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The purpose of this qualitative research is to study the energy system transition towards 
 low-carbon  energy  solutions  and  carbon  neutrality  on  a  regional  level.  The  research 
 surveys the phenomenon from the perspective of local actors operating in the province of 
 South Savo in Finland. The focus of the study is on finding out the plans of these actors 
 for emission reduction and their strategies for implementing renewable energy. Moreover, 
 the research aims to find out the current state of energy production on the EU level, the 
 governmental  level  in  Finland,  and  finally  on  the  regional  level  in  South  Savo.  By 
 studying the phenomenon on different levels, also the perceived drivers and barriers for 
 the energy system transition are identified.


The  empirical  evidence  for  this  research  was  gathered  by  primary  and  secondary  data 
 collection and analysis. Publications about the topic were collected from the local actors 
 and used as a secondary data source. The primary data was gathered by conducting semi-
 structured interviews for informants within the local actors.


The  results  indicate  that  the  energy  transition  to  emission  free  energy  production  is 
possible at least in terms of electricity production of the province. The results also show 
that local actors are positive that the energy production can become carbon neutral.
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Tämän laadullisen tutkimuksen tarkoitus on tutkia alueellisella tasolla energiajärjestelmän 
 siirtymistä  vähähiilisiin  ratkaisuihin  ja  kohti  hiilineutraalisuutta.  Tutkimus  tarkastelee 
 ilmiötä  Etelä-Savon  maakunnassa  toimivien  paikallisten  toimijoiden  näkökulmasta. 


Tutkimuksessa  keskitytään  selvittämään  näiden  toimijoiden  suunnitelmia  päästöjen 
 vähentämiseksi  ja  strategioita  uusiutuvan  energian  käyttöönotossa.  Lisäksi  tutkimuksen 
 tavoitteena  on  selvittää  energiantuotannon  nykytila  EU:n  tasolla,  valtiollisella  tasolla 
 Suomessa ja lopuksi alueellisella tasolla Etelä-Savossa. Kun ilmiötä tutkitaan eri tasoilla, 
 samalla  voidaan  myös  tunnistaa  energiajärjestelmän  siirtymisessä  havaittavia  edistäviä 
 tekijöitä ja esteitä.


Tutkimuksen  empiirinen  aineisto  koostettiin  primääri-  ja  sekundääridataa  keräämällä  ja 
 analysoimalla. Aiheeseen liittyviä julkaisuja paikallisilta toimijoilta kerättiin ja käytettiin 
 sekundäärisenä  tietolähteenä.  Primääridata  kerättiin  toteuttamalla  puolistrukturoituja 
 haastatteluja alueen toimijoiden edustajille.


Tulokset  osoittavat,  että  siirtymä  päästöttömään  energiantuotantoon  on  mahdollista 
ainakin maakunnan sähköntuotannon osalta. Tulokset osoittavat myös sen, että paikalliset 
toimijat ovat myönteisiä siitä että energiantuotannosta voi tulla hiilineutraali.  
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1  INTRODUCTION 



1.1  Background 


Energy  production  is  a  part  of  the  system,  which  represents  a  remarkable  share  of  the 
 connection  between  the  environment  and  society.  Thus,  environmental  impacts  have 
 traditionally been caused by energy production, while societal processes dictate the rules of 
 the game. (Peura et al. 2011, 927) Global energy production has been dependable on fossil 
 fuels for a long time (Karytsas et al. 2014, 480). In total, fossil fuel resources account for 
 about 80% of primary energy and two thirds of final energy (Heard et al. 2017, 1124). This 
 dependency  on  the  limited  fossil  fuel  resources  contributes  to  local  and  global  emission 
 levels, which are causing climate change (Karytsas et al. 2014, 480).


Climate change mitigation is one of the defining challenges present generations are facing. 


While  this  challenge  is  global,  the  human  activities  that  are  causing  climate  change  are 
 undoubtedly  local.  The  greenhouse  gasses  (GHGs)  gathered  in  the  atmosphere  are  a 
 consequence  of  the  use  of  fossil  fuels,  and  emissions  from  agriculture,  forestry,  industry 
 and waste taking place on a local level. In mitigating the problem, the attention should be 
 focused  on  reducing  these  emissions,  in  which  local  governments  may  play  a  vital  role. 


(Damsø et al. 2017, 406) 


Oil and coal-based fossil fuel energy generation is expected to decrease remarkably in the 
coming years, in order to battle against climate change and to reach overall energy goals 
both  globally  and  locally  (Child  &  Breyer  2016b,  519).  Climate  change  and  global 
economic  pressures  are  powerful  drivers  for  energy  system  transitions  towards  climate-
neutrality, low-carbon economy and better resource and energy efficiencies. The response 
to these pressures, such as increased use of renewable energy sources (RES), creates many 
new  challenges  related  to  energy  policy’s  supply-demand  balance  and  the  planning  of 
electricity systems. (Panula-Ontto et al. 2018, 504) Furthermore, demand must be met in a 
responsible  manner  that  does  not  put  excessive  burdens  on  society  in  terms  of  how 
disruptive or costly solutions are implemented (Child & Breyer 2016a, 25-26).  
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The  energy  transition  is  dependent  on  political  outcomes  and  stability  (Sovacool  2017, 
 578). This energy transition is not only technological, but also a combination of economic, 
 political, institutional and socio-cultural changes. Therefore, the transition should be led by 
 the principle of sustainability and ethics, and a perspective of resilience. With the ongoing 
 global energy transition, the world leaders will need to provide plans for the future, as well 
 as  solid  policy  options.   (Child  et  al.  2018,  321-322)  The  decarbonization  pathways  are 
 supported by strong policies and policy commitment at not only the national and regional 
 levels, but within municipalities and local communities. In addition, subnational actors will 
 need  to  continue  adopting  climate  and  energy  goals  that  are  even  more  aggressive  than 
 national targets (Sovacool 2017, 578).  



1.2  Research gap and research questions 


Studies  show  that  emissions  occurring  on  a  local  scale  are  a  significant  contributor  to 
 global  climate  change,  and  that  energy  production  is  the  main  cause  of  carbon  dioxide 
 (CO2)  emissions.  Thus,  it  is  necessary  to  study  the  energy  transition  phenomenon  on  a 
 regional  level,  where  decisions  regarding  energy  solutions  are  being  made.  The  goals  of 
 cities and municipalities to become carbon neutral in terms of energy improve their energy 
 efficiency and self-sufficiency, and help fighting global climate change. 


In the case of this thesis, the focus of the study is in the province of South Savo in Finland. 


The thesis presents the actions and implementation alternatives in energy production, for 
 achieving carbon neutrality and zero-emission energy production in South Savo. Previous 
 studies  have  investigated  energy  transition  and  renewable  energy  production  on  a  global 
 level, on the EU level and on a governmental level, including Finland (Child et al. 2018; 


Child et al. 2017; Pilpola & Lund 2018; Vass 2017). Also regional studies of the topic can 
 be  found,  but  not  many  concidering  the  region  of  South  Savo  (Damsø  et  al.  2017; 


Viholainen et al. 2016). In addition, the theory lacks qualitative studies where the focus is 
 put on the energy production plans of municipalities and companies, to find out whether a 
 carbon  neutral  state  can  be  achieved  through  the  actions  of  the  actors  within  the  region. 


This  study  aims  to  answer  to  this  research  gap,  by  the  means  of  examining  the  plans  of 
municipalities  and  the  energy  companies  operating  within  the  region  of  South  Savo  and 
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interviewing  these  local  actors.  Therefore,  the  study  aims  to  answer  to  the  following 
 research question: 


RQ: How does local actors’ engagement contribute to pursuing carbon neutrality on 
 a regional level? 


In order to help answering this question by the means of reviewing existing literature about 
 the  topic,  by  analyzing  documents  from  the  local  actors  and  by  gathering  empirical 
 evidence, the following sub-questions were formulated:


SQ1:  What  are  the  perceived  driving  forces  and  challenges  for  low-carbon  energy 
 transition? 


SQ2: What are the preconditions of renewable energy on a regional level in South Savo?


SQ3: How are the local actors planning to further reduce their emissions? 


