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Abstract 

This thesis aims to make a proposal for an economically and socially justified and environmentally sustainable of 

a small-scale hybrid energy generation system for a community of ten houses. The work was performed in frames 

of the Renewable Community Empowerment in Northern Territories (RECENT) project, financed by the Northern 

Periphery and Arctic Programme. The aim of the project was to improve the energy efficiency and self-sufficiency 

of northern communities by utilizing local energy sources. The chosen pilot site of this work was the conceptual 

eco-district of Päivänpaisteenmaa, to be built in Muhos. 

In the theoretical part of this thesis, the concept of sustainability is explored as a goal set for human systems from 

global to local levels. Constituents of human well-being and intergenerational equity are also explored. Importance 

of ecosystem services is explained as the fundamental condition to continue supporting life on Earth. Further, the 

modern  energy  situation  is  discussed  as an  anthropogenic  activity  in urgent  need for change, due  to the limited 

nature  of  fossil  fuel resources  and  the  consequences  of  CO2 emissions  on our climate. The  role  of  distributed 

energy  generation for sustainability  and  energy  security  is  explained. Additionally, policy  and  actions  made  on 

different  levels  to build capacity  for  sustainable  development are  reviewed. As  part  of  the  RECENT  project, 

guidelines and templates on assessing the sustainability of community renewable energy projects have been made. 

For this, nine indicators were selected, an evaluation scale suggested, and the use of templates was tested for the 

concept plan of Päivänpaisteenmaa eco-district. 

The practical part of the work explores the feasibility of energy generation and efficient technologies in the pilot 

site.  Comparison of  different  options  was  done, their shortcomings  and  possible  synergy  advantages,  as  well  as 

environmental, economic and social impacts  were  also  assessed. The system was  sized  in  order to  meet peak 

energy needs and considering the Northern locale of the pilot site. The key research questions of the work were; 

What is the technical feasibility of renewable energy generation by ground source heat pump, solar photovoltaic 

and  solar  thermal  systems in  the  pilot  site? Will the  renewable  energy  investment  have  a  positive  social  and 

environmental impact while it is able to return the initial costs of the system? What are the potential savings in 

CO2 emissions when adapting these technologies? The work suggested adapting comprehensive energy solution 

for the family houses including energy efficient building, using heat-storing fireplace, avoid use of electric saunas, 

ground source heat pump and a shared solar PV system. The payback time calculated was 10 years on average, 

provide  for  the  families’  hot  water  needs, 26%  of  electricity  needs  and  would  result  in 70% savings  in  CO2 

emissions.  

 
Additional information 



TIIVISTELMÄ 
OPINNÄYTETYÖSTÄ Oulun  yliopisto  Teknillinen  tiedekunta 
Koulutusohjelma (diplomityö) Pääaineopintojen ala (Lisensiaatintyö) 
Ympäristötekniikka  

Tekijä Työn ohjaaja yliopistolla 
Niemelä, Antton Pongrácz, E, Professori, TkT 

Työn nimi 
Uusiutuvan energian- ja energiatehokkuusteknologioiden soveltuvuus pienen mittakaavan yhteisössä – Case Päivänpaisteenmaan 

Ekokortteli 

 

Opintosuunta Työn laji Aika Sivumäärä 
Teollisuuden energia- ja 
ympäristötekniikka 

Diplomityö Marraskuu 2016 118 

Tiivistelmä 

Tämän  diplomityön tavoitteena  oli  tehdä  taloudellisesti  ja  sosiaalisesti  perusteltu  sekä  ympäristön  kannalta  kestävä 

ehdotus  hybridienergiajärjestelmästä  kymmenen  talon  yhteisölle.  Työ  on  tehty  osana  RECENT  (Renewable 

Community  Empowerment  in  Northern  Territories) -projektia,  jonka  rahoittajana  toimii  Pohjoinen  periferia  ja 

Arktinen –ohjelma.  Tämän  työn  tavoitteena  oli  parantaa  pohjoisten  yhteisöjen  energiatehokkuutta  ja 

energiaomavaraisuutta hyödyntämällä paikallisia energialähteitä. Työhön valittu pilottikohde oli Päivänpaisteenmaan 

ekokortteli, joka on suunniteltu toteutettavaksi Muhoksen kunnassa.  

Tämän työn teoriaosuudessa kestävä kehitys on esitetty päämääränä, jonka tavoitteena on turvata niin ihmisten kuin 

luonnon järjestelmien hyvinvointi, sekä paikallisella että maailmanlaajuisella tasolla. Kestävään kehitykseen liittyen 

työssä on käsitelty yksilön ja yhteisön hyvinvoinnin perusehtoja sekä yli sukupolvien ulottuvia tasa-arvokysymyksiä. 

Ekosysteemipalveluiden tärkeys on esitetty perustavanlaatuisena ehtona monipuolisen elämän jatkuvuudelle. Lisäksi 

fossiilisten  polttoaineiden  rajallisuutta  ja  hiilidioksidipäästöjen  vaikutuksia  ilmastolle  on  käsitelty  nykyisen, 

kestämättömän  energiantuotannon  näkökulmasta.  Hajautetun  energiantuotannon  rooli  on  käsitelty  kestävän 

kehityksen sekä energiaturvallisuuden näkökulmista. Myöskin kestävää kehitystä edesauttavia, eri tasoilla vaikuttavia 

lainsäädäntöjä sekä paikallisia toimia on esitelty. Osana RECENT-projektia työssä luotiin lomakkeet sekä ohjeistus 

yhteisöjen  uusiutuvan  energian  projektien  kestävyyden  arvioimiseksi.  Arviointia  varten  valittiin  yhdeksän 

kestävyysindikaattoria,  joiden  antamat  tulokset  suhteutettiin  esitytetyllä  mitta-asteikolla. 

Kestävyysarviointilomakkeet testattiin suunnitellulla Päivänpaisteenmaan ekokorttelilla.  

Työn  käytännön  osuudessa  käsitellään  energiantuotanto- sekä  energiatehokkuusteknologioiden  soveltuvuutta 

pilottikohteelle.  Näiden  teknologiavaihtoehtojen  synergiaetuja  ja  vajaavaisuuksia  vertailtiin  soveltuvuuden 

selvittämiseksi.  Pilottikohteen  energiajärjestelmän  taloudellisia,  sosiaalisia  ja  ympäristöllisiä  vaikutuksia  arvioitiin. 

