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1. Introduction 

1.1 Background 

Increasing concentrations of greenhouse gases (GHGs) in the atmosphere ac-
celerate climate change and global warming, with many harmful impacts (IPCC, 
2014a). Yet, anthropogenic GHG emissions have continued to increase, espe-
cially during the last decades, with the majority of emissions originating from 
fossil fuel combustion and industrial processes. In particular, economic and 
population growth have increased these emissions (IPCC, 2014a; IPCC, 2014b; 
IEA, 2015).  

The energy sector contributes the largest share to GHG emissions and it there-
fore also plays a key role in climate change mitigation. In 2013, electricity and 
heat generation accounted for over 40% of global CO2 emissions and these sec-
tors still rely strongly on coal. Non-emitting energy sources such as renewable 
and nuclear energy have a central role in limiting emissions from the energy 
sector. Carbon dioxide capture and storage (CCS) technologies can possibly also 
contribute to reducing emissions in the future. In addition, increased energy ef-
ficiency is important (IPCC, 2014b; IEA, 2015).  

In order to avoid the most dangerous climate effects, the commonly consid-
ered climate target is to limit the average global temperature increase to below 
2°C compared to pre-industrial level. Meeting this target would, however, re-
quire large changes and emission cuts in many sectors (IPCC, 2014b). 

The United Nations Framework Convention on Climate Change (UNFCCC) 
was adopted in 1992 and entered into force in 1994. The UNFCCC is the main 
driver for global climate negotiations and for international cooperation to miti-
gate climate change. The Kyoto Protocol of the UNFCCC in 1997 includes emis-
sion mitigation targets for developed countries for the period 2008–2012. In 
December 2015, the historical Paris Agreement under the UNFCCC was adopted 
and its central goal is to limit the global temperature increase well below 2°C 
and to aim at limiting the temperature increase to 1.5°C (IPCC, 2014b; UNFCCC, 
2015; UNFCCC, 2016). 

In addition to global climate cooperation, many countries and groups of coun-
tries have introduced their own policy measures and targets concerning emis-
sions as well as energy production and consumption. For example, in the Euro-
pean Union (EU), the so-called 20-20-20 targets concern renewable energy use, 
GHG emissions and energy efficiency. According to these targets, the share of 
renewable energy in the final energy consumption should be 20% by 2020 in 
the EU, with each Member State having a national target. The GHG emissions 
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in the EU should be cut by 20% and this target is further divided into GHG tar-
gets in the EU Emissions Trading Scheme (ETS) and in sectors outside the EU 
ETS (non-ETS) (European Council, 2008; EC, 2016). The current situation con-
cerning GHG emissions and the use of renewable energy sources (RES), and 
their development towards shorter-term energy and climate targets are also the 
basis for reaching longer-term objectives. 

It should be noted that consumer behavior through energy consumption and 
different energy choices is a fundamental driver of GHG emissions and for the 
use of different energy sources. Consumer choices have an important role for 
example in the transport sector and in heating decisions, thus further affecting 
GHG emissions from these sectors. Policy instruments aiming to reduce these 
emissions often require behavioral changes, which is why policies and climate 
targets should not be viewed separately from consumer behavior. Consumer 
choices are, however, complex phenomena, affected for example by cultural 
context, market conditions, and options available to consumers as well as by 
consumer characteristics. Yet, the context in which consumers make their deci-
sions can to some extent be altered through policies like regulations, taxation, 
and subsidies.   

1.2 Research questions 

This thesis examines ways towards effective climate change mitigation by re-
ducing GHG emissions and increasing the share of RES. The means towards this 
objective are studied at different levels and the analysis is performed at national 
and city levels. Efficient mitigation is also studied from governmental and con-
sumer perspectives. The research presented in this thesis aims at answering the 
following research questions: 
 

Q1: What kinds of challenges and uncertainties are related to the efficiency of 
policies of RES and GHG and their future development? 
 
Q2: What kinds of factors affect consumer energy decisions and the consumer 
costs of different energy alternatives? 
 
Q3: How do consumer energy choices contribute to reaching policy objec-
tives? 

 
It is examined how GHG reduction targets could be met cost-efficiently and 
whether selected EU Member States are on track to meet their renewable elec-
tricity objectives (Q1). Policies are not the only thing that affect the development 
of the energy sector and its emissions, which is why consumer energy choices 
are also considered in this thesis. Differentiated renewable energy products are 
nowadays offered to electricity customers in several countries and consumers 
can also choose heating systems that use renewable energy sources. It is there-
fore also analyzed here whether this voluntary consumer demand for RES could 
act as a complementary and efficient means to increase the use of renewable 
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energy (Q3). Factors affecting consumer energy choices and issues possibly lim-
iting the impacts of green energy purchase are discussed in particular. Policies 
often affect the economics of consumer energy alternatives and it is therefore 
studied how policies influence the attractiveness of different energy options 
from the consumer perspective (Q2).  

1.3 Objective and structure of the thesis 

This thesis consists of six articles. The research questions that the papers aim to 
answer are summarized in Table 1. Papers I and II focus on national GHG emis-
sions and the share of electricity produced by renewable energy sources (RES-
E), while their development towards targets set for them is analyzed. One of the 
main objectives in Paper I is to identify the GHG emission mitigation policies 
that should be implemented in order to meet the emission target with the least 
costs while Paper II focuses on RES-E progress with current measures. The 
wider policy framework concerning GHG mitigation and increasing the share of 
RES in EU countries is thus described in Papers I and II.  
 
Table 1: Research questions for the individual publications. 

 
Research presented in Papers III-V was done in a project funded mainly by 
Tekes, the Finnish Funding Agency for Innovation, with stakeholders from pub-
lic organisations and one technology export company. The key aim of the project 
was to study consumer demand for green energy products in Finland, Germany, 
Great Britain, USA and China. Papers III and IV examine consumer demand for 
differentiated green electricity products in the European policy framework that 
was introduced in Papers I and II. Issues possibly weakening the real additional 

 Research questions 

Paper I 
- How can a predetermined emission mitigation target be met with least costs? 
- Which are the most cost-efficient emission mitigation measures in the Finnish non-
ETS sectors? 
- How large are the uncertainties included in the costs and achieved emission reduc-
tions compared to the non-ETS target? 

Paper II 
- Are the five Nordic and Baltic countries studied on a pathway to reaching their RES-
Electricity objectives for 2020? 
- How are the different forms of RES-E developing in these countries? 
- What kinds of challenges might the countries face in achieving the later targets in par-
ticular? 

Paper III 
- What kinds of green electricity products are available to consumers? 
- Which mechanisms are used to justify the claims regarding environmental impacts? 
- What kinds of problems can voluntary green electricity products include? 
- How has the demand for these voluntary products developed? 
- What kinds of factors affect consumer demand? 

Paper IV 
- How much do the green electricity products cost compared to standard electricity 
products? 
- What kinds of benefits can local renewable energy projects provide? 
- Why did renewable energy become more common in the studied cities? 

Paper V 
- Which factors affect consumer attitudes towards green energy products and the will-
ingness to buy them in Shanghai? 
- What kinds of barriers are there to buying green energy? 
- What could motivate the survey respondents to buy green energy? 

Paper VI 
- Is it economical for a Finnish consumer to replace oil heating at the end of the tech-
nical lifetime of the heating system or before it? 
- How do policies such as light fuel oil taxation and subsidies for heating renovations 
affect the consumer costs of replacing oil heating? 
- How do changes in oil price development affect these costs? 
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benefits of voluntary green electricity purchase are discussed in particular. Fac-
tors affecting consumer attitudes towards green energy products in Shanghai 
are studied in Paper V. The profitability of residential oil heating replacement 
in Finland is analyzed for different policy and market price scenarios in Paper 
VI. Papers III–VI thus include more detailed case studies related to the topics 
introduced in Papers I and II. 

Papers I and II address the meeting of emission and renewable energy targets 
from the governmental perspective, while Papers III–VI examine the increasing 
use of renewable energy through voluntary consumer demand. The two aspects 
of consumer choice and policies are combined especially in Papers V and VI. 
The role of policies in consumer choices is examined in Paper V based on the 
survey results and the types of policies expected by the consumers are also dis-
cussed. In Paper VI, the effects of policies and market conditions on the profit-
ability of heating system renovations are analyzed from a consumer point of 
view.  

 The articles included in this thesis are described in Table 2. Papers III, IV and 
VI focus on the consumer energy choices in European countries, while Paper V 
examines the factors affecting consumer energy choices in Shanghai, China. The 
circumstances concerning, for example, energy production and electricity mar-
ket structures, as well as the energy options available to consumers in China are 
different from those in European countries. So while the articles of this thesis 
concentrate on different regions, the analysis is also performed at various levels. 
Papers I and VI focus only on Finland. The analysis is thus made at national 
level, while in Papers II, III and IV several European countries are analyzed and 
compared. Paper IV also includes case studies of two Finnish cities and in Paper 
V, a case study of Shanghai, China is presented. The papers included in this the-
sis also look at the development of RES use and GHG emissions in different sec-
tors. Papers II and III focus mainly on the electricity sector and Paper VI on 
heating system choices. In Papers IV and V, the different kinds of renewable 
energy options are considered more broadly.  

In Paper I, a stochastic optimization model was built and a stochastic invest-
ment calculation model was formed in Paper VI. In both models, a Monte Carlo 
method was used to model the influence of uncertain variables on the model 
outputs. In Paper VI, the factors influencing consumer heating choices were dis-
cussed based on the literature. The analysis in Paper II was done based on sta-
tistics and the literature on the current development of RES-E in the selected 
EU countries. Green energy markets were studied based on the literature and 
current electricity offerings in Papers III and IV. The case studies described in 
Paper IV also included interviews. In Paper V the attitudes towards green energy 
were investigated based on a survey and the survey results were analyzed using 
generalized linear regression models.  
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Table 2: Sectors, regions and viewpoints covered in Papers I–VI. 

 Paper I Paper II Paper III Paper IV Paper V Paper VI 
Main 
topic 

Cost-efficiency 
and uncertain-
ties of GHG 
mitigation 
measures at 
national level 

Progress to-
wards renew-
able electricity 
targets with 
current 
measures 

Green 
electricity 
markets 

Green 
energy pro-
ducts 

Consumer 
attitudes 
towards 
green en-
ergy prod-
ucts 

Consumer 
costs of oil 
heating re-
placement in 
different policy 
and market 
price scenar-
ios 

Sec-
tor 

Non-ETS sec-
tors 

Electricity Electricity Energy Energy Heating 

View-
point 

Governmental 
decision-ma-
king 

Governmental 
decision-ma-
king 

Consumer 
demand, 
markets 
for differ-
entiated 
electricity 
products 

Consumer 
demand, lo-
cal renewa-
ble energy 

Consumer 
demand 

Consumer 
costs 

Re-
gion 

Finland Nordic and 
Baltic count-
ries 

Finland, 
Germany, 
UK 

Finland, Ger-
many, UK 
(green elec-
tricity mar-
kets), 
Joensuu and 
Vaasa case 
studies (re-
newable en-
ergy in a 
wider con-
text) 

China Finland 

Meth-
ods 

Stochastic op-
timization mo-
del 

Data analysis, 
literature re-
view 

Literature 
review 

Literature re-
view, inter-
views 

Literature 
review, 
survey, 
statistical 
analysis 

Stochastic in-
vestment cal-
culation model 

 
Some of the findings are used as a basis for the other articles and the connec-
tions between publications are illustrated in Figure 1. In Paper I, the cost-effi-
cient GHG mitigation measures in the Finnish non-ETS sectors are identified, 
with these results indicating that replacing oil heating is a cost-efficient emis-
sion mitigation measure. This finding is used as a starting point in Paper VI, 
which looks closer at the consumer costs of oil heating replacements in various 
policy and oil market price scenarios. In particular, policies that should be im-
plemented in order to encourage consumers towards desired energy choices 
(Paper VI) and which support the meeting of the GHG emission reduction target 
with the least cost (Paper I) are studied. 

Papers III–VI all discuss the factors affecting consumer energy choices based 
on the literature and this research indicates that several factors simultaneously 
influence consumer behavior. These factors and their contribution to consumer 
choices are further studied in the survey performed in Paper V. It should, how-
ever, be noted that since the survey was performed in Shanghai, the findings 
cannot be directly applied to the European circumstances studied in the other 
papers. The literature and results in Paper V suggest that costs play an im-
portant role in consumer behavior and the consumer costs of heating choices 
were thus further studied in Paper VI.  
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Figure 1: Connections between the publications.  