The objective of the main research question is to explore the level of engagement of the 
 local  actors  and  how  it  contributes  to  reaching  carbon  neutrality.  The  first  sub-question 
 aims  to  finding  out  what  are  the  drivers  and  barriers  for  the  transition,  and  will  be 
 answered  in  the  literature  review  section  of  this  study  and  with  the  help  of  the  semi-
 structured interviews. The goal of the second sub-question is to find out the current state of 
 energy production and consumption within the region. The aim of the third sub-question is 
 to identify what are the efforts being made in implementing low-carbon energy solutions in 
 South Savo. The following Table 1 shows which parts of the thesis aim to answer to each 
 research question. 


Table 1. Research questions 


Research questions  Literature 
 review 


Secondary 
 data: 


publications 


Primary 
 data: 


interviews 
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RQ: How does local actors’ 


engagement contribute to 
 pursuing carbon neutrality 


on 
 a regional level? 


x  x 


SQ1: What are the perceived 
 driving forces and existing 


challenges for low-carbon 
 energy 


transition? 


x  x 


SQ2: What are the 
 preconditions of renewable 
 energy on a regional level in 


South Savo? 


x  x  x 


SQ3: How are the local 
 actors planning to further 


reduce their emissions? 


x  x 



1.3  Scope and delimitations 


The  thesis  studied  the  contribution  of  local  actors  such  as  municipalities  and  energy 
companies  in  the  energy  transition  towards  low-carbon  solutions,  in  the  South  Savo 
province in Finland. The main goal of the qualitative case study was to find out how these 
local  actors’  engagement  can  affect  in  attaining  carbon  neutrality  within  the  region.  In 
addition, the goals of the case study also included finding and defining the most important 
driving forces and possible barriers for the energy transition. Moreover, by analyzing the 
secondary  data  and  executing  semi-structured  interviews,  the  goal  was  to  clarify  the 
current state and preconditions of energy production within the province, and what are the 
plans  and  strategies  to  further  reduce  emissions.  Thus,  the  scope  of  the  case  study  was 
focused on forming a general picture of energy transition in South Savo province, through 
a  wider  analysis  of  available  secondary  data,  and  through  a  more  detailed  analysis  by 
interviewing a few experts from the operators within the region. 
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The  thesis  does  not  cover  all  aspects  related  to  low-carbon  energy  transition.  One  major 
 delimitation that was set for the thesis was leaving out the transportation sector as emitter 
 and only focusing on the energy production and its role in energy transition towards low-
 carbon solutions and reduced emissions. This was done due to time limitations as well as in 
 order to delimit the topic in a more manageable frame. 



1.4  Structure of the study  


The structure of this study is described in Figure 1 below. The thesis constructs of six main 
 chapters, which can be divided in two different parts: theoretical part and empirical part. 


Figure 1. Thesis structure 


The  theoretical  part  consists  of  introduction,  literature  review,  and  the  theoretical 
framework for the study. The first step of this research was conducting a literature review, 
in order to identify the most important aspects and issues within the topic. The literature 
review’s purpose is to prove that in most cases, municipalities and cities on a regional level 
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are  in  a  key  position  in  cutting  the  emission  and  making  the  required  changes  in  the 
 transition towards carbon neutral future. Then from the basis of the literature review, the 
 theoretical framework for the research is represented. 


The empirical part consists of research methodology, findings of the study, discussion and 
 finally,  conclusions.  In  addition,  also  limitations  regarding  the  research  are  reviewed,  as 
 well  as  possible  future  studies  of  the  topic.  The  empirical  part  starts  with  research 
 methodology in chapter 3, in which study design, approach and strategy are presented.



1.5  Definitions 


Bioeconomy


“Bioeconomy” is an economy that relies on renewable natural resources to produce food, 
 energy,  products  and  services.  It  is  based  on  the  idea  that  an  economy  should  use  RES 
 instead  of  fossil  resources,  in  order  to  be  truly  sustainable.  In  the  face  of  environmental 
 pollution,  climate  change  and  biodiversity  loss,  the  concept  of  bioeconomy  has  gained 
 increasing  attention  globally.  Developing  biotechnologies  presents  potential  economic 
 opportunities, because bioeconomy will reduce the dependence on natural fossil resources, 
 prevent  biodiversity  loss  and  create  wealth  and  new  jobs,  which  are  in  line  with  the 
 principles of sustainable development. (Bosman & Rotmans 2016, 1-2) 


Carbon neutrality and zero carbon


Due to increasing concern with the impacts of anthropogenic carbon emissions, terms such 
 as ‘‘carbon neutral’’ and ‘‘zero carbon’’ have become more popular, driven by the efforts 
 to reduce carbon emissions. However, these terms remain very loosely defined (Kennedy 


& Sgouridis 2011, 5264). 


There  are  many  contradictory  definitions  of  carbon  neutrality,  most  of  which  mainly 
 focusing on carbon off-setting, which implies to reducing the negative impacts of human 
 activities  on  atmosphere  by  means  of  replacing  fossil  fuels  with  RE  or  planting  trees. 


Carbon neutrality can also be described as a situation where the net emissions associated 
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with an organisation’s operations or a product, are equal to zero through carbon offsets that 
 meet  the  criteria.  (Zuo  et  al.  2012,  279)  While  some  institutions  may  already  be  carbon 
 neutral, some are only starting a GHG emissions inventory and setting targets for emission 
 reduction (Rauch & Newman 2009, 108). Zero carbon, on the other hand, can be defined 
 as  a  situation  where  there  are  zero  CO2 net  emissions  from  all  energy  use  (Kennedy  & 


Sgouridis 2011, 5260).   


Carbon sinks


Forests  act  as  carbon  sinks,  when  the  carbon  stored  in  the  soil  and  vegetation  increases 
 from one year to the next. Thus, the size of the carbon sink is the same as the change in 
 carbon stock showing a net increase in CO2 in a forest in a given year. All harvests affect 
 the amount of carbon stored in the forests, since they decrease the growing stock of wood. 


When logging residues are not collected but left on site, the amount of carbon in the forest 
 soil  increases.  However,  the  residues  will  gradually  decay  and  cause  emissions  later  on. 


When logging residues and stumps are collected, they decrease the amount of carbon in the 
 soil, at least in short term. (Kallio et al. 2016, 55) 


Energy efficiency


Energy efficiency is described by the European Commission as the most effective way to 
 reduce  CO2  emissions,  improve  energy  supply  security,  increase  competitiveness  and 
 stimulate  the  development  of  new  energy-efficient  technologies.  Improving  energy 
 efficiency is regarded by the Commission as a key element in its energy policy. (Tuominen 
 et al. 2012, 48) 


Green innovations


Green  innovations  do  not  only  address  to  environmental  problems  such  as  reducing 
emissions  and  waste  but  are  also  expected  to  result  in  economic  advantages  for  the 
innovator,  such  as  competitive  advantage  and  operational  efficiencies  through  saving 
resources.  A  company’s  success  in  bringing  green  innovations  to  market  depends  its 
stakeholder management.  How the company deals with the impact of new technology on 
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its  primary  and  secondary  stakeholders  is  an  essential  success  factor  in  managing 
 innovation projects. (Fliaster & Kolloch, 2017, 2)  


Renewable energy sources (RES)


There  are  several  definitions  of  RES  in  the  literature.  RES  are  practically  inexhaustible 
 sources of energy obtained from the continuing or repetitive currents of energy occurring 
 in  the  natural  environment.  RES  include  technologies  such  as  wind  power,  solar  energy, 
 hydropower, tide and waves, geothermal heat and bioenergy. (Peura et al. 2018, 88; Peura 
 et  al.  2011,  930)  Bioenergy  covers  all  forms  of  biomass  including  biological  waste  and 
 liquid biofuels. The contribution of RE from heat pumps (HPs) is also covered for the EU 
 Member  States.  (Eurostat  2018)  RES  have  a  much  smaller  impact  on  the  environment 
 when compared to fossil fuels. RES contribute to energy security and independence from 
 external  factors  such  as  energy  imports.  They  are  more  flexible  compared  to  traditional 
 sources  of  energy,  and  help  creating  jobs  for  the  local  population.  (Karytsas  et  al.  2014, 
 480) 


Sustainable development


Sustainable  development  has  more  than  three  hundred  definitions  within  the  context  of 
 environmental management (Peura et al. 2018, 85). The most common definition must be 
 the  often-quoted  Brundtland  report,  which  defined  sustainable  development  as 
 development that meets the needs of the present without compromising the ability of future 
 generations  to  meet  their  own  needs  (Sauvé  et  al.  2016,  51).  Sustainable  development 
 consists  of  economic  and  social  aspects,  in  addition  to  environmental  protection. 