Järjestelmä  mitoitettiin  ottaen  huomioon  pilottikohteen  pohjoinen  sijainti  sekä  pilottikohteen  energian 

huippukulutukset.  Avaintutkimuskysymykset  olivat;  Mikä  on  maalämpöpumpun,  aurinkosähkö- sekä 

aurinkolämpöjärjestelmien  tekninen  soveltuvuus  uusiutuvan  energian  tuotannossa?  Onko  uusiutuvan  energian 

investoinnilla  positiivinen  sosiaalinen  sekä  ympäristöllinen  vaikutus,  ja  kykeneekö  se  samalla  palauttamaan 

alkuperäisen  investoinnin  arvon.  Työssä  ehdotettiin  pilottialueen  omakotitaloille  laajamittaisen  energiaratkaisun 

käyttöönottamista, johon sisältyy mm. energiatehokkaan rakentamisen toteuttaminen, varaavien tulisijajärjestelmien 

käyttäminen,  sähkökiukaiden  välttäminen,  maalämpöpumppujärjestelmän  hyödyntäminen  sekä 

yhteisaurinkosähköjärjestelmän  hankkiminen.  Hankintojen  keskimääräinen  takaisinmaksuaika  laskettiin  olevan  10 

vuotta,  tuottaen  kotitalouksien  kuuman  veden,  26%  vuotuisesta  sähköntarpeesta  sekä  saavuttaen  70%  säästön 

hiilidioksidipäästöissä.  

Muita tietoja 
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1 Introduction  

Global  population  growth  combined  with  the  enhanced  lifestyles  and  rising  energy 

demand  brings  upon  challenges  threatening  both  man  and  nature.  Unpredictable  yet 

potentially catastrophic consequences of global warming originate from the build-up of 

carbon dioxide and other atmospheric greenhouse gases released from burning of fossil 

fuels. (Omer, 2008) 

Cutting  down  energy  consumption,  increasing  energy  efficiency  and  harnessing 

renewable  energy  sources  constitute  central  measures  for  greenhouse  gas  emission 

reduction.  Those  factors  combined  with  decentralized  energy  production  have  an 

important part in securing community development by utilizing local energy sources to 

foster job creation and income. Reduced dependency on imported energy contributes to 

a  more  resilient  community  infrastructure,  especially  in  rural  and  isolated  areas. 

(2009/28/EC)  

In  Finland,  the  population  density  is  one  of  the  lowest  in  the  EU  and  rural  sparsely 

populated areas are common. In fact, when the North of Finland is compared with the 

South,  population  density  is  sparser  and  distances  between  the  small  communities  are 

notably longer. As a rule, electricity and heat supply are centralized in settlements and 

transferred to  the  remote  communities.  Larger  transmission  distances  result  in 

transmission losses and in a less efficient energy system. (Statistics Finland, 2015) To 

follow the renewable energy targets of 2020 Finland needs to increase energy efficiency 

and  energy  self-sufficiency throughout  the  whole  country.  Decentralized  energy 

generation is a solution that offers lower transmission losses and enables increasing the 

share of renewable energy in the Finnish energy mix. (Valkila & Saari, 2010) 

To  achieve  increased  renewable  energy  share  requires  participation  of  various 

stakeholders. Key actors extend from municipalities to their residents, from businesses 

and  industry  of  all  size  to  the  policymakers  and  individuals  in  decision-making 

positions. This underlines the significance of raising awareness on sustainability issues 

and taking action in discovering and implementing the best available energy efficiency 

solutions and sustainable energy production methods. (Valkila & Saari, 2010) 

This work aims to make a justified proposal of a meso-level hybrid energy generation 

system  that  meets  the  needs  of  the  community  and  respects  the  sustainability  of  the 
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ecosystem. The chosen concept for the pilot site is the eco-district of Päiväpaisteenmaa, 

located at Muhos. Aims of this work are to: 

- Raise awareness on sustainability issues; 

- Assess feasibility of small scale energy generation systems; 

- Provide information that supports decision making; 

- Design an energy generation system for a community of ten households with the 

aim of elevated energy self-sufficiency in the North of Finland. 

In theoretical part, the concept of sustainability is explored by familiarizing with issues 

related to challenges of sustainability in ranging from global to local levels. Measures to 

promote renewable and clean energy and to mitigate climate change on different levels 

are introduced. As sustainability links both to intergenerational energy equality and to 

the  quality  of the environment, focus  is  brought  upon  the  consequences  of using  the 

finite stocks of fossil fuels in an unsustainable manner. Wellbeing of future generations 

is largely affected by the consequences of choices made that regard both environmental 

quality  and  the  opportunities  of  future  generations  to  meet  their  needs  in  terms  of 

energy. The reasons for the urgent change in energy production are much related to the 

limited amount of accessible fossil fuels and restraints of climate warming. To develop, 

promote  and  choose  energy  generation  technologies that  are  able to generate  safe, 

reliable and clean energy is important. To gain understanding of the impacts of energy 

technologies, sustainability assessment and its applications are introduced to present the 

importance  of  choosing  the  most  suitable  technologies  in  environmental,  social  and 

economic sense. Related to the practical part, nine sustainability assessment indicators 

are chosen  to  assess  social,  economic  and  environmental impacts of  the energy 

generation system that is designed in this work. 

The  practical part  is  divided  in  two  sections. The  first section  considers  a technology 

review and offers proposals of different energy generation systems scenarios. Feasibility 

of state-of-the-art energy generation technologies is made by making a comparison over 

their  promising  properties,  shortcomings  and  possible  synergy  advantages  in 

environmental and economic sense, as well as in the social perspective. Question to be 

answered  is:  “will  the  renewable  energy  investment  have  a  positive  social  and 

environmental  impact  while  it  is  able  to  return  the  initial  costs  of  the  system?”  In  the 

second  section  the  created  sustainability  assessment templates  are  used  to  assess  the 
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sustainability  of  the  designed  energy  generation  system  and  to  support  the  decision 

making process choosing the most suitable technologies for the pilot solution.  