The thesis is structured as follows. Section 2 presents the existing literature on 
the topics covered in this thesis. The main results of the publications are de-
scribed in Section 3. In Section 4, the contribution of the thesis and the limita-
tions of the research are discussed. The conclusions and recommendations an-
swering the research questions are summarized in Section 5. 
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2. Literature review and the role of this 
research 

2.1 Emission and renewable energy targets in EU countries 

In 2007, EU leaders set targets concerning renewable energy use, GHG emis-
sions and energy efficiency, which were enacted in legislation in 2009. In this 
climate and energy package, the EU set a target to reduce its emission by 20% 
from 1990 levels by 2020. In addition, the EU committed to increasing the share 
of renewable energy in the final energy consumption to 20% and to reducing 
energy consumption by 20% by 2020 (European Council, 2007; European 
Council, 2008; EU, 2009a; EU, 2009b). 

The GHG emissions should be reduced separately in the EU ETS and in the 
sectors outside the EU ETS. In the EU ETS, the emissions should be 21% lower 
than in 2005 and the non-ETS emissions in the EU should be cut by 10% from 
2005 levels. In order to achieve the non-ETS target, binding national targets 
have been set for Member States in the Effort Sharing Decision (ESD) (EU, 
2009b).  

The ETS covers approximately 45% of the EU’s GHG emissions, mainly from 
the energy and industrial sectors, and these emissions are regulated at the EU 
level. The EU ETS was already launched in 2005 in order to limit industrial 
emissions cost-efficiently. It works on the cap and trade principle i.e. a limit is 
set on the amount of emissions and this cap decreases over time (European 
Commission, 2016a).  

Over half of the EU’s emissions fall outside the ETS and these emissions are, 
for example, from the residential sector, waste management, the transport sec-
tor, agriculture, and forestry. Each Member State has a binding national target 
defined in the ESD. Member States have to implement policies in order to meet 
these targets and the non-ETS emissions are thus regulated at a national level 
(EU, 2009b; European Commission, 2016b). Member States can, however, uti-
lize some flexibilities in order to meet the targets. Member States are allowed to 
carry forward from the following year at most 5% of its annual emission alloca-
tion. On the other hand, if the emissions of a Member State are less than the 
annual emission target, emission allocations can be carried over to the next year. 
Member States can also transfer a part of their annual emission allocation to 
other Member States (EU, 2009b). A report by the European Environment 
Agency (EEA, 2015) shows that in 2013 the non-ETS emissions were below the 
targets in all Member States and it is expected that emissions will decrease and 
remain below the target levels. Their analysis also shows that in most Member 
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States, the national emissions will remain below the annual ESD targets until 
2020. 

The climate and energy package includes a binding target to increase the share 
of RES in the final energy consumption, including all energy sectors, to 20% and 
also to increase the share of renewable energy to 10% in the transport sector by 
2020. In order to meet the overall EU RES target, national renewable energy 
targets have been set for each Member State (EU, 2009a).  

Climate and energy targets have also been set beyond 2020. By 2030, the GHG 
emissions in the EU should be cut by at least 40% from 1990 levels. To achieve 
this target, the ETS emissions are cut by 43% and the non-ETS emissions by 
30% compared to 2005 levels. National goals for the reduction of the non-ETS 
emissions have not yet been set. The 2030 climate and energy framework also 
includes a binding target of increasing the share of renewable energy to at least 
27% of the energy consumption in the whole EU. The RES target is binding at 
EU level and national targets have not been set for Member States. In addition, 
an indicative target for energy efficiency has been set and at least 27% energy 
savings should be achieved by 2030 (European Council, 2014). In the longer 
term, the EU has also set a target of reducing emissions by 80-95% by 2050 
compared to 1990 levels (European Commission, 2011). The current situation 
and development towards the shorter-term climate and energy targets naturally 
further affects the development towards longer-term objectives. 

The progress of the EU and its Member States towards climate and energy 
targets set for 2020 has been studied, for example, by the European Environ-
ment Agency (EEA). Their report (2015) shows that the EU is on track to meet 
its targets but that there are significant differences between the Member States 
in this regard. Their analysis suggests that even if the EU’s GHG emissions do 
decline after 2020, the pace is not sufficient to reach the long-term targets. With 
the current pace in renewable energy development, the EU would meet its tar-
get. This may, however, be challenging due to market barriers and reduction in 
support measures for renewable energy (EEA, 2015).  

Member States have implemented various policies in order to meet their cli-
mate and energy targets, and electricity production from renewable energy 
sources is being promoted, for example, through economic incentives such as 
feed-in tariffs and quota systems. National emissions are mitigated through dif-
ferent kinds of regulations, taxation, and also through subsidies. As an EU 
Member State, Finland is committed to reaching the national targets for 2020 
and 2030 set by the EU. In addition, the present government has set a goal of 
halving the use of fossil oil (excluding oil refining activities) by 2030 (Finnish 
Government, 2015). The emission reductions in the Finnish non-ETS were in-
vestigated in Paper I and the literature concerning these sectors is reviewed in 
Section 2.1.1. Paper II focused on the progress of RES-E in five Nordic and Baltic 
countries, and Section 2.1.2 therefore describes the literature related to increas-
ing the share of RES in EU countries. 
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2.1.1 Mitigation of greenhouse gas emissions – the Finnish non-ETS sec-
tors (Paper I) 

In the Finnish non-ETS sectors, the GHG emissions should be reduced at least 
16% below the 2005 levels and the emissions should be reduced linearly in 2013-
2020 towards the target. This raises the question of cost-optimal ways to meet 
the Finnish non-ETS target, which was addressed in Paper I. Uncertainties re-
lated to meeting this target were studied and cost-efficient mitigation measures 
were identified. It should be noted that some of the studied measures, such as 
replacing oil heating, can affect emissions in the ETS, but these effects were not 
considered. 

In 2013–2015 the Finnish non-ETS emissions were already below the annual 
targets (Statistics Finland, 2016) and a study of Finland (Lindroos and Ekholm, 
2016) shows that the current development is sufficient in order to meet the 2020 
targets. New mitigation measures have to be implemented, however, in order to 
meet a stricter target in 2030 i.e. the meeting of later targets can be challenging 
(Lindroos and Ekholm, 2016). 

In 2014, the total GHG emissions in Finland were around 59.1 MtCO2-eq, with 
approximately 50% of these emissions coming from the non-ETS sectors. Finn-
ish non-ETS emissions in different sectors (excluding domestic civil aviation) in 
2010 and 2014 are illustrated in Figure 2, and as can be seen, transport, energy 
(excluding transport), and agriculture are the largest non-ETS emission sectors. 
The emissions from the energy sector in the non-ETS include some emissions 
from the heating of buildings and also from heat production. In the heating sec-
tor, for example, a large share of emissions from district heating and electric 
heating are regulated under the ETS, while emissions e.g., from residential oil 
heating fall under the non-ETS sectors. Lindroos and Ekholm (2016) have esti-
mated that in 2013 around 13% of the Finnish heating emissions fell under the 
non-ETS. It should be noted that replacing oil heating with, for example, electric 
or district heating would increase emissions in the ETS.  
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Figure 2: The Finnish non-ETS emissions in different sectors in 2010 and 2014. Indirect 
emissions were 0.1 MtCO2-eq in 2010 and 2014, which is why they cannot be clearly dis-
tinguished from the Figure (Statistics Finland, 2016).  

According to the author’s knowledge, the literature evaluating the uncertainties 
related to meeting an emission target with cost-optimal combination of mitiga-
tion measures is scant. The uncertainties related to the national GHG invento-
ries have, however, been studied using a Monte Carlo method, for example, in 
Finland (Monni et al., 2004), the Netherlands (Ramírez et al., 2008) and Aus-
tria (Winiwarter and Rypdal, 2001). Watson et al. (2015) have investigated the 
uncertainties having the greatest impact on meeting the UK’s climate targets 
especially in the fourth carbon budget (2023–2027) and identified strategies 
that could mitigate these uncertainties. Optimization considering GHG mitiga-
tion has been performed, for example, by Li et al. (2011), who have developed 
an integrated fuzzy-stochastic optimization model for planning energy systems 
in association with GHG mitigation subject to uncertainty. The results can be 
used, for example, for planning optimal energy resource allocation and to iden-
tify cost-efficient GHG mitigation policies. There are also studies on other coun-
tries that assess how GHG targets could be met without considering uncertain-
ties. Yang et al. (2015) have used a CA-TIMES optimization model to evaluate 
how California could meet its GHG targets set for 2050 and the costs of achiev-
ing these targets have also been analyzed. Bakam et al. (2012) have assessed the 
cost-effectiveness of market-based GHG mitigation policies in the agricultural 
sector in Scotland so that transaction costs are taken into consideration.  

2.1.2 Increasing the share of renewable energy in EU countries (Paper 
II) 

Electricity sector has a significant contribution to the overall development of 
RES and the progress of RES-E therefore further affects reaching the overall 
RES target. For this reason, the development of RES-E was studied in five Mem-
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ber States in Paper II and the progress was compared to their 2020 RES-E tar-
gets. In addition, issues affecting the development in the studied countries were 
discussed.  

The projected share of renewable energy in the gross final energy consumption 
in 2014 was around 15% in the EU.  There are, however, some differences in the 
progress between sectors. The heating and cooling sector and the electricity sec-
tor are well on track with shares of 16% and 26% of renewable energy in 2014. 
The heating and cooling sector is the most advanced among sectors and several 
countries were above their interim target in 2011. In the transport sector, the 
progress has been slower and the share of renewable energy was only 5.7% in 
2014 (Ecofys, 2014).  

The analyses by the European Commission (2015) and the EEA (2015) indi-
cate that most of the Member States are on track to meet their overall RES tar-
gets and also the EU as a whole is advancing well towards the targets. There are, 
however, large differences between the countries in their progress. In some 
countries like Sweden and Estonia, the shares of RES in 2013 were even above 
the national targets set for 2020. In contrast, for example in the Netherlands 
and the United Kingdom, the RES shares were significantly (40%) below these 
targets (EEA, 2015). As the trajectory becomes steeper, it can be challenging for 
some Member States to reach the targets, and additional efforts are needed in 
order to keep on track (European Commission, 2015). A study (Knopf et al., 
2015) on the 2030 climate and energy targets in the EU shows that the cost-
effective share for RES-E varies from 43% to 56% in 2030 and also that there 
are large differences between the Member States in the RES deployment and 
costs.  

The progress towards EU targets has been studied also by Klessmann et al. 
(2011), who have analyzed the progress in the electricity, heating/cooling, and 
transport sectors. They also found that most Member States are on track to meet 
the interim trajectory and some countries are even exceeding it. Yet, additional 
policy efforts will be needed in order to reach the 2020 target. There are also 
studies that focus on specific countries and areas when the RES development is 
analyzed. For example, Parkes (2012) has discussed whether the UK can reach 
its renewable energy targets and found that in addition to reforms in the policy 
framework, co-operation between renewable energy companies is important in 
order to meet the target. Labriet et al. (2010) analyzed the energy strategies that 
should be implemented in Spain in order to meet the 2020 RES targets and their 
results suggest that additional efforts are needed to meet the target. The impact 
of EU RES targets on the energy sector of Poland has been analyzed by Gawlik 
et al. (2015), who found that the RES target would affect investments in the en-
ergy sector but that decarbonisation will be achieved with lowest costs if only an 
emission target is set. The use of renewable energy sources in the electricity sec-
tor in Greece has been studied by Manolopoulos et al. (2016) and their analysis 
points out e.g., that RES projects are mainly targeted upon specific technologies 
such as wind farms.  

Policies and barriers concerning RES have been analyzed, for example, Kless-
mann et al. (2011) who found that policies focus strongly on removing financial 
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barriers. Effective and efficient policies include, for example, policy stability, 
and reduction in project risks and also the removal of administrative and legal 
barriers. A study (del Río, 2011) on the drivers and barriers to RES-E in the EU 
up to 2030 concludes that the main drivers for the most mature RES-E technol-
ogies are, for example, public policies, such as carbon prices and support 
schemes and also the expected increase in fossil fuel prices. The main barriers 
for these technologies are administrative procedures and grid access. For tech-
nologies that are already commercial but expensive, the main barriers are the 
high investment costs.  

2.2 Renewable energy as a consumer choice (Papers III–VI) 

Besides the policies affecting energy production, the development of the energy 
sector is naturally also driven by energy consumption and by consumers’ en-
ergy-related choices. In order to meet the energy and climate policy objectives 
described earlier, policy measures targeting changes also in consumer behavior 
may need to be implemented. Papers III–VI focus especially on consumers’ 
electricity and heating decisions, and issues affecting these choices. The effects 
of policies both on the benefits that voluntary consumer demand could provide 
and on the consumer costs of heating alternatives are studied in particular in 
the papers included in this thesis. As consumption can affect the costs of differ-
ent alternatives, the costs of electricity and heating options analyzed in Papers 
III, IV and VI have been calculated at different levels of energy usage. 