Sustainable development becomes a more concrete phenomenon when studying it on local 
 level in a specific context, e.g. energy production on regional level. (Väisänen et al. 2016)


Sustainable energy (SE)


The  concept  of  sustainable  energy  (SE)  directly  follows  from  the  concept  of  sustainable 
development. SE has become one of the key concepts in reforming the energy sector both 
globally and in the EU.  (Peura et al. 2018, 85) 
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2  LITERATURE REVIEW  


In order to gain an insight to the phenomenon, its current aspects and issues, a literature 
 review  of  relevant  researches  and  journal  articles  was  conducted.  The  literature  review 
 observes  the  topic  on  three  different  levels;  firstly  on  the  European  Union  (EU)  level, 
 secondly on a governmental level with its focus on Finland, and lastly on a regional level. 


In addition, the literature review seeks to identify the existing driving forces and possible 
 barriers for the energy system transition. 


First  part  of  the  literature  review  studies  the  premises  and  prerequisites  of  energy 
 production  and  RE.  The  second  part  is  focused  on  previous  literature  about  energy 
 transitions towards more sustainable solutions, its main focus on the Finnish energy sector. 


In addition, also the role of energy consumers and households in the transition is studied 
 briefly.  The  third  and  final  part  of  the  literature  review  aims  to  find  out  all  the  most 
 important  driving  forces  for  the  change  to  happen,  and  equally  the  possible  barriers  that 
 might affect the energy transition are listed.  



2.1  Premises and prerequisites 


Next, the current state of affairs regarding energy policies, energy production and RES are 
 described at different levels and perspectives. First, the focus is brought on the regulations 
 at EU level, which then affect to the national level, and so forth the national targets affect 
 the  regional  level.  At  the  national  level,  the  main  focus  is  put  on  the  state  of  energy 
 production in Finland. 


2.1.1  EU regulations 


All  over  the  EU,  efforts  are  being  made  to  obtain  GHG  emission  reduction  targets  that 
have been set for 2020 (Child & Breyer 2016b, 518).  The EU has adopted a precise target 
for the share of RE in the provision of gross final energy consumption, which was agreed 
upon in the context of the “EU climate and energy package”.  This energy package has also 
been  called  the  20-20-20  package.  The package includes a 20% reduction in GHG 
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emissions  compared  to  1990,  increasing  the  share  of  RE  in  the  EU's  final  energy 
 consumption to 20%, and a 20% improvement in the energy efficiency of the EU. (Knopf 
 et al. 2015, 50) These objectives were first set by EU leaders in 2007 and adopted in the 
 legislation  in  2009.  In  addition,  they  also  are  the  main  objectives  of  the  Europe  2020 
 strategy for smart, sustainable and inclusive growth. (Calanter 2018, 130)   


The EU is acting in many areas to reach its 2020 objectives (Calanter 2018, 139). The EU-
 wide  emissions  reduction  objective  is  meant  to  be  reached  by  the  means  of  national 
 reduction targets in each of the 28 Member States, and with the use of the EU Emissions 
 Trading Scheme (EU-ETS) (Fragkos et al. 2017, 218). The aforementioned EU-ETS is a 
 good example of the emission reduction objectives. The EU-ETS is the EU's main tool for 
 decreasing  GHG  emissions  from  large  combustion  plants  in  the  energy  sector,  industrial 
 sector and in the aviation sector. The ETS covers about 45% of the EU's GHG emissions. 


By 2020 the target for these sectors within the ETS system is, that the emissions will be 
 21% lower compared to year 2005. (Calanter, 2018, 130)  


There  are  also  national  targets  for  emission  reduction.  These  objectives  are  related  to 
 sectors which are non-EU-ETS and account for approximately 55% of total EU emissions. 


This  covers  sectors  such  as  housing,  agriculture,  waste  and  transport.  The  targets  set  for 
 2020  to  reduce  emissions  are  binding  in  these  sectors.  The  objectives,  however,  differ 
 depending on the level of development of a country. The range varies from a 20% decrease 
 for  the  most  developed  countries,  up  to  a  maximum  of  20%  increase  for  the  least 
 developed countries, when the latter also need to make sustained efforts for reducing their 
 emissions.  The  progress  in  the  reductions  is  monitored  by  the  European  Commission 
 yearly,  with  every  country  being  obliged  to  report  its  emissions.  (Calanter  2018,  130) 
 Moreover, as Knopf et al. (2015) state, the EU Council’s conclusions have defined an “at 
 least”  27%  RE  target,  which  implies  that  a  higher  than  20%  target  might  be  possible  if 
 individual Member States set their own national goals higher.  


In November 2016, the European Commission adopted a legislative proposal for a recast of 
the Renewable Energy Directive (RED II). The European Parliament and the EU Council 
proposed changes, and a final compromise deal was agreed on 14th of June 2018. In RED 



(18)14 


II,  the  overall  EU  target  for  RES  consumption  by  2030  was  raised  to  32%  from  the 
 originally proposed 27%.   (ICCT 2018, 1-2) 


As Pilpola and Lund (2018) discuss in their research, the national energy systems are under 
 constantly  increasing  political  pressure  to  meet  the  stricter  climate  mitigation  targets.  In 
 December  2015,  in  the  Paris  Conference  of  Parties  (COP21),  the  Paris  Agreement  was 
 reached  by  195  member  nations.  The  Paris  Agreement’s  purpose  is  to  combat  climate 
 change through actions and investments towards a low-carbon, sustainable future. (Fragkos 
 et. al, 2017, 216) The Agreement and the outcomes of the COP21 cover really important 
 areas such as rapid emission reduction, and limiting global warming (Fragkos et al. 2017, 
 216;  Pilpola  &  Lund  2018,  323)  Within  the  EU,  the  Intended  Nationally  Determined 
 Contribution  (INDC)  is  based  on  long-term  climate  policy  vision.  This  long-term 
 perspective is crucial because it makes longer time frame assessment possible, especially 
 when  taking  into  consideration  the  consistency  with  the  temperature  objective  of  the 
 United  Nation’s  (UN)  Paris  Agreement  (Fragkos  et.  al.  2017,  218).  The  Agreement 
 includes  the  target  of  limiting  global  warming  to  only  1.5°C  above  pre-industrial  levels 
 (Seneviratne et al. 2018, 41). 


The European Commission is examining economically efficient methods to transform the 
 European economy into a "clean" economy, which consumes less energy  (Calanter 2018, 
 131).  The  EU  is  committed  to  increasing  the  use  of  RES,  and  various  policy  goals  have 
 been  set  (Varho  et  al.  2016;  130,  Sutherland  &  Holstead  2014,  102)  Besides  the  2020 
 targets, the EU is committed to decreasing its GHG emissions by 80–95% from the 1990 
 level by 2050, as suggested in the low-carbon economy roadmap, called Energy roadmap 
 2050  (Calanter  2018,  131;  Claudelin  et  al.  2017,  2).  For  reaching  this  target,  the 
 intermediate points are emission reduction by 40% by 2030, and 60% by 2040 (Calanter 
 2018, 131). Moreover, besides further reducing GHG emissions, the EU’s aim is to raise its 
 energy security (Sutherland & Holstead 2014, 102).  


As  the  EU  plans  to  cut  its  GHG  emissions  by  80–95%  by  2050,  there  are  several 
decarbonization options for reaching this target. These options include RE, nuclear power, 
and energy efficiency. (Pilpola & Lund 2018, 323) RES are carbon-free, and thereby have 
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huge potential to contribute to CO2 emissions reductions as replacements for fossil fuels. 