This  work  is  done  as  a  part  of  the  Renewable  Community  Empowerment  in  Northern 

Territories  (RECENT)  project  that  is  funded  by  Northern  Periphery  and  Arctic  2014-

2020 Programme (NPA). This programme aims to generate more energy self-sufficient 

and  competitive  communities  capable  of  answering  the  climate  change  challenges  by 

more  efficient  and  sustainable  public  infrastructure.  One  of  the  four  programme’s 

priority  is  “fostering  energy-secure  communities  through  promotion  of  renewable 

energy  and  energy  efficiency”  (NPA  2015). Figure  1  illustrates  the  partners  of  the 

project and their location. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location of RECENT project partners and the NPA programme area. 

As a result of the RECENT project, twenty four small-scale pilots will be developed and 

assessed, four or five of which will be located in the North of Finland, more specifically 

in the area of Lapland and Northern Ostrobothnia. The pilot site assessed in this work is 

located in the Municipality of Muhos, where building is expected to commence in 2018.  
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THEORETICAL PART 
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2 Sustainability 

This  chapter perceives  sustainability  extending from  global level to  local degree as  a 

phenomenon that is associated with  social,  environmental  and  economic  perspectives. 

Themes  of  climate  change, energy  availability and  quality  of the environment are 

related  to current  well-being  and  intergenerational  equity,  which  both  are  one  of  the 

basic  constituents  of  sustainable  development. As  energy is  one  of  the fundamental 

components of well-being, sustainable energy production and transitions towards it is a 

central theme throughout this work.   

2.1 Prevalent situation on sustainability 

In  the  modern  world  rapidly  globalizing  human  societies  constitute  a  global  force  of 

change  at  the  planetary  scale  that  is  capable  of  disrupting  Earth's  natural  systems  and 

therefore the Earth's life support processes. (Demaio & Rockström, 2015) Human action 

is  currently  challenging  the  social-ecological  resilience  by  generating  a  bulk  of 

environmental  changes  and  therefore  bringing  the  future  wellbeing  of  the  human 

population  on  Earth  into  question.  People  in  the  globalized  societies  are  an  integrated 

part of ecosystems - there are no ecosystems without people and no people that do not 

depend on the ecosystem functioning. (Folke et al., 2011)  

Ecosystem functioning is affected by human induced greenhouse gas emissions, which 

are driven largely by economic and population growth that are highest in history. The 

human  influence  on  the  climate  system  is  clear  and  carries  widespread  impacts  on 

human  and  natural  systems.  The  atmosphere  and the ocean  have  warmed  and  the 

amounts  of  ice  and  snow  have  diminished  and  the  sea  level  has  risen.  Likelihood  of 

severe,  pervasive  and  irreversible  impacts  on  people  and  ecosystems  is  increased  as 

continued greenhouse gas emissions cause further warming and long lasting changes in 

all components of the climate system. (IPCC, 2014)  

Climate system is only one of Earth’s ecological systems that is currently challenged by 

the bulk of environmental changes. These systems are estimated to have thresholds and 

tipping points which when violated may cause further imbalance in the social-ecological 

resilience of Earth’s ecological systems. Crossing one or more of thresholds can trigger 

highly  damaging  or  even  catastrophic,  non-reversible,  non-linear  and  abrupt 
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environmental  changes  within  continental  or  planetary-scale,  “leading  to  a  state  less 

conducive to human development”. (Rockström et al., 2009)  

As  an  attempt  to  draw a line to  a planet  wide  sustainability Rockström  et al. (2009) 

define  a  set  of  ‘planetary  boundaries’  that  should  not  be  violated  if  major human-

induced environmental changes on a global scale are to be avoided.  The core idea is to 

secure  the  “planetary  playing  field”  and  keep humanity  within  a  safe  operating  space. 

These boundaries, their limiting values and the current state compared to pre-industrial 

values are presented in Table 1. Current state is presented as radar diagram in Figure 2, 

where  the  Earth  system  processes where  sustainable  parameters  are exceeded are 

displayed in red. (Rockström et al., 2009). 

Table 1. Current state of environmental thresholds according to Rockström et al (2009) 

Earth-‐system  
process  

Parameters   Proposed  
boundary  

Current  
status  

Pre-‐
industrial  
value  

Climate  change   Atmospheric  carbon  dioxide  
concentration  (ppm  by  volume)    

350   387   280  

     Change  in  radiative  forcing  (watts  
per  metre  squared)  

1   1,5   0  

Rate  of  
Biodiversity  loss  

Extinction  rate  (number  of  species  
per  million  of  species  per  year)  

10   >100   0,1-‐1  

Nitrogen  Cycle   Amount  of  N2  removed  from  the  
atmosphere  for  human  use  (millions  
of  tons  per  year  

35   121   0  

Phosporous  
Cycle  

Quantity  of  P  flowing  into  the  
oceans  (millions  of  tonnes  per  year)  

11   8,5-‐9,5   -‐1  

Stratospheric  
ozone  depletion  

Concentration  of  ozone  (Dopson  
uni)  

276   283   290  

Global  
freshwater  use  

Consumption  of  freshwater  by  
humans  (km3/year)  

2,75   2,9   3,44  

Ocean  
acidification  

Global  mean  saturation  state  of  
aragonite  in  surface  sea  water  

4000   2600   415  

Change  in  land  
use  

Percentage  of  land  cover  converted  
to  cropland  

15   11,7   Low  

Atmospheric  
aerosol  loading  

Overall  particulate  concentration  in  
the  atmosphere,  on  a  regular  basis  

To  be  
determined  

         

Chemical  
pollution  

E.g.  amount  emitted  to,  or  
concentration  of  persistent  organic  
pollutants,  plastics,  the  global  endocrine  
disrupters,  heavy  metals  and  nuclear  
waste  in  environment,  or  the  effects  on  
ecosystem  and  functioning  of  Earth  
system  thereof  

To  be  
determined  
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Figure 2. Current state estimation of ten environmental thresholds presented in a radar 

diagram according to Rockström et al (2009).  

Green colour indicates parameters that are within the proposed boundaries.  

Red colour indicates Earth-system processes of which the boundary has been exceeded. 

Rockström et al. (2009) estimate that humanity has already transgressed three planetary 

boundaries:  for  climate  change,  rate  of  biodiversity  loss,  and  changes  to  the  global 

nitrogen  cycle as  seen  in Figure  2. By challenging  the  socio-ecological  resilience  of 

Earth’s ecological systems humanity is challenging both current and future well-being. 