Consumer energy-related decisions concern especially choosing from among 
different energy alternatives, such as electricity and heating options, but also 
energy efficiency improvements and energy consumption as a result of con-
sumer behavior. Several studies (Lindén et al., 2006; Sardianou, 2008; Guerra 
Santin et al., 2009; Kopsakangas-Savolainen and Juutinen, 2013; Schaffrin and 
Reibling, 2015)  analyzed residential energy consumption and especially the fac-
tors and policies affecting it. The role of different energy options and energy 
consumption depends on various issues; for example, Aasen et al. (2010) found 
that in Norway, where the share of hydropower in electricity production and 
electricity consumption is high, energy savings were seen as more important 
than making a green electricity purchase. A study by Visschers et al. (2009) on 
environmentally friendly consumption shows that consumers are more willing 
to pay a premium than to change their behavior.  

Heating and electricity choices are somewhat different from the consumers’ 
viewpoint. Electricity can be an abstract product for a consumer and the differ-
ent electricity products are similar from the electricity usage point of view. Heat-
ing choices, with the exception of district heating systems, are more concrete 
and the differences between options more obvious. Furthermore, heating alter-
natives may require more consumer involvement through operation and 
maintenance of the system than the use of electricity. Switching the source of 
heat in an existing building may require renovations and, for example, changes 
in the heat distribution system. Installing a heating system often requires in-
vestments and the lifetime of these systems can be long. Switching an electricity 
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product could therefore be cheaper and easier from the consumers’ viewpoint, 
since technical issues do not need to be taken into consideration.  

2.2.1 Voluntary green electricity purchase in EU countries (Papers III 
and IV) 

Differentiated renewable electricity products have been suggested as one way 
for increasing RES use, which is why the markets for these differentiated prod-
ucts were examined in Papers III and IV. The analysis focused on the UK, Ger-
many and Finland. In the studied countries, there are existing energy policies 
that concern all suppliers and their products, and the expenses of these policies 
are at least partly financed by taxes or included in consumers’ electricity bills. 
For this reason, the additional benefits of differentiated green electricity prod-
ucts that can cost more than the standard electricity products have to be consid-
ered. Issues limiting these benefits are discussed especially in Paper III. 

The liberalization of electricity markets has enabled consumers to choose their 
electricity supplier and product freely in several countries. Many consumers pay 
attention to sustainability and environmental aspects in their purchase deci-
sions, while markets for green consumer goods have become more common and 
are growing (Rex and Baumann, 2007; Young et al., 2010; Hanimann et al., 
2015). In order to meet the preferences of electricity customers, differentiated 
renewable electricity products are often offered to consumers. There seems to 
be market potential also for differentiated green electricity products and, for ex-
ample, a study of Germany (Kaenzig et al., 2013) shows that there is a gap be-
tween the standard electricity mix and consumer preferences, while consumers 
considered the price and electricity mix to be important product properties. Sev-
eral electricity suppliers are nowadays offering voluntary green electricity as a 
differentiated electricity product in order to better meet consumer preferences. 
The demand for green electricity has generally increased slower than the de-
mand for other types of green products (Rex and Baumann, 2007; Young et al., 
2010; Hanimann et al., 2015). 

As electricity suppliers are not only competing on prices but also on other 
properties of electricity products, more attention is being paid to the differenti-
ation and branding of electricity products (Larsen, 2014; Hanimann et al., 
2015). Especially service, price, image, and green factors are important factors 
in differentiating these products (Larsen, 2014), and as a result of product dif-
ferentiation, various kinds of options are available. Different mechanisms to 
provide the claimed environmental benefits are included in the green electricity 
products and so the definition of green electricity is therefore ambiguous. 

In the EU Member States, the unbundling of electricity production and supply, 
the opening of the electricity market to customers, and increasing market trans-
parency have been encouraged by the European Union. Creating a harmonized 
electricity market in order to increase the efficiency of electricity trading is also 
a goal in the EU (European Commission, 2014a; European Commission, 2016c). 
These changes should also provide consumers with the possibility to become 
active players in the electricity markets.  
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Even if customers have the right to choose their supplier, they do not neces-
sarily do so and thus they do not choose differentiated electricity products. Bird 
et al. (2002) found that switching especially the electricity supplier has been  
slow and most green electricity customers have not changed the supplier. For 
example, a lack of economic benefits, loyalty to the current supplier, service re-
covery and regulated electricity prices can affect household electricity switching 
behavior (Annala and Viljainen, 2008; Yang, 2014). 

The customer activity to switch electricity supplier can be used as an indicator 
of the competitiveness of electricity markets. The electricity market was fully 
liberalized and opened to competition in the UK in 1999 (Bird et al., 2002). Until 
2008 the residential electricity markets in the UK were one of the most compet-
itive in the world. After 2004, electricity prices increased and regulatory actions 
were implemented for example to protect customers from energy poverty. Yet, 
these actions also reduced competition in the electricity markets. In 2009, 16% 
of consumers had switched their electricity supplier during one year (Pollitt and 
Brophy Haney, 2014) and in 2012, only 12% of electricity consumers had 
switched their electricity supplier (European Commission, 2014b). In Germany, 
where the electricity market was opened to consumers in 1998 (Bird et al., 
2002), approximately 8% of households consumers had switched their electric-
ity supplier in 2012 (European Commission, 2014b). Finnish households have 
been able to change their electricity supplier since 1998 (Salmela and Varho, 
2006) and the switching rate in the entire electricity retail market is around 8% 
in Finland (European Commission, 2014b). 

2.2.2 Green energy in China (Paper V) 

Papers III and IV focus on three European countries with liberalized electricity 
markets, where differentiated electricity products are also available to consum-
ers. The aim of Paper V was to study the potential for consumer demand for 
renewable energy in different contexts than those analyzed in Papers III and IV, 
and consumer energy choices in China were thus analyzed. In addition to sev-
eral European countries, green electricity is offered to customers in the USA, 
Canada, Australia and Japan, for example (Bird et al., 2002). Most of the liter-
ature on green electricity markets focuses on the Western context and on liber-
alized electricity markets where consumers can choose their electricity product 
and supplier, and thus actively participate in the electricity market. The role that 
consumer choices can have naturally depends strongly on the electricity market 
status, i.e. on whether consumers can choose their electricity supplier. Moreo-
ver, the renewable energy alternatives that are common and available for con-
sumers can vary between regions, and the types of electricity options are also 
affected by the electricity production structure of the country. 

The electricity market in China is only partly liberalized and the government 
regulates the end-user electricity prices. Consumers cannot normally choose 
their electricity supplier but there has previously been a pilot green electricity 
scheme in Shanghai. However, the scheme was not as successful as expected 
(Mah and Hills, 2010; Ma, 2011; Zhang and Wu, 2012; Andrews-Speed, 2013). 
In China competition exists mainly in the renewable energy appliances and their 
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manufacturing (REEEP, 2010). Therefore, renewable energy solutions such as 
solar water heaters are more relevant in consumers’ green energy choices.  

In recent decades, China’s economy has grown fast and the energy demand 
and residential energy consumption have also increased significantly. Coal still 
has a crucial role in electricity generation and it is expected to continue to dom-
inate primary energy demand and electricity generation. In 2012, the share of 
coal-fired electricity generation was 76% (IEA, 2014a) and the share of renewa-
ble energy in electricity consumption was approximately only 20% (REN21, 
2013). 

Chinese CO2 emissions have more than tripled since 1990 (IEA, 2013a; Yuan 
et al., 2013). The Renewable Energy Law, the main legal foundation for renew-
able energy use in China came into effect in 2006 and targets for the develop-
ment of renewable energy were established in it. Specific targets for the devel-
opment of different types of renewable energy and for increasing the share of 
renewable energy in the total energy consumption are set in the 12th Five-Year 
Plan for Renewable Energy. Feed-in tariffs and the Special Fund for Renewable 
Energy are used to support the development of renewable energy (Zhang and 
He, 2013; Zhang et al., 2013; IEA, 2014b). China has also announced that it aims 
to achieve the peaking of emissions by 2030 and to increase the share of non-
fossil fuels in primary energy consumption up to 20% by 2030 (The White 
House, 2014). Renewable energy and emission reductions are thus playing an 
increasingly important role also in China. Besides GHG emissions, other envi-
ronmental problems like air pollution are severe issues and prominent in the 
everyday life of people (e.g., (Chan and Yao, 2008; Shi et al., 2014; Chen et al., 
2016)).  

However, the renewable electricity capacity is vast and in 2012, China’s re-
newable power capacity was around 319 GW, of which 229 GW was from hydro-
power and 90 GW from other renewable energy sources. China is one of the top 
countries in terms of solar heat capacity and there has been demand for solar 
thermal capacity especially for residential purposes. Yet recently, commercial 
projects for solar thermal have become more common and residential markets 
have remained stable or even declined (REN21, 2013; REN21, 2015).  

China is the largest consumer and producer of solar water heaters (SWHs), 
and in 2013, China’s share of the global solar water heating capacity was 70%. 
Solar water heaters are the most important green energy applications in build-
ings in China and their demand has increased especially due to economic devel-
opment and increased demand for hot water. The main driving forces to in-
stalling SWHs have been the convenience of hot water and energy conservation 
(Yuan et al., 2011; Runqing et al., 2012; Yuan et al., 2013; REN21, 2015). 

2.2.3 Green energy and local government (Paper IV) 

In addition to voluntary consumer demand and policies encouraging renewable 
energy use, local renewable energy projects can affect the use of renewable en-
ergy and this motivated the analysis of local RES presented in Paper IV. The 
literature suggests that the impacts of renewable energy and the motives to pro-
mote it are not necessarily only environmental. Green energy production can 
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provide local social and economic benefits such as income and jobs and the mo-
tives to renewable energy production can also depend on the local conditions. 
In addition to direct economic and employment effects, local renewable energy 
can diversify the sources of income, increase the local energy production, and 
secure the energy supply. Projects can also involve local stakeholders and pro-
vide a positive feeling of getting involved. Yet, even if renewable energy projects 
can contribute to the development and sustainability of the area, they should 
not be viewed as a solution to the serious socioeconomic problems of the area 
(del Río and Burguillo, 2008; del Río and Burguillo, 2009; Walker et al., 2010; 
Martinot, 2011).  

Various kinds of local renewable energy policies are used and especially target 
setting is commonly implemented. Local governments can use regulatory 
schemes, financial incentives and guidance, and also act as role models in the 
renewable energy use. Despite the wide selection of useful policies for local con-
ditions, none of them suits all cities and towns, and local conditions should be 
carefully considered when policies are selected. Strong leadership based on 
clear objectives as well as financial and advisory support for projects, in addition 
to public acceptance, are important (Rogers et al., 2008; IEA, 2009; Martinot, 
2011). As local renewable energy policies and projects sometimes include costs, 
problems may exist in terms of equity as the costs and benefits may fall differ-
ently between actors and regions (del Río and Burguillo, 2008). Thus, as in the 
case of green electricity, local renewable energy projects can also include issues 
concerning the allocation of costs and benefits. 

2.2.4 Consumer heating system choices in Finland (Paper VI) 

The analysis in Paper I showed that abandoning oil heating is a cost-efficient 
emission mitigation measures in the Finnish non-ETS and the profitability of 
oil heating replacement was therefore investigated from a consumer point of 
view in Paper VI. In Finland, the share of oil heating is around 8% of residential 
heat consumption and there are currently approximately 200,000 households 
heated with oil (Statistics Finland, 2014; Finnish Petroleum and Biofuels Asso-
ciation, 2014) and residential oil heating is thus a large source of GHG emis-
sions. The number of houses heated with oil is, however, decreasing, as in 2005 
there were around 250,000 households using oil heating in Finland (Finnish 
Petroleum and Biofuels Association, 2016). Although it is rare that an oil heating 
system is chosen in a new house, in over half of oil heating renovations, the 
household renewed the oil heating system. In spite of this, it is estimated that 
even with the current rate of oil heating relinquishment, there will be almost no 
houses heated with oil in Finland by 2028 (Vihola and Heljo, 2012).  