They also help to decrease EU’s dependence on imported energy sources. (Vass 2017, 164) 
 According to Vass (2017) RES still are comparatively costly. In 2016, the share of energy 
 from RES in gross final consumption of energy reached 17% in the EU. This is double the 
 share  of  8.5%  back  in  2004,  which  is  first  year  for  available  data.  Among  the  28  EU 
 Member States, 11 had reached their national target levels for 2020 already in 2016. These 
 countries  are  Sweden,  Bulgaria,  the  Czech  Republic,  Denmark,  Estonia,  Croatia,  Italy, 
 Lithuania, Hungary, Romania and Finland. (Eurostat 2018) 


In the future, the cost of renewables is expected to drop due to development of technology, 
 which  is  driven  particularly  by  government  policy  to  reduce  emissions.  Particularly  the 
 costs of solar PV are reducing continuously, as a result of falling manufacturing costs and 
 competition in the market. For example, in the UK solar PV costs fell by 40% during year 
 2016. European countries are also promoting renewables by supporting them with different 
 schemes  such  as  feed-in  tariffs  and  green  certificate  schemes.  (Vass  2017,  169)  The  EU 
 also has different investment support systems for RE and helps by financing innovations. 


The EU supports the development of low-carbon technologies, for example by its NER300 
 program meant for renewable energy technologies (RET) and carbon capture and storage 
 (CCS).  Another  example  is  EU’s  funding  of  the  Horizon  2020  programme,  meant  for 
 research and innovation. (Calanter 2018, 130) These support systems also differ between 
 EU’s Member States (Varho et al. 2016, 31). 


Several  studies  have  investigated  the  role  of  bioenergy  within  EU’s  energy  policy.  As 
 forests act as a significant storage for carbon, they are also a source of carbon. (Pilpola & 


Lund 2018, 324) The European Commission’s renewed RED II provides a framework for 
the sustainability of biomass. The RED II introduces new sustainability criteria for biofuels 
and bioenergy for raw materials obtained from forests. The Directive orders that harvesting 
takes place with legal permits, that the harvesting levels do not exceed the growth rate of 
the forest, and that forest regeneration takes place. (ICCT 2018, 5) As the Paris Agreement 
focuses on NDCs and reaching carbon neutrality by 2050, it pushes particularly forests into 
a key role in meeting these climate targets. This is because forests serve as potential sinks 
in  many  countries,  and  emission  reductions  could  also  be  made  from  decreased 
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 deforestation. (Krug 2018, 7)   


The EU Commission is pledged in ensuring that the biomass used in bioenergy production 
 continues  to  be  sustainable  and  that  it  provides  significant  GHG  emission  reductions. 


When compared with fossil fuels, the bioenergy has to be produced so that does not cause 
 deforestation or loss of biodiversity. Moreover, the biomass needs to be transformed into 
 energy  with  cogeneration  technologies,  combined  electricity  and  heat.  RED  II  promotes 
 efficient use of resources and strengthens EU’s criteria on bioenergy sustainability. For the 
 post-2020  period,  the  directive  includes  four  new  specific  requirements.  These 
 requirements include: 


• Advanced biofuels will emit at least 70% less GHG emissions compared to fossil 
 fuels 


• A  new  sustainability  criterion  on  forestry  biomass  used  in  the  field  of  energy  to 
 reduce the risk of overheating 


• A requirement to reduce GHG emissions by 80% for heat and electricity produced 
 by biomass and biogas 


• A  requirement  that  electricity  from  biomass  should  be  produced  using  combined 
 technologies  for  the  production  of  high-efficiency  electric  and  thermal  energy. 


(Calanter 2018, 133)  


The results of the study by Fragkos et al. (2017) indicate, that the EU energy sector will 
 have transformation challenges ahead of it. This is mostly due to ageing infrastructure, e.g. 


old power plants and low energy efficiency in buildings, as well as energy supply security. 


The  implementation  of  the  energy  transition  will  have  effects  on  the  EU  INDC 
 achievements  and  to  the  ambitious  long-term  decarbonisation  targets.  Therefore,  the  EU 
 policy design has to figure out the right balance between investments in the energy system 
 update and investments related to other climate-policies. In addition, it has to ensure the 
 support  of  research  and  development  (R&D),  as  well  as  the  technological  development. 


This needs to be done in order to guarantee cost reduction for clean energy technologies 
 and the cost-effective implementation of the EU INDC. (Fragkos et al. 2017, 225) 


When it comes to biofuels and bioenergy, the resources acquired from forest must comply 
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with  requirements  and  principles  included  in  the  EU’s  Land  Use,  Land  Use  Change  and 
 Forestry  (LULUCF).  Especially,  the  country  where  the  biomass  feedstock  comes  from 
 must  have  signed  the  Paris  Agreement  and  submitted  a  NDC  to  the  UN’s  Framework 
 Convention  on  Climate  Change  (UNFCCC).  In  addition,  the  country  must  be  covering 
 emissions  and  removals  from  LULUCF  sector  and  show  that  emissions  do  not  surpass 
 forest cuttings. Countries also need to have a national system for accounting emissions and 
 removals from LULUCF sector, and this accounting system must follow the requirements 
 in  the  Paris  Agreement.  The  EU  Commission  will  define  specific  implementation 
 guidelines by 31 January 2021. (ICCT 2018) As Krug (2018) states, it is solely up to the 
 Member  States  to  create  incentives  within  their  own  NDCs.  This  creates  additional 
 responsibility on the international community, since the integrity of the NDCs needs to be 
 monitored and guaranteed. (Krug 2018, 11)  


2.1.2  Energy production and goals in Finland  


Simultaneously, as what is happening on the EU level, various nations are looking beyond 
 the  year  2020  and  exploring  the  roles  of  many  RET  within  their  own  energy  systems 
 (Child  &  Breyer  2016b,  518).  Within  the  EU  countries,  Finland  tops  the  use  of  RES 
 together  with  Sweden,  Latvia  and  Austria  (Haukkala  2015,  53).  It  is  one  of  the  most 
 successful  Member  States  in  reaching  the  2020's  energy  targets,  with  over  30%  RES  in 
 final energy consumption already in 2012 (Zakeri et al. 2015, 244). In 2016 the primary 
 energy consumption (PEC) in Finland reached to 381 TWh, which was 2% less than 2011, 
 and the use of RES increased by 5%. Carbon emissions totalled 46.6 Mt, which was the 
 lowest since 1990. (Zakeri et al. 2015, 244, 248) 


As Finland is located in the Northern part of the EU, it is characterized by its cold Nordic 
 climate, where the demand for energy services is high due to the needs of an industrious 
 society (Child & Breyer 2016, 518, Pilpola & Lund 2018, 324). Finland has a very energy-
 intensive  industry  not  only  due  to  the  coldness,  but  also  because  it  is  a  thinly  populated 
 country  with  a  fragmented  regional  structure,  and  therefore  the  energy  consumption  per 
 capita has been one of the highest among industrial countries (Haukkala 2015, 53; Pilpola 


& Lund 2018, 324) Fuel combustion for energy is the main source of GHG emissions in 
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Finland. In 2010, 81% of total emissions consisted of it. (Kallio et al. 2016, 54) The shares 
 of different energy sources in total energy consumption are represented in Figure 2.  


Figure 2. The total energy consumption by different energy sources. Adapted from Tilastokeskus (2018) 


In  the  Nordic  countries,  biomass,  hydropower  and  wind  power  are  envisioned  as  key 
 pillars  for  CO2  mitigation  (Pilpola  &  Lund  2018,  323).  At  the  moment,  wood-based 
 biomass  is  the  main  source  of  RE  in  Finland,  as  Finland  has  long  traditions  of  using 
 bioenergy  in  combined  heat  and  power  (CHP)  and  heat  production  (Haukkala  2015,  53; 


Holma et al. 2018, 1433; Pilpola & Lund 2018 324). The reason for this is explained by the 
huge  and  still  increasing  forestry  resource,  since  Finland  actually  is  the  most  forested 
country  in  the  whole  Europe  (Pilpola  &  Lund  2018,  324;  Child  &  Breyer  2016b,  519). 
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Biomass  is  primarily  produced  in  the  pulp  and  paper  industry,  and  further  used  for 
 industrial  heat  production  for  example  (Haukkala  2015,  53).  Simultaneously,  bioenergy 
 made  from  agricultural  residues  has  large,  nearly  untapped  potential  (Child  &  Breyer 
 2016b,  519).  However,  as  Holma  et  al.  (2018)  claim,  in  the  future  the  use  of  other  RES 
 such as wind power, liquid biofuels and HPs, will grow. 