(Rockström et  al.,  2009) Challenges  related to the  degradation  of  ecosystem  services 

and  growing  number of human  population  are  coupled  with  challenge  of  meeting  the 

growing energy need. Near 80% of the global energy is produced by using the limited 

reserves  of  fossil  fuels. Limited  energy  reserves  and rising  need  for  energy create  an 

unsustainable scenario. Energy from fossil fuels gives modern societies their power to 

function  and  deliver  many  of  the  goods  and  services  that  provide the  foundation  for 

well-being. To  meet  the  growing  energy  need  in  an  environmentally-benign  and 

sustainable  manner  is  one  of  the  greatest  challenges,  especially  in  the  rapidly 

developing  countries where the  majority  of  their  increasing  population  is  swiftly 

moving out of poverty and heading towards higher standards of living. (Dincer & Acar 

2015)  
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This  unsustainable scenario  is  outlined  by  two facts.  The stock  of economically 

available fossil  fuels generated are likely  to deteriorate in coming decades  and  the 

consequences of exhausting fossil  fuels bring  a measurable  and unbeneficial  effect  on 

the climate system. A change on a global scale is generated that brings disturbance on 

various environmental  systems raises  the  question  of intergenerational  equity issue as 

the ability of future generations to meet their needs is compromised by the decreasing 

quality  of  the  ecosystem  and  diminishing  amount  of  available  energy  resources. 

(Mackay, 2008) 

2.2 Need for sustainability transitions 

Evident  need  for  change  exists. Path-dependency,  inertia  and  lock-in  are  central 

concepts that explain why change for a more sustainable direction does not come about 

immediately. Path-dependency  can  be  understood  as the incapability  of  making  an 

atypical  or  an  exceptional  choice  in  reference  to  past,  inertia  can  be  understood  as 

resistance  to  change  and  lock-in  can  be  understood  as  state  where  alternative 

possibilities cease to be feasible. (Sydow et al., 2005) According to Smith et al., (2005) 

sustainability  transitions  are  long-term,  multi-dimensional,  and  fundamental 

transformation  processes  through  which  established  socio-technical  systems  shift 

towards more sustainable methods of production and consumption. 

Socio-technical  systems such  as energy  supply,  water  supply,  business  models, 

organizational structures, regulations, political structures, user practices, life-styles, etc., 

tend  to  be  incapable  or  limited  to  undergo  radical  change in  a  rapid  time.  If radical 

change is what is required for achieving a higher state of sustainability, then anything 

less  than  radical  is  insufficient.  When  change  remains  as  a  superficial  alteration  in 

behavior,  risk  that  the  prevailing  sustainability  challenges  remain  insufficiently  met 

exists. This  underlines  the  need  and  importance  for  decisive  interventions  both  from 

state and non-state actors to meet the future challenges. (Markard et al., 2012, Rip and 

Kemp, 1998) As Smith  et  al., (2005) confirm the  significant  role  of  guidance  and 

governance is often particular for sustainability transitions.  

Technological, organizational and institutional forces of lock-in have been guiding the 

development  in  the  electricity  generation  and  transportation  sectors  during  the  past 

decades, thereby contributing to the phenomenon of techno-institutional carbon lock-in. 
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Technological and institutional carbon lock-in is a relevant matter to both to the issue of 

climate change and finite fossil fuels reservoirs. Modern energy production systems are 

largely  based  on  the  combustion  of fossil  fuels  that  provide  the  majority  of  energy 

services for  the  needs  of consumers. Techno-institutional carbon  lock-in causes for 

example difficulties in governments to have outdated, even counterproductive, subsidy 

programs removed. (Unruh, 2000)  

According  to the IEA’s  report  on  Tracking  Clean Energy  Progress 2016, global fossil 

fuels subsidies in 2014 were 493 billion U.S. dollars (USD), whereas subsidies directed 

biofuels  in  2014  were  23  billion USD and  subsidies  to  renewable  energies  were  112 

billion USD.  Fossil  fuels  subsidies  create a distortion energy  markets  by  creating  an 

uneven  playing  field  for  clean  energy  technologies. Some  of  the  barriers  for  the 

development  of  clean  energy  include distorted  energy  markets, insufficient  support 

schemes, high capital costs and low prices of coal and oil that is are significant threat 

for decarbonizing societies. Another issue is the transport sector that has not diversified 

away  from  heavy  oil  dependency  that  accounts  for  93% of  transport  demand. Both 

energy consumption and need for mobility are expected only to rise in future as low oil 

and  coal  prices  do  not encourage  decisive  near-term  actions  to  bring  transport  and 

energy generation in line with the global warming trajectory of 2°C degrees (2DS). 2DS 

includes an energy  pathway  consistent  with  the  goal  of  limiting  the  global  increase  in 

temperature to 2°C by limiting concentration of greenhouse gases in the atmosphere to 

around 450 parts per million of CO2. Decarbonizing electricity production and transport 

are imperatives in order to meet the 2DS goals. (IEA, 2016)  

IEA (2016) suggests  that by eliminating  fossil  fuel  subsidies  a  significant  financial 

resource  could  be  redirected  to  implementing  existing  cost-effective  energy  efficiency 

measures. True  environmental  costs of  carbon  lock-in and other  costs  of  fossil-based 

generation need to be accounted in the final electricity prices. Recognition needs to be 

given to the emissions reductions that clean energy generation technologies can provide 

and  the  energy  security  and  flexibility that  are  made  possible  by  utilizing  clean  and 

renewable resources. (IEA, 2016)  

To  disengage  from  unsustainable  behavior  e.g.  by  moving  towards  low  carbon 

economies  and executing production  and  consumption  that does  not  conflict  with 

boundaries  of  environmental  systems are  essential to securing  the  well-being  of  the 
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future generations. These  topics  are  explored in following  chapters that  consider 

sustainable development, natural capital, ecosystem services, energy and well-being.  

2.3 Sustainable development  

The  concept  of  sustainability,  or  Sustainable  Development  was  first  described  by  the 

Brundtland  Commission  in  1987  as  “development  that  meets  the  needs  of  the  present 

without  compromising  the  ability  of  future  generations  to  meet  their  own  needs’’ 

(Brundtland, 1987).  

According  to  Roseland, (2012) “development”  does  not  simply  mean  “growth,”  as 

measured  by  indicators  of  economic  performance  such  as  gross  national  product.  To 

develop sustainably means that we balance the needs of the biosphere with the needs of 

the human population. Sustainability acquires a new meaning when understood in terms 

of natural capital and natural income. The bottom line for sustainability is that we must 

learn  to  live  on  our  natural  income  rather  than  deplete  our  natural  capital.  To  make 

choices to preserve humanity’s fundamental lifeline is the condition to proceed towards 

sustainable  future.  (Roseland,  2012) The  concepts of  natural  capital and  ecosystem 

services are explained to indicate the relation between economic activity, human well-

being and the quality of the environment.  