As explained earlier, the emissions from residential heating fall under the ETS 
and non-ETS sectors, and are thus also regulated differently in these sectors. 
For example, national fuel taxation can affect both the ETS and non-ETS sec-
tors. In the EU, the share of the heating that generates CO2 emissions under the 
non-ETS is over 60% of the total heat supply (Seppänen et al., 2015). The heat-
ing of commercial, institutional, and residential buildings (i.e. IPCC sectors 
1A4a and 1A4b in the non-ETS sector) produced over 600 MtCO2-eq in 2013, 
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which is almost 14% of the total emissions in the EU. In Finland, the emissions 
from these sectors were only less than 5% of the total emissions (EEA, 2016), 
even though heating is a considerable part of the energy consumption in resi-
dential buildings due to the cold climate. In Finland, the most important heating 
sources are district heat, wood and electricity, which cover over 80% of the total 
residential heat consumption. As the majority of the emissions from electric and 
district heating are regulated under the ETS, a significant share of emissions 
from residential heating in Finland falls under the ETS (Statistics Finland, 2014; 
Lindroos and Ekholm, 2016).  
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3. Results 

3.1 Emission reductions in the Finnish non-ETS sectors (Paper I) 

The main objective of Paper I was to study how the Finnish GHG emission re-
duction target can be met with the least costs. In order to find the cost-optimal 
way to meet the target, a stochastic optimization model was built. This model 
finds a cost-optimal portfolio, that is, combination of emission mitigation 
measures that are selected to be implemented and the year in which they are 
implemented. As the costs and expected reductions of separate mitigation 
measures are uncertain, also the portfolios include corresponding uncertainty. 
Therefore the probabilities (1) of not meeting the target and (2) of exceeding the 
estimated costs were evaluated in Paper I. The portfolios were formed at differ-
ent levels of probability of meeting the reduction target and in these efficient 
emission mitigation portfolios the expected cumulative emissions cannot be re-
duced without increasing the expected costs. The most cost-efficient mitigation 
measures can be identified by examining which measures are most frequently 
included in efficient portfolios. 

A detailed description of the optimization model and its assumptions is pro-
vided in Paper I. It should be noted that the objective was to minimize the net 
present value (NPV) of total costs from a governmental point of view and a dis-
count rate of 5% was used in the calculations. Timely flexibility was also allowed 
in the optimization and a maximum 5% of unused emission allocations could be 
carried over to the next year starting from 2013. For this reason, the cumulative 
emissions and cumulative target were evaluated and compared to each other. 

Pareto efficient emission mitigation portfolios with associated uncertainties 
are presented in Figure 3. Due to the possibility to use a time flexibility mecha-
nism i.e. transfer some amount of emissions from one year to another, the non-
ETS target can be viewed as a cumulative target. The cumulative difference be-
tween the target and the expected emissions is therefore illustrated in the x-axis 
and the net present value of overall costs in the y-axis in Figure 3. The uncer-
tainties related to the costs and emissions are presented for five Pareto efficient 
portfolios at the confidence intervals of 68% and 95%. As can be seen from Fig-
ure 3, both the emission reductions and costs include large uncertainty. In ad-
dition, Figure 3 shows that these uncertainties do not vary significantly between 
efficient portfolios. If none of the measures is implemented (lower endpoint of 
the Pareto curve in Figure 3), the emission reduction target will not be met. On 
the other hand, even if all of the studied mitigation measures are implemented 
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(upper endpoint of the curve), it is still possible that the reduction target is not 
achieved. Yet, it should be noted that these results reflect the situation at the 
time Paper I was written and the current situation described in Section 2.1.1 is 
different, as it seems that the 2020 non-ETS target is already met with current 
development (Lindroos and Ekholm, 2016). In addition, the assumptions and 
simplifications as well as the mitigation measures included in the analysis nat-
urally affect the results. 

 
Figure 3: Cumulative difference between the GHG target level and the expected emissions. 
The confidence intervals of 68% and 95% are illustrated with red and blue lines for five 
Pareto efficient portfolios (Paper I).  

As can be seen from Figure 3, the marginal abatement costs are increasing and 
a stricter emission mitigation target would be more expensive to achieve if only 
the mitigation measures studied in Paper I were taken into consideration. It can 
also be seen that both the costs and achieved emission reductions include rather 
large uncertainty and if the probability of meeting the target is increased, the 
costs will also increase.  

The analysis also showed that the average emission reduction cost in a portfo-
lio with which an emission target can be met on expectation is around 30 
€/tCO2-eq. It should also be noted that this reduction cost in the non-ETS sec-
tors is significantly higher than the current price of EU ETS emission allowance, 
which is around 6 €/tCO2 (European Energy Exchange, 2016). 

The gained emission reductions also depend on the year in which the measure 
is implemented. The frequencies of each measure having been implemented in 
each of the examined years in efficient portfolios are shown in Figure 4. As can 
be seen, there is a large variation between the measures in these frequencies and 
some of the actions, such as replacing oil burners in the end of technical lifetime 
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with alternative heating source and CH4 recovery from waste, will be imple-
mented almost always already by the year 2010. It thus seems that there are 
significant differences in the cost-efficiency of different measures and also be-
tween sectors and for example in the transport sector the emission reduction 
costs are high. 

 

 
Figure 4: The annual probability of implementing each abatement action in Pareto efficient 
portfolios (Paper I). 

Results of the sensitivity analysis performed for one efficient mitigation portfo-
lio in Paper I showed that especially the prices of crude oil and diesel and the 
abatement costs of reducing HFC emissions had the greatest impact on the un-
certainty of total costs. The assumed baseline emissions in different sectors are 
the most important factors causing uncertainty concerning the exceedance of 
the cumulative emission reduction target.  

The impact of the model structure was also examined so that the results from 
models including and excluding dependencies between mitigation measures 
were compared to each other. The results between these models were slightly 
different but seemed not to have a crucial impact on the accuracy of the results, 
especially as the costs and achieved emission reductions include large uncer-
tainty. Yet, the optimal portfolios found with different models were slightly dif-
ferent.  

3.2 Progress in renewable electricity use in Northern Europe (Pa-
per II) 

In order to analyze the development of RES-E and the factors that influence this 
development in more detail, five EU Member States in the Nordic and Baltic 



 

30 
 

region were studied in Paper II. These countries have similarities in the RES 
usage and the development of wind power has been limited except for Sweden. 
In addition, there is almost no solar power in the studied countries. Especially 
in Sweden and Finland, biomass is a significant source of energy and there is 
also a lot of nuclear power in the energy mix of these countries. In Sweden, Fin-
land, and Latvia the share of hydropower is rather high and in Estonia the share 
of biomass has increased rapidly in recent years.  

As EU Member States, the studied countries have national RES targets set in 
the RES Directive (EU, 2009a) for the year 2020. In addition, the indicative 
trajectory towards 2020 is also set out in the RES Directive and the interim tar-
gets are steepening. The RES Directive also requires that Member States submit 
National Renewable Energy Action Plans (NREAPs), in which they describe how 
they are planning to meet their RES target. The NREAPs also include the RES 
targets in different sectors, the planned mix of RES technologies, and the policy 
measures to achieve the national targets. In Paper II, the actual development of 
renewable electricity in 2011 and 2012 was compared to the plans in the 
NREAPs. The development of different RES-E technologies was studied in par-
ticular and the potential challenges in meeting the targets in each state were 
discussed. 

The NREAPs showed that in the studied countries, with the exception of Es-
tonia, the largest contribution to RES growth is expected to be from the heating 
and cooling sector, and the RES-Electricity sector makes the second largest con-
tribution to the target. In addition, as biomass-based CHP has an important role 
in the planned RES development, the RES-Electricity and RES-Heating sectors 
are also linked to each other. 

Providing an adequate and consistent policy system to encourage the develop-
ment of different RES-E technologies is important in order to meet the RES-E 
objectives. The development of different RES-E technologies, however, also de-
pends on the earlier experience of the technologies and on the local conditions, 
such as problems in planning and permitting of wind power projects. The anal-
ysis showed that the countries have reached their overall RES-E objectives in 
2011 and 2012. Yet, some countries underperform in the newer RES technolo-
gies and often use technologies where they already have previous experience to 
compensate for this underperformance. Meeting the later targets can, however, 
be challenging if the countries are only exploiting the technologies that are 
cheapest and of which they have previous experience, and not developing the 
newer RES-E technologies. It should also be noted that the potential for increas-
ing the use of hydropower is limited and that the development of biomass and 
wind power play an important role in the future RES-E development in the stud-
ied countries. Balanced utilization and development of different RES-E technol-
ogies is important and reliance on one RES-E form should be avoided. Espe-
cially the utilization of biomass depends on the availability of resources and 
their price. Finland and Sweden are likely to face a decline in the pulp and paper 
and sawmill industries, which can further reduce the use of biomass electricity, 
and it is important to take these challenges into account in order to ensure good 
progress in the biomass sector. 
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The results also indicate that there are some differences between the countries 
in the development of different technologies. In the Baltic countries, the devel-
opment of different RES-E technologies was the most unbalanced, while Swe-
den had the most balanced development. Even if wind power has an important 
role in the NREAPs, the development has been slow, especially in Finland and 
Latvia. On the other hand, Sweden and Lithuania show good progress in wind 
power development. It was also found that in the Baltic states a large part of 
existing biomass electricity is from co-firing.   

3.3 Factors affecting consumer energy choice (Papers III-VI) 

The research presented in Papers III-VI considered consumer energy choices 
and factors influencing these decisions were therefore also discussed. It was 
possible only to do a limited amount of surveys with limited samples and an 
essential part of the work in Papers III-VI was thus a literature analysis. The 
main results of this literature analysis are presented here. 

Consumer energy-related choices are often simultaneously influenced by sev-
eral aspects. These factors depend, for example, on the country, customer seg-
ment, and sector. Yet, typically household characteristics such as income, age 
and education affect these decisions. Price, general environmental awareness, 
and attitudes, as well as availability and quality of information also often have 
an impact on consumers’ energy decisions (Salmela and Varho, 2006; Diaz-
Rainey and Ashton, 2008; Yoo and Kwak, 2009; Zorić and Hrovatin, 2012; Mac-
Pherson and Lange, 2013; Sardianou and Genoudi, 2013). In addition, 
knowledge about electricity markets, the general electricity production struc-
ture in the country, the source of renewable electricity and participation mech-
anism can also affect the green electricity purchase (Ek, 2005; Salmela and 
Varho, 2006; Kotchen and Moore, 2007; Borchers et al., 2007; Aasen et al., 
2010) . 

Costs typically have a crucial impact on heating decisions, and both invest-
ment costs and annual heating costs are usually considered in the investment 
decisions. These costs occur at different time points and it has been found that 
consumers typically apply high discount rates and short time horizons in their 
decisions. There is, however, naturally a large variation in the used discount 
rates between consumers, and the implicit discount rate can also depend on the 
type of heating system (Wilson and Dowlatabadi, 2007; Scarpa and Willis, 2010; 
Vihola and Heljo, 2012; Rouvinen and Matero, 2013; Karytsas and Theodoro-
poulou, 2014). Heating decisions are also influenced by the size of the building 
and household, and by the properties of the heating system. The functional re-
liability and properties of the heating system affect the choice, as well as famili-
arity with and knowledge of the technologies. It has also been found that con-
sumers tend to stick with the heating choice they are already familiar with. In 
addition, it should be noted that the heating decisions in existing and newly built 
houses are somewhat different, and in new houses the heating choices are linked 
to decisions concerning the other characteristics of the building (Mahapatra and 
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Gustavsson, 2008; Mahapatra and Gustavsson, 2010; Tapaninen, 2010; Mi-
chelsen and Madlener, 2012; Karytsas and Theodoropoulou, 2014).  

There is often a gap between the consumers’ actual behavior and the stated 
willingness to pay (WTP). A study on consumers’ purchase decisions regarding 
technology products (Young et al., 2010) shows that lack of time and infor-
mation as well as price are barriers to a green purchase, and that in order to 
efficiently concentrate consumers limited efforts, government should provide 
incentives and clear single-issue labels to help consumers in their decisions. In 
energy-related decisions, a similar gap has been identified and, for example, old 
habits, costs, and the need for effort can be obstacles to choosing green energy 
options. A green electricity purchase, in particular, is hindered for example by 
consumer confusion, lack of understandable information and trust (Fuchs and 
Arentsen, 2002; Salmela and Varho, 2006; Diaz-Rainey and Ashton, 2008). The 
main barriers to heating system changes are typically the high investment and 
renovation costs, and that households are satisfied with their current heating 
system and do not want to change it. In addition, the need for effort in installing 
a new system and possible disturbance from the renovation can hinder heating 
changes (Mahapatra and Gustavsson, 2008; Mahapatra and Gustavsson, 2010; 
Sopha et al., 2011; Karytsas and Theodoropoulou, 2014). 