Finland's  Energy  and  Environmental  Policy  has  underlined  fossil  fuel  consumption  and 
 energy  imports  as  events  that  need  to  be  mitigated  with  new  decarbonized  energy 
 production. (Zakeri et al. 2015, 244) While the EU has set the RES target for 38% by 2020 
 for Finland, the share of energy from RES in gross final energy consumption was already 
 38.7%  in  2016  (Holma  et  al.  2018,  1433;  Eurostat  2018)  Though  the  target  has  already 
 been reached, further increase in the share of RES beyond the target has attracted a broad 
 attention in common energy debate (Zakeri et al. 2015, 244). Furthermore, Finland follows 
 the EU goals to decrease the GHG emissions by 80–95% by 2050, compared to 1990 levels 
 (Pilpola & Lund 2018, 324). 


Since November 2016, the Finnish government policy on climate and energy has set very 
 ambitious goals by 2030:


• Share of renewable energy in final consumption to be increased to 50%;


• Self-sufficiency of final consumption to be increased to 55%;


• Share of renewable transport fuels to be raised to 40%;


• Coal will no longer be used in energy production;


• Use of imported oil for the domestic needs will be cut by half. 


(Pilpola & Lund 2018, 324)  


Finland  hasn’t  set  any  obligations  or  binding  recommendations  for  power  companies  to 
promote energy production from RES. In environmental law, incentives are often divided 
into tax-based, economic, volunteer-based, or eco-labeling. Finland has primarily used tax 
incentives  to  promote  wind  energy  and  other  RES  until  2010.  (Jung  et  al.  2016,  214) 
Finland also has feed-in-tariff system of 83.5 €/MWh, meant for energy production from 
RES such as wind, biogas, and wood fuel. However, solar energy is currently excluded in 
the  Finnish  feed-in-tariff  system.  (Dahal  et  al.  2017,  8)  Additionally,  small-scale  RE 
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investments can be supported by a state grant in Finland, but they are only accessible for 
 companies,  municipalities,  associations  etcetera,  and  not  individuals  (Varho  et  al.  2016, 
 31).  


2.1.3  Regional level 


Even though the energy system transition is a global challenge, energy policies, tools and 
 instruments supporting the change have been widely studied on a regional level. Multiple 
 researches  have  shown,  that  justified  methods  for  improving  regional  sustainability  are 
 frequently related to both efficient energy use and exploitable local energy resources, the 
 key element being renewable resources in the energy system transition. Therefore, actions 
 taken for increasing the share of RE in the energy supply and improving both production 
 and  end-use  energy  efficiency,  are  often  built  into  the  regional  sustainability  targets. 


(Viholainen et al. 2016, 295-296) 


According to Viholainen et al. (2016), many regional operators are going through a phase, 
 where their former roles either as energy producers, distributors or consumers have started 
 to mix together and become more complicated. An example of development like that is the 
 growing  number  of  private  companies  and  individual  households  that  can  also  act  as 
 energy producers themselves. Viholainen et al. (2016) claim, that even though this might 
 create additional challenges for energy planning, it can also open new business possibilities 
 in energy services and remarkably affect to the energy efficiency on a regional level and is 
 a step towards sustainable development. (Viholainen et al. 2016, 296)  


For  villages  and  small  regions,  implementing  RES  usually  generates  positive  impacts, 
because  it  means  mobilization  of  unused,  available  resources,  and  a  decrease  in  money 
flowing  outwards  of  the  region  from  importing  fossil  fuels  (Okkonen  &  Lehtonen  2017, 
103).  The  most  powerful  driver  for  sustainable  energy  (SE),  in  addition  to  the  potential 
regional  economic  impacts,  is  the  impact  it  can  have  on  employment  (Peura  et  al.  2018, 
85).  Peura  et  al.  (2018)  state  in  their  work  that  it  has  been  repeatedly  claimed  that  RES 
generates  more  jobs  than  conventional  energy  production.  The  presumption  is,  that  by 
creating  regional  self-sufficiency,  all  the  money  could  be  kept  within  the  region  and  its 
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RES-based  value  chains  (Peura  et  al.  2018,  94).  In  Finland  this  could  be  most  easily 
 achieved by promoting the use of bioenergy, since wind power for example is commonly 
 produced  by  big,  international  enterprises  that  export  the  profits  outside  the  regions. 


Therefore, the total impact RES generates always depends on the scale, because normally 
 big  scale  capital-intensive  wind  power  creates  more  employment  abroad  within  big 
 manufacturing  organizations,  rather  than  providing  jobs  inside  the  region.  (Peura  et  al. 


2018, 95) 


The  most  significant  role  for  increasing  RES  will  be  by  forest  biomass,  which  is  mostly 
 utilised in communities’ CHP plants and the forest industry (Laihanen et al. 2016, 89). In 
 general,  local  energy  production  can  create  important  socioeconomic  benefits  for  small 
 industrial  towns  and  rural  communities,  which  are  struggling  with  economic  challenges 
 such  as  retaining  population  (Okkonen  &  Lehtonen  2017,  103).  The  positive  impacts, 
 which were clearly seen in the results of the research by Peura et al. (2018), also included 
 more  efficient  use  of  existing  machinery  in  forestry  and  agriculture,  particularly  when 
 utilizing bioenergy (Peura et al. 2018, 95). 


The results of a study by Peura et al. (2011) refer that a majority of rural areas in Finland 
 have  the  potential  of  becoming  self-sufficient  in  energy  production  through  bioenergy, 
 but also  other  RES  like  solar  power,  will  have  a  bigger  role  in  the  future.  This  stands 
 particularly for areas right outside the largest population centres and most energy intensive 
 industries, but in outer regions the RE potential exceeds the energy demand greatly, which 
 means that in outer areas the spatial coverage of energy self-sufficiency is vast. (Peura et 
 al. 2011, 927) In addition, as Damsø et al. (2017) state, municipalities need to ensure that 
 their system development is sustainable in long-term, while aiming to meet their targets. 


This  will  require  a  high  degree  of  coordination  and  cooperation  between  various  local 
 actors and transboundary issues such as biomass utilization (Damsø et al. 2017, 412). 


Also  within  individual  cities,  climate  change  and  urban  development  have  received 
spreading attention, spurring a wide range of low-carbon initiatives during the past decade 
(Kramers  et  al.  2013,  1276).  According  to  a  research  by  Dahal  et  al.  (2017),  cities  are 
responsible for generating 60–70% of the global GHG emissions currently. Due to national 
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and international political agreements like the Paris Agreement, cities around the globe are 
 bound to reducing their GHG emissions. (Dahal et al. 2017, 2) For instance in Sweden, the 
 city  of  Stockholm  has  declared  an  aim  to  be  free  from  fossil  fuels  by  2050,  while  in 
 Denmark  Copenhagen  has  set  an  ambitious  target  of  being  carbon-neutral  by  2025 
 (Kramers et al. 2013, 1276). In many other countries too, cities are recognizing the means 
 of cleaner production and sustainable consumption of their local energy resources, in order 
 to  tackle  the  climate  change  and  ensuring  energy  security  of  their  regions  (Dahal  et  al. 


2017, 1).  


2.1.4  Energy balance of South Savo 


Energy wood consumption in Finland has increased a lot since the early 2000s (Mynttinen 
 et  al.  2014,  41).  When  comparing  energy  balances  of  different  regions  in  Finland,  the 
 different  features  and  industrial  structures  of  the  regions  must  be  taken  into  account, 
 because these factors define the energy usage  (Karttunen et al. 2017, 11-12). In terms of 
 wood resources, the region of South Savo is one of the richest in Finland, and it is actively 
 increasing its energy wood production and use. (Mynttinen et al. 2014, 41) The remarkable 
 forest supplies give many opportunities to exploit bioenergy in the energy production for 
 communities (Karttunen et al. 2017, 11-12). 