2.4 Perspective of capitals on sustainability 

Natural capital refers to “any stock of natural assets that yields a flow of valuable goods 

and  services  in  the  future” (Constanza  and  Daly,  1992).  The  benefits  that  flow  from 

natural capital can be considered natural income or ecosystem services, which consists 

of  renewable  and  non-renewable  resources.  Renewable  resources  consist  of  natural 

system’s provision of goods and services, such as food, clean water and energy. Finite 

non-renewable resources consist of fossil fuels, minerals, etc. Sustainable management 

of natural capital allows natural systems to continue provide critical goods and services 

while  absorbing  pollutants  and  emissions,  an  example  of  this  being  the  atmosphere’s 

capacity to regulate the planet’s climate. (Constanza and Daly, 1992).  

To distinguish the difference between natural capital and ecosystem services following 

example  is  given.  Forest  is  a  component  of  natural  capital,  and  climate  regulation  the 
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ecosystem service it provides (Figure 3); or healthy soil being the component of natural 

capital, while food or energy production is the provided ecosystem service. 

Figure 3. Forest as a component of natural capital, climate regulation as the ecosystem 

service provided 

As the production and consumption of the goods and services affects the quality of the 

natural  capital,  in  consequence,  the  quality  and  quantity  of  the  ecosystem  services  is 

influenced. Figure  4 presents  a  simplified  model  of exchange  between  natural  capital 

and economic activity. 

  

Figure 4. Exchange between Natural capital and Economic Activity modified from 

(Pezzey, 1992) 
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Pezzey (1992) presents a stock based approached towards the exchange between natural 

capital  and economic  activity (Figure 5). Natural  capital  stocks and human made 

productive  stocks determine the productive  potential  of  the  economy. Human  made 

productive stocks are divided in to three parts. 

1) Tools stock (productive machinery, buildings, etc.); 

2) Knowledge stock (intellectual capital, skills and know-how); and 

3) Households (labor, production and consumption). 

 

Figure 5. Simplified economic model of a closed society modified from Pezzey (1992) 
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Different forms of natural capital are being transformed into products by human made 

productive stock making the relationship between socio-economic systems and different 

forms of natural capital complementary in its nature. (Constanza and Daly, 1992) The 

destruction  of  manufactured  capital  is  seldom  irreversible,  whereas  irreversibility  is 

common in the consumption of natural capital e.g. combustion of fossil fuels, extinction 

of species, climate change, etc. Any important environmental function, which cannot be 

substituted by manufactured capital in terms of welfare generation can be identified as 

Critical  Natural  Capital (CNC).  CNC includes environmental  functions the  loss  of 

which is irreversible, involves a risk of causing immoderate losses, or actually leads to 

immoderate  losses.  (Ekins  et  al.,  2003) CNC  highlights  the  need  to  maintain  the 

ecological  functioning  of  natural  systems  above  certain  thresholds  of  degradation  in 

order  to  conserve  the  capacity  of  natural  capital  to  provide  the  services  which  are 

critical  for  human  existence  and  well-being (Ekins  et  al.,  2003; Dietz  and  Neumayer, 

2007) 

Even  though the preventing of species  extinctions  and  protection  of  land  areas  have 

been set as explicit targets, evaluation over recent decades reveals disappointing results. 

Political  will  and  carefully  drafted  policies  have  not  halted  biodiversity  decline. 

(Rodriguez et al., 2014; Rands et al., 2010) Degradation and conversion of habitats and 

species  decline  and  extinction  has  forced  scientist  and  decision  makers  to  take  an 

increasingly  holistic  approach  to  conservation,  which  recognizes  humans  as 

beneficiaries  of  nature. To recognize  socio–ecological  interactions  and  the  multiple 

benefits  that  ecosystems  provide  people  form  the  basis  for  biodiversity  conservation 

arguments. (Cardinale et al., 2012) Following chapter introduces the basic concepts of 

ecosystem services and explains some of the mechanisms and qualities of these services 

that are necessary and irreplaceable for human well-being. 

2.5 Ecosystem services, energy availability and human well-being 

Ecosystem services  are  understood  as  aspects  of  ecosystems  that  are  utilized  either 

actively or passively to produce human well-being as Figure 6 presents. (Fisher et al., 

2009).  The MEA (2005) categorizes ecosystem services in to four types of contributions 

that ecosystem services make to human well-being. Provisioning services supply basic 

provisions  such as  food,  water,  fuel,  fiber, etc. Regulating  services are  those  that 

regulate  natural  processes  such  as  climate  control,  air  and  water  circulation  and 
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purification, waste decomposition, and disease mitigation. Supporting services provide 

support  to  provisioning  and  regulating  services such  as  nutrient  cycling  and  plant 

pollination. Cultural services provide intellectual, recreational, and spiritual benefits to 

people, including outdoor recreation and scientific discovery. (MEA, 2005) 

 

Figure 6. Ecosystem services and constituents of well-being (MEA, 2005) 

Different  forms  of  ecosystem  services  (stocks  of  natural  capital)  that  are transformed 

into constituents of well-being by human made productive capital is conceptualized as 

realized  ecosystem  services  by  Jones  et  al.,  (2016)  in  Figure 7. There  is  increasing 

recognition  that  many  stocks  of  natural  capital  are  being  utilized  at  an  unsustainable 

rate.  (Steffen  et  al.,  2015).  Unsustainable  resource  use  and  management  has 

consequences  in  human well-being in  terms  of  securing  access  to  different  forms  of 

natural  capital  and  ecosystem  services.  As sustainability refers  to  maintaining  or 

increasing  wellbeing  across  generations,  it  is  determined  by  whether  stocks  of  capital 

are  passed  on  to  future  generations. Unsustainable  resource  use  is  linked  with  issues 

present and intergenerational equity (Jones et al., 2016)  
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Figure 7. Ecosystem services, human made productive capital, realized ecosystem 

services and human well-being. Variation from (Jones et al., 2016) 