3.4 Green electricity as a voluntary purchase in the UK, Germany 
and Finland (Papers III and IV) 

Directive 2003/54/EC (EU, 2003) requires that electricity suppliers have to 
provide all customers with information on the energy sources to the overall fuel 
mix of the supplier. In order to prove the share of energy from renewable energy 
sources, electricity suppliers can use the Guarantees of Origin (GoOs), a concept 
introduced already in Directive 2001/77/EC (EU, 2001; EU, 2009a). Member 
States are required to provide suppliers with Guarantees of Origin i.e. a system 
to guarantee the origin of electricity produced from renewable energy sources. 
Member States must also ensure that the same unit of renewable energy is taken 
into account only once. Any GoO shall be used within 12 months of production 
and GoOs must be cancelled once they are used (EU, 2009a).  

Member States are also obliged to recognise the GoOs issued by other Member 
States (EU, 2009a), which enables the trade of the GoOs between Member 
States. The GoOs are a proof of energy production from renewable energy 
sources and they can be transferred also separately from the physical electricity. 
Thus suppliers offering green electricity products to customers can obtain GoOs 
also from countries without connection to their grid (Ragwitz et al., 2009; Aasen 
et al., 2010; Bröckl et al., 2011; Reichmuth, 2014).  

 In Papers III and IV, the voluntary green electricity markets in the UK, Ger-
many and Finland were investigated and possible problems related to these 
markets were discussed. The research showed that various kinds of electricity 
products are marketed as green and the definition of green electricity therefore 
also varies. Different kinds of mechanisms are included in these products to jus-
tify the claims regarding environmental friendliness. Typically, green electricity 
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is at least partly generated from renewable energy sources although, for exam-
ple, green funds and carbon offsetting can also be utilized.  

In the UK, there is a lot of variation in the types of green electricity products 
and various mechanisms are included in these products. This can be confusing 
for consumers and it can be difficult to evaluate and compare the different types 
of products and their properties. It was also found that some suppliers might 
only aim at meeting their renewable energy obligations and assign the already 
required renewable energy to green electricity customers, and there is thus a 
risk of a double counting of renewable energy.  

It was found that the share of hydropower is very high in the green electricity 
products offered in Germany (Table 3). In the German Renewable Energy Act, 
EEG, it is forbidden to market renewable electricity remunerated under the 
EEG, and green power and green electricity often originates from abroad. Green 
electricity is acquired especially from Norway and other Scandinavian coun-
tries, but also from Austria and Switzerland. In these countries, the share of hy-
dropower is already high, which is why green electricity purchases do not nec-
essarily efficiently increase the renewable energy capacity. 

 
Table 3: Examples of green electricity products in Germany (Adapted from Paper III). 

Supplier Fuel mix Origin 
LichtBlick (LichtBlick, 2013) 75% hydro,  

25% renewables 
(EEG) 

Hydro: Norway (14 plants), Austria 
(1 plant) 

EWS (EWS, 2013; Ökostrom-anbi-
eter.info, 2013) 

99.6% hydro,  
0.4% CHP 

Norway (all hydro),  
Germany (all CHP) 

Greenpeace Energy (Greenpeace 
Energy, 2013) 

92.5% hydro,  
7.5% wind 

Germany, Austria 

Naturwatt (NaturWatt, 2013) 99.3% hydro,  
0.7% wind,  
0.004% PV 

Norway (all hydro),  
Germany (all PV),  
Denmark (all wind) 

Naturstrom AG (Naturstrom, 2013) 63% hydro,  
37% wind 

Germany (93%), Austria (7%) 

Entega (Entega, 2013) 81.6% hydro,  
10.6% wind,  
6.2% biomass,  
1.6% PV 

 

Polarstern (Polarnstern, 2013) 100% hydro Austria (100%) 
Tchibo (Tchibo, 2013) 100% hydro Norway (100%) 
NaturEnergie (NaturEnergie, 2013) 100% hydro Germany, Switzerland 

 
In Finland, the majority of green electricity products offered to customers are 
wind and hydropower contracts. Possibilities to increase hydropower capacity 
are, however, limited and wind power capacity has increased only slowly in Fin-
land, as pointed out in Paper II. The real additional environmental impacts of 
green electricity purchase can therefore be limited.  

The analysis of the number of green electricity customers showed that there is 
some variation in the number of customers between the studied countries. In 
Germany, demand has increased significantly after 2006, whereas a similar 
trend cannot be found in the other two countries. In Germany, renewable energy 
has been a topical issue in the political discussion, which may have also affected 
the consumers’ willingness to buy green electricity.  

It was found that the voluntary green electricity products cost less than 5% 
more than the standard electricity products and in some cases green electricity 
can be even cheaper than the standard electricity. The premium depends on 
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electricity consumption, region, discounts and other properties of the product, 
for example. As was found in Paper II, the cheapest renewable energy genera-
tion is often used first to meet the renewable energy targets in many Member 
States. The costs of additional renewable electricity could therefore be rather 
high and it can be questioned whether the voluntary green electricity purchase 
can actually provide real additional benefits above the legally set requirements, 
at least with low price premiums. 

There are already policies such as requirements concerning the share of re-
newable energy in the electricity supply and financial support like feed-in tariffs 
for renewable energy. The costs of these policies are already at least partly 
passed on to all electricity customers or financed by taxes. It was found that dif-
ferent types of problems arise between renewable energy policies and voluntary 
markets, and that these problems reduce the real impacts of the purchase of a 
voluntary green electricity product. In addition to issues reducing the environ-
mental impacts of a voluntary green electricity purchase, the transparency of 
the products can be weak. As green electricity often costs more than a standard 
electricity product, attention should be paid to ensuring that the premiums are 
efficiently used to finance environmental benefits that would not otherwise oc-
cur.  

It can also be questioned whether voluntary markets would be efficient in sup-
porting the increase of renewable energy even without the earlier described is-
sues reducing the real impacts of a green electricity purchase. Increased renew-
able energy can be viewed as a public good and voluntary green electricity cus-
tomers cannot fully capture the benefits themselves. Furthermore, different 
kinds of electricity products are similar from the end-users’ point of view and 
there can thus exist an incentive to free ride on public benefits financed by vol-
untary individuals (Wiser, 1998; Batley et al., 2001). Contrary to this, it has also 
been suggested that due to the limited consumer willingness to pay, green elec-
tricity markets could more efficiently encourage cost reductions than for exam-
ple feed-in tariffs (Wüstenhagen and Bilharz, 2004). Yet, consumer WTP under 
mandatory and voluntary schemes can vary and according to Akcura (2015) 
households are more likely and also certain to be willing to pay under a manda-
tory scheme compared to a voluntary scheme.  

3.5 Local renewable energy: case studies of Vaasa and Joensuu 
(Paper IV) 

In Paper IV, renewable energy was studied with case studies of two Finnish cit-
ies, Vaasa and Joensuu. In these case studies, local renewable energy heating 
and renewable energy technology business were considered, that is, renewable 
energy was studied in a wider context than in the other papers. The case studies 
showed that the impacts of renewable energy are not solely environmental and 
that the local conditions and traditions have also affected the development of 
renewable energy use in the studied areas. The most important reasons for in-
creased renewable energy use were rising energy prices, expertise and traditions 
in forestry in particular, and cooperation between different actors and towns. In 
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addition, regional policy supporting bioenergy use, and small- and medium-
sized actors have contributed to the renewable energy utilization in these areas.  
There are, however, some differences between the areas which have also af-
fected the development of local renewable energy use. In Joensuu, there are long 
traditions in forestry and bioenergy use, while in Vaasa there is expertise in 
metal and engineering works and in entrepreneurship. In Joensuu, some oil 
heating was replaced by district heating with wood chips and the main motiva-
tion for this was the rising price of oil. Thus, lower heating costs and money 
savings were drivers for switching to local bioenergy, and this was enabled by 
collaboration and expertise in the region. Income to and support for the energy 
technology business were the main objectives of renewable energy use in Vaasa. 
International relations and cooperation between energy actors also significantly 
contributed to the development of renewable energy technology business in 
Vaasa. Case studies in Finland thus suggest that the main motives to increased 
renewable energy use were not environmental and that energy technology mar-
kets and local renewable energy might proceed easier than the renewable elec-
tricity market.  

3.6 Green energy in Shanghai (Paper V) 

Paper V reviewed residential renewable energy applications in China and the 
experiences from the pilot green electricity scheme in Shanghai. In China, con-
sumers cannot usually choose their supplier, which naturally affects the energy 
choices available to consumers. The first Chinese green electricity market was 
introduced in 2006 in Shanghai and the scheme was targeted both at commer-
cial consumers and households. The scheme made it possible for consumers to 
choose their electricity product and thus consumers could have a new role in the 
electricity market. Yet, even if government encouraged the purchase of green 
electricity by promoting, for example, the customers’ public image, the scheme 
did not succeed. Households only had a small role in the scheme and most of 
the subscriptions came from corporations. In addition, only a few government 
organizations purchased green electricity. The scheme therefore failed to affect 
consumer behavior or to introduce market competition and voluntary financial 
support for renewable energy (Berrah et al., 2006; Mah and Hills, 2010; Li, 
2011). 

The main barriers to green electricity purchases in China were somewhat sim-
ilar to those in the Western context discussed in Papers III and IV, and issues 
related to costs and information hindered the participation in Shanghai’s green 
electricity scheme. There was also a lack of knowledge on how to buy green elec-
tricity and as green electricity is a new concept in China, consumers did not have 
sufficient understanding of green electricity and its benefits. The literature also 
suggests that consumers were not motivated to buy green electricity because 
they could not gain substantive benefits from the purchase (Berrah et al., 2006; 
Mah and Hills, 2010; Li, 2011). This is similar to the findings concerning green 
electricity in liberalized electricity markets, where voluntary mechanisms that 
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do not provide direct benefits to the electricity user can incentivise free riding 
(Wiser, 1998; Batley et al., 2001). 

In China, renewable energy systems such as solar water heaters are important 
green energy applications in buildings. Barriers to using these applications are, 
for example, poor product quality, immature technologies, high costs, and a lack 
of product standards. Furthermore, the type and properties of the building can 
restrict the installation of these systems (Yuan et al., 2011; Runqing et al., 2012; 
Shi et al., 2013; Yuan et al., 2013). 

3.7 Consumer attitudes towards green energy in Shanghai (Paper 
V) 

The potential for consumer demand for renewable energy products in Shanghai 
was studied in Paper V by examining the attitudes towards green energy prod-
ucts and the willingness to pay for them. The aim was also to examine what kind 
of role environmental aspects have in the consumers’ energy-related choices 
and which factors influence consumer attitudes towards a voluntary renewable 
energy purchase. The study covered both green electricity products and renew-
able energy systems.  

An online survey targeting people living in the Shanghai region was performed 
and the survey results were analyzed using generalized linear regression mod-
els. Altogether 232 respondents answered the questionnaire. It is important to 
note that the respondents were mainly fairly young and educated people living 
in urban area. Among this quite small and wealthy group, the survey results 
showed that: 

 The respondents showed very positive attitudes towards renewable en-
ergy. 96% of the respondents were willing to buy at least some amount 
of green electricity and 83% were interested in buying their own re-
newable energy system. 

 The willingness to buy green electricity was affected by income, the 
type of building in which the respondent lived, whether the respondent 
can decide what kind of water heating and cooling system is used in 
the apartment and how promising the respondents assessed the RES 
potential in general. 

 The willingness to buy a renewable energy system was influenced by 
age, the type of building in which the respondent was living and 
whether the respondent can decide what kind of water heating and 
cooling system is to be used in the apartment. 

 Price was the most often mentioned barrier to buying green energy. 
Also reasons related to the equipment, and operation and maintenance 
were mentioned as barriers by more than half of the respondents. 

 For example, with SWHs the amount of bought electricity can be re-
duced and money can thus also be saved. The most important motiva-
tions to buying green energy were energy savings, increased energy se-
curity and the environmental friendliness of green energy.  
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 In the answers to open-ended questions, the environmental aspects 
were highlighted. Several respondents mentioned that they found re-
newable energy technologies interesting for environmental reasons 
and buying green energy would have an environmental meaning for 
them.  

 Respondents saw the role of government and policies as important in 
motivating the purchasing of green energy products and several re-
spondents suggested subsidies to lower the prices and thus motivate 
households to buy renewable energy. They also mentioned that infor-
mation campaigns and pilot projects should be provided by the gov-
ernment in order to promote the use of renewable energy. 
 

It was thus found that even if the respondents showed a very positive attitude 
towards green energy and a high level of interest towards these products, eco-
nomic aspects seem to have a central impact when the respondents are choosing 
among energy products. The purchase of green energy would, however, have a 
great environmental meaning for many of the respondents. Yet, even though in 
our sample the attitudes towards green energy were very positive, the earlier 
pilot green electricity scheme in the region was not successful. It should also be 
noted that the studied sample was limited and non-representative of the whole 
population of the region. 