 In  a  report  about  Finnish  forest  industry  in  South  Savo  region,  Karttunen  et  al.  (2017) 
 review the findings of their project and the future visions for 2020. With regional energy 
 balances, the current situation of energy usage of primary energy sources can be reviewed. 


By knowing the current situation, it is possible to estimate the exploitation and sufficiency 
 of  local  resources,  and  to  evaluate  the  possibility  of  replacing  fossil  fuels  with  RES.  By 
 increasing the use of local RES, the energy self-sufficiency of South Savo can be improved 
 and  new  regional  sources  of  livelihood  created.   The  big  power  plants  of  South  Savo 
 mainly  use  domestic  wood  fuels,  and  also  the  smaller  heating  plants  of  the  local 
 communities  have  decreased  their  dependency  of  oil  by  replacing  it  with  wood  fuels. 


(Karttunen et al. 2017, 11-12) The following Table 2 demonstrates the energy consumption 
among some of the cities and municipalities within the province.
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Table 2. Biggest and smallest energy consumers in South Savo. Adapted from Karttunen et al. (2017, 43) 


Energy consumption in 2015 


Mikkeli  2560 GWh 


Biggest energy consumers  Savonlinna  1610 GWh


Pieksämäki  690 GWh 


Smallest energy users 


Sulkava 
 Enonkoski 


120 GWh 
 50 GWh 
 Total energy consumption of 


primary energy in South Savo 


7035 GWh 


From the used RES in 2015, the most significant ones were solid by-products of the forest 
 industry with 1176 GWh, firewood with 840 GWh and wood chips with 827 GWh. Every 
 municipality in South Savo currently has some sort of district heating network, and wood 
 fuels are widely exploited in heat production and CHP production. (Karttunen et al. 2017, 
 41, 43) In 2012 within South Savo’s heat and power plants, about 47% of their total energy 
 consumption constituted of wood-based energy sources (Mynttinen et al. 2014, 43). As a 
 result  to  their  study,  Mynttinen  et  al.  (2014)  found  out  that  there  is  a  growing  need  for 
 wood  energy  and  considerable  potential  in  the  region  of  South  Savo  in  Finland,  and  it 
 should be possible to remarkably increase the production and the use of energy wood in the 
 region in the future, either for local consumption or as a national reserve of energy wood. 


In Figure 3, the different shares of RES in South Savo are visualized. 
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Figure 3. The share of different RES in South Savo in 2015. Adapted from Karttunen et al. (2017) 



2.2  Low-carbon energy transition 


Next,  the  energy  system  transition  phenomenon  is  reviewed.  The  ongoing  transition  in 
Finland is viewed from the perspective of different forms of RE, and what is their role in 
the Finnish energy balance now and in the future. Moreover, the role of energy consumers 
and  households  is  reviewed,  since  house-builders  and  owners  can  contribute  to  energy 
transition by the means of what decisions they make regarding energy options, including 
electricity and heating. 
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 2.2.1  Energy system transition 


Large technical systems, such as energy systems, are so intertwined with many aspects of 
 social  life,  where  change  cannot  happen  in  one  sphere  without  the  other.  Thus,  energy 
 systems can be quite resistant to change, due to e.g. existing norms and ideologies. (Child 


& Breyer 2017, 18) As Bosman and Rotmans (2016) describe, a transition is a fundamental 
 change in structure, culture and practices of a societal system or a subsystem. Transition is 
 the  result  of  a  co-evolution  of  economic,  technological,  institutional,  cultural  and 
 ecological developments at different scales. Transitions are long-term and can take up to 
 25–50 years, and they are extremely complex, including a range of different domains and 
 stakeholders. Present-day transitions are often related to sustainability targets, their goal to 
 solve  pressings  issues  the  modern  societies  are  facing.  Usually,  fundamental  change 
 processes  such  as  transitions  might  be  highly  challenging,  involving  a  variety  of  actors 
 across  different  domains.  (Bosman  &  Rotmans  2016,  3)  Thus,  as  Bosman  and  Rotmans 
 (2016) state, with transitions it will most likely take decades to reach a new dynamically 
 stable equilibrium.   


The establishment of RE production has been a subject of notable academic interest in the 
 past  years.  The  attention  has  mainly  been  focused  on  industry-level  energy  transitions, 
 public perceptions, governance and the potential for community involvement. (Sutherland 


& Holstead 2014, 103) The implementation of RES-based energy management systems on 
 a bigger scale will require practical changes, and in most cases, an overall transition from 
 fossil fuels to new raw materials and technical solutions. The emergence of new systems 
 will  be  a  long-term  process,  since  they  will  most  likely  differ  a  lot  from  the  prevailing 
 centralized  systems.  (Peura  et  al.  2011,  940)  From  a  fossil  fuel-based  energy  system 
 transition  to  a  RES-based  system,  increasing  the  volume  of  RE  will  produce  different 
 demands for integration of the system and increased decentralization (Damsø et al. 2017, 
 412). For the implementation of RE, also the technological progress is an important point 
 (Horschig  &  Thrän,  2017,  11).   Moreover,  the  suitable  transition  of  the  present  energy 
 systems is often considered from sustainability perspective (Viholainen et al. 2016, 295). 


As  Viholainen  et  al.  (2016)  state,  a  sustainable  system  has  to  be  able  to  ensure  that  the 
required  economic,  social  and  ecological  resources  are  available  also  for  future 
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 generations.  


Energy transition to low-carbon or reaching carbon neutrality requires energy production 
 to  shift  towards  cleaner  energy  sources.  (Dahal  et  al.  2017,  2;  Knopf  et  al.  2014, 
 12).  Depending on which target is adopted, e.g zero carbon or carbon neutral, it affects the 
 strategy for emission management. If the target is zero carbon, emissions will have to be 
 cut completely, which in turn can inspire significant innovation in technology. (Damsø et 
 al.  2017,  412)  Conversely,  a  carbon  neutrality  target  allows  for  offsetting  or  balancing 
 emissions, which according to Damsø et al. (2017) naturally reduces the requirements for 
 system  changes.  In  addition,  energy  transition  is  also  dependent  on  the  geographic 
 circumstances that cause the niche to evolve, and to be incorporated into the systems and 
 landscape variations. (Dahal et al. 2017, 2) 


Such  transformative  changes  require  both  radical  and  incremental  innovation,  and  the 
 changes usually take decades. In incremental innovations the focus is on doing things more 
 efficiently,  but  radical  innovations  are  about  doing  things  totally  differently.  Radical 
 innovations  are  about  system  innovations,  thereby  transitions.  Nonetheless,  as  transitions 
 are highly contested societal processes, they often involve challenging the status quo and 
 therefore can encounter severe resistance from different stakeholders with vested interests. 


(Bosman & Rotmans, 2016, 2) As Peura et al. (2011) state, in the process of the acceptance 
 and diffusion of any new innovation, several thresholds and obstacles need to be overcome 
 first (Peura et al. 2011, 940).  


2.2.2  Energy sector in Finland 


The Finnish energy system is currently at a crossroads in consequence of an aging power 
generation system, differing opinions about low-carbon energy production, responsibilities 
concerning  climate  change  mitigation,  changing  energy  prices  and  targets  concerning 
national  energy  security  (Child  et  al.  2017,  1).   In  Finland,  almost  70%  of  the  primary 
energy  is  imported,  due  to  an  absence  of  domestic  fossil  fuel  resources.  This,  however, 
poses a risk for Finland’s energy security. Therefore, a key pillar in the energy policy is 
domestic  forest-based  bioenergy.  (Pilpola  &  Lund  2018,  324)  According  to  Pilpola  and 
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Lund  (2018),  Finland's  decision  to  support  such  traditional  low-carbon  energy  can  be 
 characterized  as  a  conservative  energy  transition.  They  claim,  that  as  this  decision  may 
 provide one option for climate change mitigation, it’s still in short-term and not completely 
 risk-free. (Pilpola & Lund 2018, 324) Moreover, in Finland the goal is both to maintain a 
 competitive industrial sector, as well as to meet the needs of future generations (Child et al. 


2017, 1).  