Well-being (Figure  8) or  quality  of  life (QOL) can  be  understood  in  terms  of  needs 

being  met  by  an  individual  or  a  group.  Importance  of  a  specific  need,  degree  of  need 

being  met  and  how  need  fulfillment  is  perceived  result  either  to  dissatisfaction  or 

satisfaction  of  a  group  or  an  individual that  creates  the  subjective  experience  of  well-

being. (Constanza et al 2007) The flow of goods and services that provide opportunities 

to meet the needs related to well-being build up from the co-operation of natural capital 

and structures  of  the  modern societies.  Societies  of  our  time are  dependent  on  non-

renewable  sources  of energy  to  continue  their  function  to  provide  goods  and  services 

essential for well-being. (Jones et al., 2016, Dincer & Acar 2015, Constanza et al 2007) 

The  depletion  of  non-renewable  energy  resources  and  climate  change  are  major 

challenges  that  make  the  transition  towards clean  and renewable  energy  sources  and 

energy efficiency essential.  (IPPC, 2014, Valkila & Saari, 2010)  
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Figure 8. Quality of life and well-being in terms of needs and opportunities. Modified 

from (Constanza et al 2007). 

Energy is rather “invisible” in the everyday life and large companies that produce and 

transfer energy are often taken for granted under the circumstances where renegotiating 

the  electricity  contract  can  be  considered a too difficult  or  time  consuming task to 

perform. (Shove & Chappells, 2001, Salmela & Varho, 2006) Findings of Constanza et 

al. (2007) present how need fulfillment is perceived affects the subjective experience of 

well-being (Figure  8). Energy  availability  is  largely  taken  for  granted and energy 

resources  appear to  be  abundant,  while  in  reality, energy  generation  is based on a 

limited stock of fossil fuels. A delusional scenario is created as much of the origins of 

this subjective  well-being  are left unnoticed. A question of  intergenerational  equity 

rises: what are the opportunities of future generations to meet their needs to achieve and 

maintain well-being without the deposit of fossil fuels accumulated during the last two 

billion years,  and  how  greatly  is  this  opportunity  appreciated  by  the  people  of  the 

modern societies? (Mackey, 2012) 

In modern societies new technologies play a central role enabling capacities for social 

welfare.  For  these  reasons,  choosing  the  most  adequate  technologies  has  the  greatest 

importance  in  steering  the  world  along  a  socially  and  environmentally  sustainable 

pathway. (Janeiro &  Patel, 2015) Sustainability  is  a  phenomenon  that  ranges  from 

global level to local detail, and is affected by a number of factors from individual user 
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customs  to  social  norms,  from  community  based  solutions  to  large  scale  policy 

directives  for  sustainable  development. Next  chapter  considers  and  introduces some 

aspects of sustainability actions on different levels by giving examples that contribute to 

sustainable  development  in  terms  of  energy related  policy,  strategy,  technology and 

actions. 
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3 Different levels of sustainability 

This chapter goes through different levels of sustainability to explain some of the 

policies, solutions and actions that are applied on different levels to promote renewable 

energy technologies, to mitigate climate change and to draw plans and strategies for 

sustainable development. Figure 9 presents the structure of the chapter. It is constructed 

to begin from global level by presenting UN’s sustainable development goals and lately 

made Paris climate agreement. On EU level Renewable Energy Directive (RED) and its 

targets are presented. Scaling down to Finnish energy strategy and EU 2030 goals on 

energy and climate, eventually presenting Finnish Carbon Neutral Municipalities 

program and finally moving in to community scale solutions for sustainability, energy 

efficiency and climate change mitigation actions. 

 

Figure 9. Sustainability presented in this chapter as a phenomena reaching from global 

level to local degree.  
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3.1 Global scale sustainability 

Global  scale  sustainability  chapter  describes  the  central  concepts  and  themes  of  Paris 

climate  agreement  2015  and  the  sustainable  development  goals  of  United  Nations for 

2030. These forms of global policy and agreements comprehend and affect more than 

190  countries,  including  the  both  the largest producers  and  consumers,  as  well 

developing as countries. (Paris Climate Agreement, 2015; UN, 2016) 

3.1.1 Paris climate agreement 

In December 2015, 195 countries committed to adopt the first universal legally binding 

global climate deal. In the Paris climate agreement 2015 Governments agreed on a long-

term  goal  of  keeping  the  increase  in  global  average  temperature  to well  below  2°C 

compared  to  the  pre-industrial  levels  and  to  pursuing  efforts  to  limit  the  increase  to 

1.5°C above pre-industrial levels to safeguard life on Earth and to enable thriving future 

for  humanity.  Agreement  requires  governments  to  increase  the  ability  to adapt  to  the 

adverse  impacts  of  climate  change  and  to  foster  climate  resilience  and  low  GHG 

emissions development without making trade-offs with food production. Governments 

are also required to make consistent financial flows to support a pathway towards low 

GHG  emissions  and  climate  resilient  development. Governments  agreed  to  strengthen 

the  ability  of  societies  to  deal  with  the  impacts  of  climate  change  and  to  provide 

enhanced climate change adaptation support for developing countries. Every five years 

governments are to come together to set more ambitious targets as required by scientific 

findings and work. (Paris Climate Agreement, 2015) Agreement comes into effect when 

55  countries  have  ratified  their  agreements  and  as  the  total  global  combined  CO2 

emission of the ratifying parties account for 55%. On the third of September 2016 the 

ratifying  process  advanced  as  China  and  United States,  which  account approximately 

for  40%  of  global  CO2 emissions  ratified  their  agreements  to  follow  Paris  Climate 

Agreement. (UN treaty collection, 2016) 

3.1.2 UN’s Global Sustainability Goals 2030 

UN’s  Sustainable  Development  Goals  2030  (SDGs)  follow  and  expand  on  the 

Millenium  Development  Goals  (MDGs),  which  were  agreed  by  governments  in  2000, 

and expired 2016. SDGs comprise of 17 goals and 169 sub-targets that seek to improve 

and  balance  social,  environmental  and  economic  dimensions  of  sustainable 
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development and  are  adopted  by  the  193  member  states.  Central  topic  for  SDGs  is  to 

end poverty, ensure quality life for all and promote peace and well-being. SDGs aim to 

realize human rights by ensuring the basic needs for living, improving gender equality 

and  by  promoting  quality  education.  Environmental  themes  include protecting  life  in 

water and land. (UN, 2016) Unlike the Paris Climate Agreement 2015 UN’s SDGs are 

not  legally  binding,  even  though governments are  expected  to  establish  national 

frameworks  for  the  achievement the  17  goals on  different  aspects  of  sustainability. 