3.8 The role of information and labels for renewable energy prod-
ucts 

In the survey (Paper V), respondents highlighted the importance of information 
in encouraging a green energy purchase. In addition, the analysis in Papers III 
and IV suggests that consumer confusion and lack of reliable information are 
significant barriers to a green electricity purchase. There are certification and 
labelling schemes for green electricity products that can increase market trans-
parency by providing consumers with clearer and more reliable information 
about the products, as discussed in Paper III. Different kinds of labels and their 
requirements are reviewed in more detail by Hast et al. (2014). It was, however, 
found that there is some variation in the criteria and their bindingness between 
labels and, for example, fossil CHP based electricity can in some cases be in-
cluded in the certified green electricity products (Hast et al., 2014). Yet, since 
labels can set criteria for the products, well-planned requirements could help to 
mitigate the undesirable overlap between voluntary green electricity markets 
and policy framework. 

The results presented above are in agreement with other literature. Hanimann 
et al. (2015) found that trust in the effectiveness of renewable electricity 
schemes correlates strongly with the choice of a renewable electricity product 
and that introducing a label by a trusted institution would be effective in in-
creasing the demand for renewable electricity contracts. Also Young et al. 
(2010) conclude that labels could help consumers in their purchase decisions 
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and Salmela and Varho (2006) point out that consumers need to be provided 
with information in order to boost the demand for green electricity. 

3.9 Replacing residential oil heating in Finland (Paper VI) 

Paper I showed that relinquishing residential oil heating at the end of the oil 
burners’ lifetime is a very cost-efficient way to reduce the Finnish non-ETS 
emissions from the viewpoint of governmental decision-making. In addition, 
replacing all oil burners even before the end of the lifetime was often included 
in the efficient emission mitigation portfolios presented in Paper I. In Paper VI 
these emission mitigation measures were analyzed from the consumer point of 
view. Since the oil market price has changed significantly after the publication 
of Paper I, it was also important to take the current market conditions into ac-
count, so Paper VI provides a more up-to-date analysis of the economy of relin-
quishing oil heating. A lower oil price may also encourage the postponement of 
an oil heating renovation and two alternative oil price developments were 
tested, as described in more detail in Paper VI. 

The optimal alternative heating choice was determined based on consumer 
costs, since costs often have a strong impact on the consumer choices as found 
in Paper V. In Paper VI, it was thus studied in which policy and oil market price 
scenarios (Table 4) it was economical to replace an oil heating system with pellet 
heating or a ground source heat pump (GSHP) at the end of the technical life-
time of the oil heating system (case 1) or before it (case 2). The profitability was 
calculated based on the net present values, while a discount rate of 5% was as-
sumed in the calculations. As consumers may value the costs at different time 
points differently, alternative discount rates reflecting the consumers’ different 
trade-offs of these costs were also tested in scenarios 8–10 (Table 4). 

  
Table 4: Studied scenarios concerning subsidies, light fuel oil taxation and discount rates. 
All scenarios were tested in two oil price developments i.e. Low oil price and Oil price 
recovery (Paper VI). 

Scenario Subsidy to pellet/GSHP 
investment 

Light fuel oil tax Discount rate 

1 (BAU) No changes (25%) No changes (21 c/l)  
2 (Small) Small increase (30%) Small increase  

(22 c/l) 
 

3 (Moderate) Moderate increase (35%) Moderate increase 
(24 c/l) 

 

4 (High) High increase (40%) High increase  
(27 c/l) 

 

5 (No subsidies) No subsidies (0%) No changes (21 c/l)  
6 (Moderate sub-
sidy) 

Moderate increase (35%) No changes (21 c/l)  

7 (Moderate taxa-
tion) 

No changes (25%) Moderate increase 
(24 c/l) 

 

8 (Low discount 
rate) 

No changes (25%) No changes (21 c/l) Discount rate = 2% 

9 (High discount 
rate) 

No changes (25%) No changes (21 c/l) Discount rate = 10% 

10 (Different dis-
count rates) 

No changes (25%) No changes (21 c/l) Discount rate for oil heat-
ing = 41% 
Discount rate for pellet 
heating = 22% 
Discount rate for GSHP = 
16% 
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The profitability of replacing oil heating with pellet or GSHP was evaluated by 
taking both the investment costs and the operating costs into account, and the 
operating costs of alternative heating systems were compared to those of oil 
heating. It was assumed that the expected oil price development includes un-
certainty that increases over time. The expected future development of crude oil 
price was modelled using the Geometric Brownian Motion (GBM) and Monte 
Carlo simulation. The GBM parameters were defined based on several forecasts 
for the oil market price in 2030 (IEA, 2013b; EIA, 2014). Due to the uncertainty 
in oil prices, the NPVs of replacing oil heating with pellet and GSHP also include 
uncertainty. In order to perform the calculations, a stochastic investment calcu-
lation model was developed in Matlab. 

Figure 5 shows the probabilities that the NPV of replacing oil heating with pel-
let or GSHP compared to oil heating is positive i.e. that oil heating replacement 
is economical. The results show that it is usually profitable to replace oil heating 
with other heating source at the end of the technical lifetime of the equipment 
(case 1) in both of the developments of crude oil price if at least the current sub-
sidy is available. This is in line with the finding in Paper I, that is, that relin-
quishing oil heating at the end of the lifetime is a very cost-efficient emission 
mitigation measure in the Finnish non-ETS sectors and the mitigation costs of 
this action can even be negative.  

Results presented in Figure 5 also indicate that the oil price development has 
a crucial impact on the profitability of oil heating replacement, since if the crude 
oil price remains low, it is almost never economical for a consumer to replace 
oil heating before the end of the system’s lifetime (case 2). Yet, if the oil price 
recovers to a higher level, even an early replacement is usually optimal, assum-
ing that a subsidy for the investment is available. It can thus be concluded that 
as changes in market conditions have a tremendous impact on the economics of 
oil heating replacement, some room should be left for updating and adjusting 
policies in response to market changes. From the point of view of the national 
GHG reduction requirement (Paper I), results suggest that even if replacing all 
oil burners is a less cost-efficient mitigation measure than replacing oil burners 
at the end of their lifetime, it was still often chosen in the efficient GHG mitiga-
tion portfolios (Figure 4). Results in Figure 5 similarly indicate that the early 
replacement of oil heating can be beneficial if the oil price recovers to a higher 
level.
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3.10 Comparison of governmental (Paper I) and consumer (Paper 
VI) costs of replacing oil heating  

The cumulative expected values of GHG reductions and of total costs from a 
governmental point of view are presented for each mitigation measure in the 
Appendix of Paper I. Based on these values it can be estimated that if only those 
oil burners that were in the end of their technical lifetime were replaced with 
other heating alternative in 2010, the average mitigation costs would be around 
-20 €/tCO2-eq. If this measure was implemented in 2015, the abatement costs 
would be approximately -50 €/tCO2-eq i.e. replacing old oil burners could pro-
vide savings. The mitigation cost of replacing all oil burners in 2010 were over 
70 €/tCO2-eq and in 2015 over 80 €/tCO2-eq.  

The consumer costs of oil heating replacement were estimated in Paper VI. 
Based on these costs, the costs of oil heating replacement per saved emissions 
in the non-ETS can be calculated (Figure 6). The costs are calculated assuming 
that the annual emissions of one oil burner are 6.1 tCO2-eq and the cumulative 
emissions in 2015–2020 are thus 30 tCO2-eq. It is assumed that GSHP and pel-
let heating do not generate emissions in the non-ETS sectors. As the mitigation 
costs in Figure 6 are calculated from the consumer point of view, they are thus 
to some extent opposite compared to the governmental costs evaluated in Paper 
I. The consumer costs per tCO2-eq could therefore be interpreted as the costs 
that should be covered by policies in order to incentivise oil heating replacement 
if the consumer only took costs into consideration.  

It should be noted that in Paper I, no subsidies or effects of fuel taxation were 
assumed when mitigation costs were determined for oil heating. On the con-
trary, light fuel oil taxes were taken into account when costs were determined in 
Paper VI. Furthermore, more alternative heating options were included in the 
analysis of Paper I. Due to these differences, the costs in Paper I and Figure 6 
are not fully comparable. The No subsidies scenario (Paper VI), assuming no 
subsidies or increase in the fuel taxation, corresponds best to the GHG mitiga-
tion costs determined in Paper I. In Figure 6, the consumer costs per emissions 
are shown also in BAU and High scenarios in order to illustrate the variation 
between different policy scenarios. After the publication of Paper I, the oil price 
has declined strongly and this development was considered in the later research 
presented in Paper VI. Therefore, the Oil price recovery development in Paper 
VI is more in line with the assumptions of Paper I than the Low oil price devel-
opment.  

As can be seen from Figure 6, the abatement costs of the end of lifetime re-
placement (case 1) are negative also in the No subsidies scenario and the miti-
gation costs of pellet, that is, the cheaper option, are of the same order in the Oil 
price recovery as in Paper I. On the other hand, if the oil price recovers to the 
higher level (Oil price recovery), the costs of early replacement (case 2) with 
pellet heating, that is, the cheaper alternative, are in the No subsidies scenario 
higher than the costs estimated in Paper I. There are thus some differences in 
the mitigation costs assessed from different perspectives. This gap can be at 
least partly due to the differences in the assumptions explained earlier.  
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It can also be seen from Figure 6, that the consumer mitigation costs vary 
greatly between scenarios, technologies, and the assumed oil price develop-
ment. According to the costs presented in Figure 6, if the oil price remains low, 
the mitigation costs in both cases 1 and 2 are, in the No subsidies scenario, much 
higher than the mitigation costs estimated based on in Paper I. Therefore, if only 
costs are considered, the economic incentives that should be provided to cus-
tomers to encourage oil heating replacement are significantly higher than the 
estimated mitigation costs in Paper I due to the decline in the oil price.  

 

 
Figure 6: The consumer costs per emissions for replacing oil heating with pellet or GSHP. 
The studied scenarios are described in Table 4 (Summarized from Paper VI). 

The results in Figure 5 show that a subsidy is usually required to encourage re-
placement of oil heating. It was also found in Paper VI that policies have some-
what different effects on the profitability of replacement and the studied policies 
affect the NPVs of GSHP investment slightly more strongly than the NPVs of 
pellet heating investment. It should also be noted that the tested policies influ-
ence the costs at different time points differently, and subsidies influence the 
investment costs while fuel taxation affects the operation costs. Yet, the impacts 
depend on the tested level of policies and in the studied scenarios, subsidies 
were more beneficial to the replacement than fuel taxation from the consumer 
point of view. From the governmental point of view, the effects of these policies 
are opposite, as subsidies require government funding while taxes contribute to 
the state budget.  

In Paper VI the scope was limited to consumer costs, but in practice consumer 
decision-making is normally affected by several aspects. Paper V showed that 
even if costs seem to have an essential role in these choices, technical issues, for 
example, can also hinder the purchase of renewable energy systems. In addition, 
information, and attitudes towards renewable energy in general are likely to in-
fluence consumer behavior. Future research could thus evaluate the impacts of 
these more complex and intangible factors on consumer choices. The effects of 
consumer preferences concerning time were investigated in Paper VI by using 
different discount rates and the results suggest that the impact of the assumed 
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discount rate is quite large. Assumptions concerning the investment costs and 
electricity price as well as heat consumption also affect the results.  
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4. Discussion  

4.1 Contribution of the thesis 

The main objective of this thesis was to analyze different ways towards effective 
climate change mitigation and the topics covered in this thesis are presented in 
Figure 7. As the role of consumers’ energy-related choices can be important in 
the GHG reductions and in supporting the use of renewable energy sources, 
changes in consumer behavior are also required. Efficient mitigation is exam-
ined especially through consumer demand and through energy and climate pol-
icies, and the publications included in this thesis thus focus both on the supply 
of and demand for energy. The potential problems, uncertainties, and costs re-
lated to increasing the use of RES and reducing GHG emissions both through 
policies and voluntary demand were particularly investigated. Mitigation is also 
analyzed at different levels and in Papers I and II, the national situations were 
studied and the scope was thus rather wide. In Papers III–VI, more detailed case 
studies related to consumer energy choice are presented.  

The consumer electricity and heating choices were studied and, in particular, 
it was analyzed whether these choices could be efficient in supporting the wider 
climate policy objectives. The GHG emission mitigation measures and support-
ing renewable energy development through voluntary mechanisms were exam-
ined mostly from a consumer point of view, but the interaction between policies 
and voluntary electricity markets was also investigated. In addition, the effects 
of policies on consumer heating choices were studied. 
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Figure 7: Studied elements towards effective climate change mitigation. 