There  are  regional  differences  in  the  exploitability  of  different  RES  in  Finland.  The 
 geography  represents  a  challenge  to  high  levels  of  solar  PV  and  wind  power  due  to  the 
 seasonal  variations,  especially  with  solar  power,  which  has  most  potential  in  Southern 
 Finland (Child & Breyer 2016a, 26; Peura et al. 2011, 937). Moreover, while there are high 
 amounts of solar irradiation during the summer months, it is the complete opposite during 
 winter  months.  Furthermore,  there  is  also  clear  variation  for  both  onshore  and  offshore 
 wind  power,  with  more  energy  produced  during  winter.  (Child  &  Breyer  2016a,  26) 
 Naturally, during long and dark Finnish winters the need for heat and electricity is higher 
 on the demand side. It has always been a significant task to find the required flexibility in 
 the Finnish energy system. (Child & Breyer 2016a, 26) As Child and Breyer state (2016a), 
 also the need for energy storage solutions (ESS) seems obvious in a future energy system, 
 which is based on high shares of RE. According to them, the extreme situation of Finland 
 could then serve as a model for other countries at high latitudes, on how RE generation can 
 play a role in a highly developed and industrious society (Child & Breyer 2016a, 26). 


Finland  also  differs  from  most  of  the  EU  countries  by  having  a  much  lower  natural  gas 
 share.  In  year  2014,  nuclear  power  dominated  by  a  27%  share  in  electricity,  which  was 
 followed  by  a  26%  share  of  CHP,  and  hydropower  with  16%  share.  Imported  electricity 
 had a 22% share within primary energy sources. On the energy consumption side within 
 the same year, 45% of energy went to industry, over half of which went to forest industry 
 alone, 26% to space heating, and 17% to transport. (Pilpola & Lund 2018, 324) In Finland, 
 heat production is more distributed than electricity production. In residential buildings, the 
 small-scale  use  of  wood  accounts  for  one  fourth  of  the  heating.  Especially  HPs  have 
 quickly gained popularity, with over 60 000 units sold annually. According to Varho et al. 


(2016)  in  2010-2012  HPs  accounted  for  approximately  4%  of  all  space  heating,  and  the 
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capacity of HPs is much higher than the capacity of solar panels or solar heat collectors. 


(Varho et. al, 2016, 31, 36) 


The research of Child & Breyer (2016b) studies and analyzes future re-carbonized energy 
 system scenarios in Finland, based on RE. As a re-carbonized energy system, they defined 
 one,  which  seeks  to  replace  fossil-based  carbon  completely.  The  results  of  the  study 
 showed that out of all of their scenarios, one scenario called the Basic 100% RE, had the 
 lowest overall cost at 24.1 b€/a. (Child & Breyer 2016b) Based on the assumptions made 
 in their analysis, Child and Breyer (2016b) suggest that an energy system based on 100% 


RE  is  possible  for  Finland  to  achieve  by  2050.  It  also  is  a  cost-competitive  option, 
 compared  to  their  other  scenarios  featuring  variable  shares  of  nuclear  power.  Moreover, 
 with a 100% RE energy system a high level of energy self-sufficiency could be reached. 


The  results  of  the  study  also  suggested  that  re-carbonized  energy  scenarios  should 
 essentially lead in zero GHG emissions in the future (Child & Breyer, 2016b).  


Bioenergy 


Finland is a country with a highly variable climate, which causes geographical differences 
 in  forest  productivity  and  structure  (Hynynen  et  al.  2015,  417).  60%  of  the  country  is 
 covered by forest, and the availability of bio-based resources plays a key role in Finland. 


The large supply of biomass is an obvious strength and has led to the strong presence of 
 forestry and other related industries. (Bosman & Rotmans 2016, 1,7) Thus, Finland is one 
 of the leading countries in using biomass for energy production and increasing the use of 
 wood energy also plays an important role in the low-carbon pathways for Finland (Kallio 
 et. al, 2016, 46; Zakeri et al. 2015, 248). 


In 2012, 25% of total energy consumption consisted of bioenergy, with an amount of 92 
TWh (Zakeri et al. 2015, 248). In the second quarter of 2018, bioenergy still accounted for 
25% (Tilastokeskus 2018). The role of domestic wood as raw material is very remarkable, 
since  over  the  past  decade  the  total  annual  consumption  of  wood  and  biomass  has  been 
about  70  million  m3,  which  is  equivalent  to  85–90%  of  the  total  annual  consumption 
(Hynynen et al. 2015, 416). There are strong links between the forestry and energy 
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industry,  since  forest  industry  is  accountable  of  almost  70%  of  RE  produced  in  Finland, 
 although it often is in the form of traditional biomass. Moreover, four out of the top ten 
 Finnish export products are related to forestry. (Bosman & Rotmans 2016, 7)  


Assessing  the  potential  of  and  alternatives  for  biomass  production  has  become  of  the 
 uttermost importance (Hynynen et al. 2015, 416). Zakeri et al. (2015) state in their study, 
 that the future of bioenergy is strongly correlated to forest-based industries’ status and the 
 use  of  forest-based  biomass,  since  80%  of  wood-based  bioenergy  is  produced  and 
 consumed within forest industry itself.  For increasing the use of bioenergy in the future, 
 the most potential resources will be forest chips, biogas from biowaste and energy crops, 
 and second-generation biofuels refined from woody biomass. The realization of the 2020’s 
 targets  depends  on  many  different  aspects,  including  carbon  and  fossil  fuel  prices, 
 stumpage  and  chip  prices,  and  subsidies  for  the  use  of  forest  chips  in  small-scale  CHP 
 plants  (Zakeri  et  al.  2015,  248-249).  In  addition,  as  Hynynen  et  al.  (2015)  state,  even 
 though domestic wood and biomass resources are currently plentiful, the challenge still is 
 to improve raw material availability and the cost-efficiency of wood biomass supply. 


Demands  for  forest-based  energy  and  biodiversity  protection  are  often  considered  to  be 
 conflicting, and meeting both targets is a challenge (den Herder et al. 2017, 54). Burning 
 forest  chips  or  roundwood  as  fuels  causes  immediate  GHG  emissions,  and  this  is  also 
 observed as a reduction in forest carbon stocks. However, such reductions stay temporary 
 when  the  forests  are  managed  in  a  sustainable  manner.  There  are  various  dynamic 
 mechanisms used in determining the extent, and when the same amount of carbon will be 
 recaptured  in  forests.  In  general,  the  concept  of  carbon  debt  refers  to  the  time  between 
 when  the  biomass  is  harvested  until  the  amount  of  the  harvested  biomass  has  regrown. 


(Kallio et al. 2013, 403) In terms of carbon neutrality, boreal forests have relatively long 
 rotation  periods,  typically  varying  between  60  to  100  years,  meaning  that  after  the  final 
 felling it still takes decades for temporal carbon neutrality to be achieved. (Pilpola & Lund 
 2018, 325) 


In  Finland,  the  forests  work  as  a  rather  important  carbon  sink.  However,  due  to  the 
variations in the annual wood harvests, the size of the forest sinks has varied notably.  On a 
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study by Kallio et al. (2016), they based their analysis on six different Low Carbon Finland 
 2050  (LCF)  scenarios.  In  their  LCF  scenarios,  wood  was  considered  as  a  completely 
 carbon neutral fuel, so using it for energy production was a practical and economical way 
 to change the Finnish society and energy system to be less carbon intensive. The results of 
 Kallio  et  al.  (2016)  suggest,  that  despite  considerably  increasing  the  use  of  wood  for 
 bioenergy,  Finland’s  carbon  balance  in  full  carbon  accounting  might  become  negative 
 already before 2040, thanks to the forest sinks which are still increasing as well.  