Member  countries  have  primary  responsibility  to  follow and  review  progress  made 

implementing the goals according to UN (2016) sustainable development agenda. 

Goal 7 “Affordable and clean energy” can be considered relevant within the framework 

of this work and is therefore presented as an example of UN’s SDGs. Goal 7 considers 

sustainable energy and ensuring access to affordable, reliable, and modern energy for all 

(UN, 2016). Targets for 2030 being in terms of Goal 7 according to UN, (2016): 

-“7.1 ensuring universal access to affordable, reliable and modern energy services;  

- 7.2 increase substantially the share of renewable energy in the global energy mix;  

- 7.3 double the global rate of improvement in energy efficiency; 

- 7.4 enhance  international  cooperation  to  facilitate  access  to  clean  energy  research 

and  technology,  including  renewable  energy,  energy  efficiency  and  advanced  and 

cleaner  fossil-fuel  technology,  and  promote  investment  in  energy  infrastructure  and 

clean energy technology; 

7.5 expand  infrastructure  and  upgrade  technology  for  supplying  modern and 

sustainable energy services for all in developing countries, in particular least developed 

countries,  small  island  developing  states  and  landlocked  developing  countries,  in 

accordance with their respective programs of support renewable energy.”  

Many of the SDGs and their targets are connected. By making actions to benefit one of 

the  goals,  other  goals  can  be  influenced. For  example  goals  on sustainable  cities, 

renewable energy and innovation and infrastructure and the goal on climate change are 

topics that are strongly connected and cross-dependant. 
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3.2 EU scale sustainability 

As Finland is a member state of the EU and follows the directives and regulations set by 

EU legislative actors, some of the policy and strategy are presented. Member countries 

agree  on to  shift towards  low  carbon  economies,  promotion  of  clean  and  renewable 

technologies  and to  take measures  for  climate  change  mitigation. EU’s  Renewable 

Energy Directive is presented as an example. 

The  Renewable  Energy  Directive  (RED)  (2009/28/EC)  was  established  2009  for  the 

promotion  and  the  production  of  renewable  energy  in  each  of  the  European  Union 

Member  States.  By  2020,  the  Directive  obligates  European  Union  to  produce  20%  of 

the  gross  final  energy  consumption  from  renewable  energy  sources  and the  Member 

States are required to ensure a minimum of 10% of the final energy consumption in the 

field  of  transportation  by  renewable  energy  sources.  The  gross  final  consumption  of 

energy  means  all  the  energy  consumed  by  households,  public  sector,  industry, 

agriculture,  fishery  and  forestry  including  losses  in  distribution  and  transmission.  The 

Renewable  Energy  Directive  specifies  national  renewable  energy  targets  for  the 

Members  states.  According  to  RED  each  country  has  to  adopt  its  individual  national 

renewable  energy  action  plan  for  meeting  the  energy  targets,  to  present  the  general 

course of their renewable energy policy and to ensure proper information, training and 

administrative procedures. (2009/28/EC) 

Each Member reports their progress every second year. Directive includes a multitude 

of  guidelines  to  support  implementation  of  renewable  energy  technologies  and  energy 

production by renewable sources. For example, electricity grid, transmission system and 

energy storage should be developed to be suitable for the production and utilization of 

renewable  energy.  Member  States  are  encouraged  to  pursue  all  appropriate  forms  of 

cooperation  in  relation  to  the  objects  set  out  in  the  Renewable  Energy  Directive. 

Through the RED, the European Commission compels Finland to increase the amount 

of renewable energy from the gross final consumption of energy, from 28% to 38% by 

2020. (2009/28/EC) 
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3.3 Finland scale sustainability 

This part explores the Finnish energy scenario, strategy and transition towards increased 

share  of  clean  and  renewable  energy  sources  and  pathways  to  higher  energy 

independency. Finland has committed to EU’s 20-20-20 targets to increase its share of 

renewable energy  to  38%  of  the  total  energy  mix by  2020. Diversification  of  energy 

mix, using domestic resources and implementing cleaner technologies support both the 

2030 Energy and Climate Targets and the issue of energy security (IEA, 2013) 

3.3.1 Prevalent Energy Scenario in Finland  

Finland  is  a  Nordic  country  where  cold  climate  prevails  and  the  amount  of  domestic 

energy  sources  is  limited.  The  economy  of  Finland  is  highly  industrialized,  with 

sizeable high-tech manufacturing, electronics and chemical sectors operating alongside 

a significant forestry and paper industry. Due to cold climate, space heating is required 

nine  months per  year, which  stands  for  25%  of  the  final  energy  use in  Finland.  (IEA, 

2013)  The  combination  of  the  cold  climate  and  energy-intensive  industries  makes 

Finland’s  energy  consumption  per  capita  very  high.  According  to  the World  Bank,  in 

2015 Finland had the fifth highest energy use per capita in the world, topped by Iceland, 

Luxembourg, Canada and United States. (World Bank Data, 2015)  

Finland’s share of renewable energy sources is relatively high, accounting for 31% of 

the  primary  energy  sources.  Hydropower  accounts  for  11%  and  wood-based  fuels  for 

80%  of  Finnish  renewable  energy  sources.  (OSF,  2014)  The  wood-based  biomass  is 

mainly  produced  as  a  side  product  of  forest  and  paper  industry  accounting  for 

approximately 25% of the total Finnish energy consumption. (OSF, 2015) This makes 

biomass  to  be  the  backbone  of  Finland’s  future  renewable  energy  scenarios.  (IEA, 

2013)  Despite  the  high  share  of  domestic  biomass  Finland  is  extremely  dependant  on 

imported  energy,  including  oil,  coal,  gas  and  electricity.  In  2011  imported  energy 

accounted  for  78%  of  the  total  energy  supply,  and  most  of  the  imported  energy 

originated from one country, namely Russia. As it is stated that diversified portfolio of 

energy  resources  in  a  country  decreases  the  overall  risk  of  energy  supply,  makes  the 

energy dependency on another country a risk of energy security. (Aslani et al. 2014) 
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The maximum capacity of renewable energy utilization in Finland is limited according 

to Zakeri  et  al. (2016).  Even  though  wind  and  solar  are  considered  theoretically 

unlimited, yet in practice face challenges to provide sufficient energy outcome. To reach 

3 TWh/a by using solar photovoltaic systems would correspond to 60% roof coverage 

of  all  south-facing  buildings  in  Finland  and  to  gain  benefit  of  20 GW  by  wind 

installations  would  require  covering  roughly  10%  of  Finland’s  onshore  and  offshore 

surface  areas with  wind  power  installations.  (Zakeri  et  al.,  2016) Table  2  comprises 

views over the potential of renewable energy sources. As seen in Table 2. Biomass has 

the greatest opportunity to provide highest quantity of energy.  