Effective climate change mitigation was studied from the policy point of view in 
Papers I and II. Paper I showed that the cost-efficiency of different mitigation 
measures varies quite a lot between sectors and measures, and the average GHG 
emission mitigation costs in the non-ETS sectors are high compared to the cur-
rent price of the ETS allowance (European Energy Exchange, 2016). This re-
search thus highlights the importance of assessing the cost-efficiency of differ-
ent measures and of identifying the most efficient mitigation measures in order 
to meet the reduction target with the least costs.  

Both Papers I and II showed that reaching the possibly stricter targets in the 
future can be challenging. In Paper I, it was especially found that the marginal 
abatement costs are increasing. It should also be noted that only 17 mitigation 
measures were included in the analysis in Paper I and the maximum emission 
reduction potential of the model is thus limited. In order to achieve both larger 
emission reductions and meet the possibly steeper targets in the future with the 
lowest costs, new cost-efficient mitigation measures should be identified. Study 
by Lindroos and Ekholm (2016) similarly indicates that meeting 2030 non-ETS 
targets would require additional measures in Finland and also in other Member 
States. Analysis by EEA (2015) shows that reaching EU’s longer-term GHG tar-
get for 2050 would require considerably more efforts. Held et al. (2009) studied 
efficient climate policies so that technology and climate uncertainties were 
taken into consideration and they found that reaching the 2°C temperature tar-
get requires significant emission cuts. 

 Analysis performed in Paper II showed that ensuring a balanced development 
of different RES-E forms is important in order to meet the future targets. For 
example Klessmann et al. (2011) point out that reaching 2020 RES target re-
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quires additional policy efforts in Europe and study by the European Commis-
sion (2015) indicates that additional efforts are needed in some Member States 
in order to reach the RES target. In addition, Menanteau et al. (2003) empha-
size that support instruments should take into account the characteristics of the 
innovation process and adoption conditions. Similarly to our findings in Paper 
II, Manolopoulos et al. (2016) found that the development of RES-E technolo-
gies in Greece is unbalanced and RES-E projects focus on specific technologies. 
Recent study on the UK (Sithole et al., 2016) also emphasizes the need of a bal-
anced development of all low-carbon technologies to reach stringent long-term 
targets. 

Climate change mitigation through consumer demand was also studied, tak-
ing into account the energy options and choices available for consumers. Con-
sumer green energy alternatives were analyzed in rather different kinds of coun-
tries and the analysis showed that the region has a prominent influence, for ex-
ample, on what kinds of alternatives are available for consumers and which en-
vironmental issues are considered important. Some similarities in consumer 
choices such as with the central role of price and information were nevertheless 
identified. 

The analysis on the consumer behavior and factors affecting their energy-re-
lated decisions is important in order to provide adequate incentives that effi-
ciently encourage consumers to opt for desired choices. It is, however, im-
portant to note that consumer choice is a complex phenomenon that is simulta-
neously affected by several factors, such as price, old habits, and the attributes 
of the energy options. The characteristics of the consumers and households also 
strongly influence these choices. It was also found that the factors affecting con-
sumer behavior are somewhat similar in different sectors and energy options. 
Yet, some differences in consumer behavior exist between energy alternatives, 
and for example technical aspects are typically more important in the heating 
system decisions than in the studied electricity purchase choices. The results in 
Paper V suggest that consumer decisions concerning renewable energy systems 
such as SWHs are affected especially by the properties and operation of the sys-
tem. 

The studies in this thesis emphasize that the potential problems related to vol-
untary energy options need to be identified especially in the electricity sector, 
and that in order to create an efficient interface between policies and consumer 
choices, these issues should be taken into consideration. This research also sug-
gests that the impacts of consumer choices vary between sectors, and consumer 
heating choices are more likely to contribute to policy objectives than green elec-
tricity purchase.  

This study also highlights the need to take various sources of uncertainties into 
consideration. As pointed out in Paper I, meeting the GHG targets and its costs 
include high uncertainties. The costs are dependent, for example, on the devel-
opment of various market prices that affect the costs of mitigation measures 
from the different actors’ points of view. It was also found that the costs of con-
sumer energy alternatives include uncertainties, due to oil market price devel-
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opment in particular, as pointed out in Paper VI. The impact of oil price devel-
opment on consumer heating decisions is similarly highlighted for example by 
Lind (2011) who found that increasing oil price has contributed to a rapid re-
placement of oil burners in Sweden. Sardianou (2008) point out that increasing 
oil price affect households differently and households intending to reduce their 
heating consumptions already have low consumption. Issues possibly causing 
uncertainties in the actual additional benefits of differentiated renewable elec-
tricity products are described in Papers III-IV. Findings suggest that the real 
impacts can be reduced due to various problems such as double counting of re-
newable energy and re-marketing hydropower produced in existing plants.  

4.2 Limitations and future research 

This study focused only on a few sectors and the situation was analyzed based 
on case studies looking at specific countries and regions, which limits the gen-
eralization of the findings. As explained earlier, the region and its properties are 
likely to have a substantial impact on the results. Therefore, case studies looking 
in more detail at the development in certain areas are necessary and if a wider 
approach was used, some important aspects might get ignored. Future research 
could compare the outcomes of such case studies and wider analysis. 

The time horizons used in the papers are fairly short and the analyses pre-
sented in Papers I, II and VI stretch to years 2020 and 2030 because the ana-
lyzed targets have been set for these years. In Paper VI, consumer heating in-
vestments were studied and a shorter timeframe was selected also since con-
sumers often use short time horizons in their decisions (Wilson and Dowlata-
badi, 2007; Scarpa and Willis, 2010; Rouvinen and Matero, 2013). In addition, 
if a longer timeframe was used, the results would be more uncertain. Develop-
ment during these shorter timeframes naturally has implications also for pro-
gress further into the future. Furthermore, if a longer time period was consid-
ered, the impact of technological developments for example of CCS, more effi-
cient RES technologies, and fusion energy could be evaluated.  

A case study of residential heating was presented in Paper VI and in it, the two 
GHG mitigation measures analyzed in Paper I were investigated in more detail 
under different oil market price conditions. The development of the crude oil 
market price was found to have a significant impact on the results, and other 
sectors and mitigation measures could also be studied in a similar way. For ex-
ample, in the transport sector, the oil price development, taxation, and the ac-
tual consumer behavior can have a substantial impact on the benefits that can 
be achieved with the policy instruments in reality. It should also be noted that 
even if the consumer energy and fuel choices were studied in this thesis, the 
effects of energy efficiency were not taken into consideration. Energy efficiency 
improvements and reduced energy consumption can, however, have a consid-
erable contribution to GHG emission mitigation and also on which energy 
choices are optimal from a consumer point of view.  
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4.2.1 Limitations concerning policies 

It should also be taken into consideration that the mitigation measures consid-
ered in Paper I can reduce emissions in one sector but increase them in other 
sectors. For example, oil heating replacement with district heating or electricity 
based technologies can reduce emissions in the non-ETS but increase them in 
the ETS. Therefore, it is important to take these effects into account when poli-
cies are designed and selected. In addition, changes in whether certain emis-
sions are divided to the ETS or non-ETS are also possible. The sectors classified 
by political decisions can also be regulated differently and the GHG emission 
mitigation costs can vary between different sectors, such as with the EU ETS 
and the non-ETS sectors. For example, an analysis of including the heating sec-
tor in the EU ETS (Seppänen et al., 2015) shows that a possible overlap in the 
regulations between the sectors should be taken into account and the inclusion 
of the heating sector in the EU ETS can change the tax revenue, for example. 
Extending the ETS to the heating sector could provide more cost-efficient GHG 
mitigation alternatives (Seppänen et al., 2015).  

The development of the energy sectors and its emissions is also affected by oil 
price fluctuations, economic development, and changes in the values and atti-
tudes of consumers (Valkila and Saari, 2010). Interviews of Finnish energy ex-
perts show that the energy policy appears to be inconsistent and especially eco-
nomic uncertainties are seen as significant threats affecting the energy sector 
(Valkila and Saari, 2013). The uncertainty in power sector investments and the 
effect of policies on these investments are also discussed e.g., by the Interna-
tional Energy Agency, IEA (2007). The response of power-sector investment be-
havior to climate change policy uncertainty is analyzed by IEA in particular, and 
the climate policy uncertainty, for example, may weaken incentives to invest in 
a more efficient new plant and low-carbon technologies. Climate policy uncer-
tainty can also increase the value of waiting. Due to uncertainty, investment 
choices may be less optimal compared to a situation where policy certainty is 
higher (IEA, 2007). 

4.2.2 Impact of policies on consumer choice 

The comparison of models in Paper I is a rather simplified sensitivity analysis 
of the model structure. In reality, policy measures cannot be chosen totally in-
dependently and they are also likely to affect each other; that is, the dependen-
cies and synergies between policy actions should thus be considered. It should 
also be noted that some of the policies investigated in Paper I require changes 
in consumer choices and behavior. In order to fully achieve the planned effects 
of policy measures such as replacing oil burners in residential heating and in-
creasing the share of public transport, walking and cycling, then changes in con-
sumer behavior are required. In the optimization presented in Paper I, these 
aspects were not taken into consideration but the effects of these changes, the 
impacts of policy measures on consumption and combinations of policies in Fin-
land have been discussed, for example, by Tuominen et al. (2012), Nissinen et 
al. (2012) and Nissinen et al. (2014).  
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Nissinen et al. (2014) have studied the combinations of policy instruments to 
decrease the climate impacts of housing, passenger transport and food in Fin-
land. They have evaluated the effectiveness of existing policy instruments, inte-
grated separate policy instruments into packages and estimated emission re-
ductions for the policy packages. They found that policy packages are more ef-
fective than individual instruments in reducing greenhouse gas emissions (Nis-
sinen et al., 2014). The gained emission reductions evaluated in Paper I might 
therefore be higher if policy packages were studied instead of the individual 
emission mitigation instruments and more cost-efficient reductions might be 
achieved. 

Measures also have other impacts such as job creation, energy security, and 
effects on other sectors that affect the selection of actions. In addition, the gen-
eral acceptability of policies is taken into consideration when policies are se-
lected. The acceptability and success of policy instruments are affected by their 
implementation, long-term consistency, and evidence of their effectiveness 
(Nissinen et al., 2014). A study on policy measures in the transport sector also 
shows that fairness of policy design is important to people (Hammar and Jagers, 
2007). These aspects were not taken into consideration in this study and they 
are likely to influence which policies are optimal also from other viewpoints 
than cost. They can also affect the actual impacts that policy measures could 
have especially if changes in consumer behavior are required.  

Consumer behavior does not always follow traditional economic theories and 
consumers may therefore respond in unexpected ways to policies (e.g., (Pollitt 
and Shaorshadze, 2011; Frederiks et al., 2015)). Policies do not solely affect con-
sumer energy choices and these decisions are simultaneously influenced by sev-
eral factors that can be difficult to quantify. Policy measures thus do not neces-
sarily provide the effects expected by the policymaker and the desired impacts 
may not therefore be fully achieved. These intangible factors and their effects 
on consumer behavior and efficiency of policies were not estimated in Papers I 
and VI, and their impacts should thus be studied further.  

Consumers may also have other objectives than those assumed by the policy-
maker, which is why measures do not necessarily provide the desired effects. 
The real effects of policies were not considered in this thesis and since some of 
the policy measures included in the analysis performed in Paper I assume 
changes in consumer behavior, the actual achieved emission reductions could 
thus be lower than estimated. In addition, market conditions further affect con-
sumer costs, as pointed out in Paper VI, and thus also possibly affect consumer 
behavior. In future research, the actual impacts of policies and measures that 
are robust to market changes could be identified. 