Hydropower 


Hydropower  has  an  important  role  in  Finland,  since  up  to  20%  of  end-user  electricity 
 consumption  can  be  supplied  by  hydropower  (Child  et  al.  2017,  19).  There  are 
 approximately  200  hydropower  plants  in  Finland,  including  run-of-the-river  plants  with 
 limited reserve capacity. Hydropower capacity is currently fully exploited in Finland, since 
 potential  sites  for  new  plants  are  under  environmental  protection.  The  level  of  water 
 resources  is  one  of  the  key  factors  in  Nordic  electricity  market  prices,  which  vary 
 remarkably  year-to-year  in  Finland.  According  to  Zakeri  et  al.  (2015),  while  there  is  no 
 estimation for significant changes in hydropower capacity in the future in Finland, small 
 hydro  plants  could  still  be  promoted  with  less  strict  environmental  laws.  The  realized 
 techno-economic  potential  for  hydropower  is  approximately  940  MW.  Still,  it  must  be 
 noted that 460 MW of this estimation stays in protected areas. For future installations and 
 upgrades  in  the  existing  equipment,  Zakeri  et  al.  (2015)  assume  an  extra  hydropower 
 potential to be from 500 up to 600 MW. 


In  addition,  there  is  also  a  seasonal  element  to  hydropower  in  Finland.  The  system  is 
dominated  by  run-of-river  hydropower  with  limited  reservoir  capacity,  which  is 
comparable to approximately 6.5% of Finnish electricity demand. As most energy inflow 
occurs within the spring runoff in May, hydropower can mainly be used as seasonal energy 
storage in Finland. The reservoirs are kept comparatively full until energy is needed over 
the  winter  months,  from  December  to  April.  (Child  &  Breyer  2016a,  26)  According  to 
Child and Breyer (2016a) Finland is currently lacking a full accounting of the potential to 
utilize  hydro  storage,  and  their  study  either  does  not  fully  explore  the  full  available 
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 potential of hydro storage.  


Solar energy


As  solar  power  is  clean  energy,  it  remarkably  reduces  GHG  emissions,  which  help  to 
 achieve  RE  production  targets  and  meet  carbon  neutrality  goals  (Dahal  et  al.  2017,  11). 


Together with other RES, solar PV is the leading economically and environmentally viable 
 option  to  fill  increasing  energy  needs,  as  long  as  no  other  low-emission  technological 
 breakthroughs  occur,  such  as  CCS  (Child  et  al.  2017,  17).  On  a  larger  scale  production, 
 solar energy can also be integrated with other RES systems such as geothermal, bio-energy 
 or HPs (Dahal et al. 2017, 11). As the use of solar PV grows, also financial CO2 emission 
 reduction profits can be observed, as a result of the rapidly increasing competitiveness of 
 PV. Solar PV also provides energy security, and more diverse energy production. (Child et 
 al. 2017, 17)  


Solar energy has not been harnessed in a large scale in Finland (Zakeri et al. 2015, 250). In 
 many ways, Finland represents a challenge to high levels of solar PV in an energy system, 
 due  to  high  fluctuations  in  solar  irradiation  throughout  the  year.  Whilst  the  country  gets 
 high  amounts  of  sunlight  during  the  summer  months,  it’s  quite  the  opposite  during  the 
 winter solstice and the long, dark winter months. These variations create a challenge for 
 the energy system to find alternate resources at the dark time of the year (Child et al. 2017, 
 2; Child & Breyer 2016b, 518). Nonetheless, the average annual potential of solar energy 
 in Finland is almost the same as in Germany, and over the summer months the irradiation 
 is even higher (Haukkala 2015, 50). As Haukkala (2015) states, this raises the question of 
 why Finland hasn’t taken more advantage of solar power and taken solar PV into broader 
 use in order to grow the share of RES in its energy mix. 


In the case of solar thermal, as opposed to general perceptions, the annual potential of it in 
Finland is only 20% lower when compared to North Italy for example. However, since the 
production  occurs  mainly  in  summer  months,  when  the  demand  for  heating  is  very  low, 
solar  thermal  cannot  contribute  the  heating  network  without  long-term  heat  storage 
systems.  (Zakeri et al. 2015, 250) The need for storage technologies seems obvious, on a 
daily and seasonal basis to better match supply with demand (Child et al. 2017, 2, Child & 




    
  




      
      
        
      


            
    
        Viittaukset

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Lataa nyt ( PDF - 102 sivua - 1.29 MB )
            

      


              
          
            Outline

            
              
              
              
              
              
                              
    D EFINITIONS
                              
    EU regulations
                              
    S TUDY APPROACH AND DESIGN
                              
    R ELIABILITY AND VALIDITY
                              
    Secondary data’s main results
                              
    Interview informants’ descriptions
                              
    R OADMAP FOR ENERGY SYSTEM TRANSITION
                              
    I NTERPRETATIONS OF THE ENERGY SYSTEM TRANSITION
                              
    P ERCEIVED DRIVERS AND BARRIERS
                              
    L IMITATIONS AND FUTURE RESEARCHES
              
              
            

          

        

      
      
        
  LIITTYVÄT TIEDOSTOT

  
    
      
          
        
            Energy communities in the centre of EU energy transition. Legal status of energy community under the “Clean energy for all Europeans” package
        
      

        This thesis analysed the role of energy communities in the functioning  of EU electricity system in times of energy transition and found that energy communities can improve

    
      
          
        
            Ideologies in Energy Transition : Community Discourses on Renewables
        
      

        Keywords: Renewable Energy, Sustainability Transitions, Ideological Discourses, Sense making, Municipal Energy Transition. Arto Rajala

    
      
          
        
            Power of Myths in Energy Transition : Unveiling Timeless Mythologies in Finnish Energy Agora
        
      

        Energy transition, Sustainability, Dominant Social Paradigm, Myths, Mythologies,  Marketing System, Path Dependence, Mental models,

    
      
          
        
            Sustainable or Distributed Energy - or both? Clarifying the Basic Concepts of Reforming the Energy Sector
        
      

        Sustainable Energy (SE) and Distributed Energy (DE) are central and very important concepts  in the on-going comprehensive and rapid transition of the fossil based energy sector

    
      
          
        
            Uusiutuvaa energiaa asumiseen ja toimistoon SunZEB – Plusenergiaa kaupungissa
        
      

        Kun vertailussa otetaan huomioon myös skenaarioiden vaikutukset valtakunnal- liseen  sähköntuotantoon,  ovat  SunZEB-konsepti  ja  SunZEBv-ratkaisu  käytännös- sä  samanarvoisia 

    
      
          
        
            Energiatehokkuuden kehittyminen Suomessa
        
      

        tieliikenteen ominaiskulutus vuonna 2008 oli melko lähellä vuoden 1995 ta- soa, mutta sen jälkeen kulutus on taantuman myötä hieman kasvanut (esi- merkiksi vähemmän

    
      
          
        
            The Sustainability of Bioenergy in Finland and Globally - Fact Check
        
      

        The carbon neutrality or sustainability of forest biomass in energy use has been under critical

    
      
          
        
            Energy Transitions and the Law
        
      

        As is illustrated by using EU renewable energy targets as the example, law and policy has been the  primary  driver  behind  the  transition  towards  sustainable  energy  systems..

      



      

    

    
            
            
      
  LIITTYVÄT TIEDOSTOT

  
          
        
    
        
    
    
        
            Job creation during a climate compliant global energy transition across the power, heat, transport, and desalination sectors by 2050
        
        
            
                
                    
                    12
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Sustainable energy system for South Savo in 2040
        
        
            
                
                    
                    73
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Empowerment of energy citizens in the digital era: A policy brief
        
        
            
                
                    
                    6
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Energy modeling of Industrial or commercial buildings
        
        
            
                
                    
                    49
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Energy Supply of Detached Houses in Russia and Finland
        
        
            
                
                    
                    89
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Energy systems spillovers and willingness to change : a focus on the oil sands region in Alberta
        
        
            
                
                    
                    127
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Evaluation of the main energy scenarios for the global energy transition
        
        
            
                
                    
                    107
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Feasibility study for acidic biorefinery concept
        
        
            
                
                    
                    84
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Yhtiö

        	
             Tietoa meistä 
          
	
            Sitemap

          


      

      
        Ota Yhteyttä  &  Apua

        	
             Ota yhteyttä
          
	
             Feedback
          


      

      
        Oikeustieteellinen

        	
             Käyttöehdot
          
	
             Tietosuojakäytäntö
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Hanki ilmaiset sovelluksemme

        	
              
                
              
            


      

    

    
      
        
          Koulut
          
            
          
          Aiheet
                  

        
          
                        Kieli:
            
              Suomi
              
                
              
            
          

          Copyright 9pdf.co © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