4.2.3 Impact of consumer choice 

Increasing RES-E is encouraged through various policies as described in Papers 
II–IV and the costs of these policies are usually already passed on to all electric-
ity customers and financed by taxes. In terms of equity it is important to con-
sider the real additional impacts of the green electricity products financed by 
voluntary consumers. This research points out that voluntary green electricity 
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markets have a risk to include weaknesses in providing these benefits. Yet, dif-
ferentiated electricity products have offered consumers a new role to actively 
participate in the electricity markets. In Paper II, it was pointed out that the 
development of RES-E under the policy framework can also include challenges 
and countries are not necessarily developing newer RES-E technologies that are 
needed in order to reach later targets. For example Manolopoulos et al. (2016) 
similarly pointed out that RES-E projects are focused on specific technologies 
in Greece. They also found that bureaucratic barriers and low public acceptance 
can hinder RES development. Analysis presented in Paper II also indicates that 
providing consistent policy system is important in order to encourage develop-
ment of different RES-E technologies. White et al. (2013) similarly found that 
unexpected policy changes may hinder RES investments. In addition, Hani-
mann et al. (2015) mention that policies have to pass political barriers, which is 
why voluntary demand for renewable electricity could provide faster and 
cheaper effects. Therefore, voluntary demand for renewable energy could have 
some advantages compared to encouraging renewable energy only through pol-
icies, provided that the actual additional impacts of voluntary green electricity 
purchase could be ensured. However, the literature also shows that there are 
consumers who prefer renewable electricity (Kaenzig et al., 2013) and that con-
sumers can be more likely and certain to be willing to pay for green electricity 
under a mandatory scheme than in a voluntary scheme (Akcura, 2015). There-
fore, the support for renewable electricity through policies and public funding 
can be justified.  

It can be expected that in the future, consumer involvement can have an even 
more significant role and more options for consumer participation may arise. In 
the future, there is likely also to be more variable production from renewable 
energy sources, which is why energy storages and flexibility are likely to play an 
essential role in the energy system. Due to these changes, energy consumers will 
probably participate more actively in the energy market, for example, through 
demand-side management and energy production (Goulden et al., 2014). New 
kinds of energy-related products and participation mechanisms might therefore 
also be offered to consumers. Reaching later energy and climate goals can also 
require further changes in consumer behavior. As it can be expected that the 
consumers have an even more significant role in the future energy system, un-
derstanding consumer behavior in energy-related decisions and in the frame-
work of energy and climate goals is increasingly important.  

The analysis presented in this thesis has focused on the consumer choices cur-
rently available to consumers in the electricity and heating sectors. Other kinds 
of participation mechanisms are also becoming available, such as small-scale 
RES, distributed generation, and demand side flexibility options (Cappers et al., 
2010; Aghaei and Alizadeh, 2013; Juntunen and Hyysalo, 2015). This research 
on current products can, however, shed light on understanding the consumer 
behavior related to the other types of energy-related products and the partici-
pation options possibly available in the future. In addition, the analysis pre-
sented in this thesis also showed that there are some differences between the 
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products and their impacts as well as factors affecting consumer choices in heat-
ing and electricity sectors, which is why more detailed case studies of future 
products are also necessary. As pointed out in this thesis, the products designed 
for consumer participation can also include major weaknesses and there is a risk 
that real additional impacts are small. In future research, it is thus important to 
pay attention to similar kinds of threats related to potential new products and 
mechanisms available to consumers. It should also be noted that voluntary-
based markets typically include incentives to free ride, which limits the impacts 
that voluntary demand for renewable energy can have.   
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5. Conclusions and recommendations 

5.1 Conclusions and recommendations concerning climate and 
energy policies (Q1) 

Research presented in this thesis emphasizes the importance of identifying and 
choosing the cost-efficient mitigation measures in order to meet national GHG 
targets with least costs. Changes in market conditions should, however, also be 
taken into consideration as they can affect both the governmental and consumer 
costs of these measures. Attention should also be paid on ensuring balanced de-
velopment of different RES-E technologies. 

Paper I showed that the cost-efficiency of the studied GHG emission mitiga-
tion measures in the Finnish non-ETS sectors varies significantly between 
measures. The average emission reduction costs in a portfolio with which emis-
sion mitigation target can be met on expectation was around 30 €/tCO2-eq even 
if the emission mitigation cost of individual measures can even be negative. The 
results in Papers I and IV–VI indicate that the oil market price and its expected 
development have an essential impact both on the GHG mitigation costs from a 
governmental point of view and on the consumer costs of oil heating replace-
ment. Paper I showed that especially replacing oil burners at the end of their 
technical lifetime is a very cost-efficient emission mitigation measure from the 
governmental point of view. In Paper VI, the costs of replacing oil heating were 
analyzed from the consumer point of view, after the oil market price had 
dropped significantly. The results showed that the strong decline in the crude 
oil price has a crucial impact on the profitability of residential oil heating re-
placement. In the low oil price scenario, rather strong policy measures would be 
required to encourage households to replace oil heating if consumers only took 
costs into account in their decisions. Paper I also showed that oil price was one 
of the most important factors contributing to the uncertainty of emission reduc-
tion costs. Therefore, it would be important to take the uncertainties related to 
the market price development into account when policies are designed and se-
lected. In legislation, there should thus be the possibility to adjust the support 
levels. It should also be noted that the development of oil market price can affect 
RES utilization; the sociological research in Paper IV showed that an increasing 
oil price had an important role in motivating to increase local renewable energy 
use.  

It was found in Paper II that typically the easiest and cheapest renewable elec-
tricity capacity is utilized and built first, in order to meet the RES-E targets. If 
countries only utilize the technologies of which they have earlier experience to 
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compensate for underperformance in other technologies, reaching future steep-
ening targets can be challenging. Unbalanced development of different RES-E 
technologies and reliance on a few forms of RES-E can be problematic also from 
the point of view of costs. For example, electricity production from biomass is 
dependent on the availability of biomass fuel and the development of its market 
and price, and changes to them can affect the costs of RES utilization. It is im-
portant that the long-term perspective, that is, to 2030 and beyond, is taken into 
consideration when designing RES policies. Attention should thus be paid on 
technology development when national policies are designed. 

5.2 What kinds of factors affect consumer energy decisions and 
the consumer costs of different energy alternatives? (Q2) 

It was found that consumer electricity and heating choices were driven by some-
what similar factors, such as the socioeconomic properties of the household and 
costs in particular. Yet, some differences exist between these sectors and in heat-
ing system selection, technical aspects such as maintenance and operation of 
the system, and integration of the heating system to the existing building are 
highlighted. Changes in the heating system also often require investments and 
renovations, which can have an essential impact on the consumer choices. Even 
if such barriers to switching electricity product do not exist and it was found that 
the price premium for differentiated green electricity products is typically less 
than 5%, the purchase of green electricity can still be hindered by consumer 
confusion, lack of knowledge, and old habits. In addition, the general electricity 
switching activity is often low. 

The nature of electricity compared to heat is also different from the end-user 
point of view. Electricity can be an abstract product for the consumer and there 
is no difference between electricity products for the end-user. Consumers may 
not have a clear idea or enough information about electricity production in gen-
eral and it can be difficult to evaluate and compare the different products. Res-
idential heating alternatives are more concrete for consumers than electricity 
options, while heating choices can also provide benefits directly to the con-
sumer, for example, through money savings or a more convenient heating alter-
natives. As a green electricity consumer does not gain the benefits directly, vol-
untary mechanisms to support renewable energy use can incentivise free riding 
(Wiser, 1998; Batley et al., 2001). This is likely to further limit the voluntary 
consumer demand for renewable electricity products. 

In consumers’ decisions, economic factors play, however, an important role, 
as the results presented in Paper V suggest. Yet, even if the role of costs is im-
portant, the survey in Paper V showed that buying green energy would have an 
important environmental meaning for several respondents and the attitudes to-
wards green electricity were also very positive in the survey sample. Literature 
review in Paper III also showed that consumer decision-making is not solely 
driven by costs. According to Papers III–V, a lack of transparent or reliable in-
formation is a common barrier to green energy purchase that was identified in 
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several countries, and the availability of clear information is important in en-
couraging consumers to choose green energy products. Moreover, the results of 
Paper V indicate that information has a central role in consumer energy choices, 
since the respondents pointed out that more information and advertisement 
campaigns are needed to motivate households to buy green energy and also to 
increase consumer trust. Labels and certification schemes can increase market 
transparency by providing consumers with reliable information about the prod-
ucts. 

It was found that the price premiums between countries studied in Papers III 
and IV did not vary significantly. Nevertheless, the demand for green electricity 
varies between the countries and it thus seems that the demand cannot be fully 
explained by costs. The electricity production structure of the country affects the 
types of voluntary green electricity products that are offered to customers. In 
addition, the status of the electricity market and the commonness of different 
renewable energy options affect consumer energy choices. In Finland, for exam-
ple, where the relative demand compared to population has been rather high, 
green electricity is often produced with hydropower. This electricity originates 
from Finland and other Nordic countries where the capacity for hydropower is 
already large. In Germany, the demand for green electricity is relatively strong 
and it has increased rapidly in recent years. At the same time, energy policy has 
been subject to a lot of political discussion, which may have benefitted also the 
demand for differentiated green electricity products. A high share of green elec-
tricity marketed in Germany originates from abroad and the real impacts on 
new RES capacity can be limited. In the UK, the demand has remained modest, 
which can be due to confusing tariffs and a lack of trust in particular. As some 
electricity suppliers only aim at meeting their legally set obligations by assigning 
the already required renewable energy to green electricity customers, a risk of 
double counting of renewable energy exists in the UK. It was also found that the 
situation is rather different between European countries and China, and differ-
ent kinds of products are available for consumers in these countries, which fur-
ther affects the voluntary energy choices available for a consumer.  

Paper VI showed that if a subsidy for heating renovation is available, it is al-
ways beneficial for a consumer to replace oil heating at the end of the system’s 
lifetime with alternative heating source. The profitability of replacing an oil 
heating system that could still be used depends strongly on the development of 
the oil market price and if the oil price remains low, early replacement is almost 
never economical if only the consumer costs are considered. Early replacement 
can, however, be profitable if the oil price recovers to a higher level. 

5.3 How do consumer energy choices contribute to reaching pol-
icy objectives? (Q3) 

From the policymaker’s point of view, the consumer heating and electricity 
choices and their impacts are quite different. Environmentally friendly heating 
choices are directly beneficial to policy objectives while green electricity markets 
may include substantial problems, as discussed in Papers III and IV. Overlap 
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between policies and markets for voluntary green electricity products can re-
duce the real additional impacts of consumer choice. In the heating sector, such 
conflicts between policies and more environmentally friendly heating alterna-
tives were not identified. Changes in new and existing buildings can even be a 
part of policy objectives and they can therefore support meeting these targets 
cost-efficiently, as pointed out in Paper I. As explained in the previous section, 
results in Paper VI indicated that oil heating replacement can be economical 
also from the consumer point of view, especially at the end of the heating sys-
tem’s lifetime. In spite of that, in almost 60% of oil heating renovations during 
the period 2006–2009, the oil heating system was renewed (Vihola and Heljo, 
2012). Measures encouraging households to actually abandon oil heating could 
therefore be considered even if the number of houses heated with oil is decreas-
ing in Finland. It should also be noted that if oil heating is replaced with renew-
able energy sources, this replacement contributes both to GHG and RES targets, 
and provides thus benefits for two different objectives.  

As explained earlier, the green electricity products and their potential weak-
nesses in providing real additional impacts above legally set requirements are 
somewhat country-specific and depend especially on the general policy frame-
work. In order to ensure that consumer choices provide real benefits and volun-
tary markets could act as a real supplement to policies, it is important to take 
the interaction between market-based products and the policy framework of the 
region into account. As pointed out by Hast et al. (2014), labels and certification 
schemes could solve some of the problems related to green electricity markets 
by setting sustainability requirements for the products. There is, however, large 
variation in the requirements and in their bindingness. Attention should thus 
be paid to verifying the marketing claims reliably and objectively, for example, 
through labelling schemes and regulations provided by the government. 

 The costs of providing genuinely additional renewable energy capacity 
through voluntary demand could be high, since in many countries the cheapest 
RES-E is used and developed first, as suggested by the analysis in Paper II. For 
this reason as well as the problems related to the green electricity markets dis-
cussed in Papers III and IV, it can be concluded that it is challenging to provide 
real supplemental support to the development of renewable energy use through 
voluntary demand for renewable electricity products at least with low consumer 
costs.  

Renewable energy use can also be motivated by other than environmental is-
sues and the case study in Eastern Finland (Paper IV) showed that renewable 
energy can provide local benefits, such as income and job creation. The case 
study also suggests that local renewable energy projects could proceed effi-
ciently but that cooperation and expertise were required. 

The results presented in this thesis suggest that more attention should be paid 
to creating an efficient interaction between different levels, such as between 
consumer demand and the national climate policy objectives in particular. 
These actions should especially reduce the risk of overlap between voluntary ac-
tions and policies that can weaken the effects of consumer choice, as was found 
in the case of voluntary green electricity markets. Yet, the results presented in 
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this study indicate that there are differences between sectors in how efficiently 
consumer choices can contribute to policy targets. This research suggests that 
especially in the heating sector, consumer decisions can contribute more effi-
ciently to national climate targets than electricity purchase choices.  
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