Table  2. Renewable  energy  potential  by  source  in  Finland  according  to  Zakeri    et  al. 

(2016), VTT (2014) and Lund (2007) 

Energy source Zakeri et al. (2015) VTT (2014) Lund (2007) Unit 

Biomass 515 000 480 000 47 0000 TJ 

Waste-to-energy - 25 000 90 000 TJ 

Hydro 60 000 5 8000 58 000 TJ 

Wind Unlimited 144 000 72 000 TJ 

Solar PV 10 800 18 000 - TJ 

Solar thermal 5 400 - 2000 TJ 

Heat pumps 14 17 - TJh 

 

3.3.2 Finnish Energy and Climate Strategy 

Ministry of Economic affairs and Employment of Finland has stated that the long-term 

objective for Finland is to become a carbon-neutral society. This objective is anticipated 

to  require  significant  measures  to  be  taken  especially  in  the  energy  and  transportation 

sectors, which at the moment account approximately for 80% of Finland’s greenhouse 

gas  emissions.  Finland  has  committed  to  EU’s  2030  energy  and  climate  targets,  and 

aims to increase the use of renewable energy and energy self-sufficiency during 2020s. 

Main  focus  is  the  promotion  of  bioenergy  and  biofuels  for  transport.  Preparations  for 

the new national energy and climate strategy are ongoing and will be published by the 

end of 2016. (TEM, 2016) 

Main aspects considered for the governmental energy and climate program is to increase 

use of emission-free, renewable energy to reach more 50% of the total share by the end 

of 2020s. By the end of 2020s energy self-sufficiency is aimed to reach more than 55% 

and the share of imported oil for domestic needs will be cut in half. By 2030 coal will 

not  be  used  in  energy  production  and  the  share  of  renewable  transport  fuels  will  be 
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raised to 40% by 2030. Finland aims to develop support programs for renewable energy 

and  to give aid for  developing  economically  feasible carbon  neutral  technologies. 

(TEM, 2016) 

3.4 Sustainability on Regional scale 

Energy strategy of Northern Ostrobothnia is introduced, as it is regional actor within the 

boundaries of RECENT project. Energy strategy comprehends goals, plans and actions 

required to mitigate climate change, promote renewable energy solutions and to develop 

energy infrastructure on regional level. 

3.4.1 Climate strategy of Northern Ostrobothnia 

In the Climate Strategy of Northern Ostrobothnia the county aims at preventing climate 

change  and  adapting  to  the  effects  it  will  cause.  Climate Strategy of  Northern 

Ostrobothnia brings  together  the  aims  of  international  and  national  climate  strategies 

and applies them to local circumstances and methods that are suitable in the North so 

that the county focuses strongly on cutting down future greenhouse gas emissions. Main 

principles  concentrate  on  social,  environmental  and  economic  sustainability  as  the 

measures aim to improve well-being, quality and standard of life of the local people and 

that they will provide new business opportunities. (Council of Oulu region, 2010) 

Northern  climate,  long  transportation  distances  and  the  industry  situated  in  the  area 

make  Northern  Ostrobothnia  an  energy  intensive  county.  Degree  self-sufficiency  is 

reasonably high, over 50% when considering energy production and consumption at the 

area (without steel industry). The fact that e.g. industry and traffic are mainly based on 

fossil fuels is the weakness of the county. The aims in the future are to strengthen local 

decentralized  energy  generation,  to  improve  energy  efficiency  and  to  decrease 

greenhouse  gas  emissions  according  to  the  climate  strategy.  (Council  of  Oulu  region, 

2010) 

3.4.2 Energy strategy of Northern Ostrobothnia 

The  Energy  Strategy  of  Northern  Ostrobothnia  aims make energy  field an  important 

part of the local economy and the energy knowhow strong in the area. According to the 
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Energy Strategy the diverse renewable sources of energy are aimed to utilize efficiently, 

and energy saving and energy efficiency are to be improved. Part of the traffic fuel is 

aimed to be covered with own energy sources and the local environmental and climate 

impacts of the energy production will be taken into account. (Council of Oulu region, 

2012) 

Centralized  energy  and  heat  production  aims to  focus  on  local  resources,  but  aim  to 

decrease utilizing peat and focus more on wood based fuels. Taking care of social and 

environmental impacts of utilizing natural resources is considered important. It is also 

estimated  that the  decentralized  energy  production  and  hybrid  methods  are  becoming 

more important in the future for rural and sparsely populated areas. Aims are to invest 

to  energy  efficient  measures  to  decrease  the  energy  consumption of  the  area  and  to 

improve the utilization of the local energy resources. These measures are also estimated 

to improve the local employment situation and stimulate the commercial and industrial 

life  of  the  county.  Goals  are  to  promote  large-scale  investments  in  the  energy 

production,  to  launch  the  new  programs  of  bio-energy  use  and  to  pilot  new  energy 

solutions  and  energy  efficient  buildings  and  construction.  (Council  of  Oulu  region, 

2012) 

The  county  plan  and  county  program  state  that  the  municipalities  have  the  key  role 

when  aiming  for  energy  efficiency  and  low-carbon  county.  To  make  Northern 

Ostrobothnia a low-carbon county new types of action in land use, traffic planning and 

construction  are  required,  and  by  doing  so  Northern Ostrobothnia would  acquire  the 

opportunity  to  profile  itself  as  a  nationwide  expert  in  the  implementation  of  energy 

efficient building. (Council of Oulu region, 2014) 

Public  sector  will  be  the  pioneer  in  implementing  energy  efficient  solutions  and 

preparing action plan to improve energy efficiency and to increase the use of renewable 

energy  sources.  Plan  includes creating  diverse  and  efficient  ways  of  sharing  energy 

information  to  constructors,  companies  and  inhabitants.  Plan  aims  to  create 

internationally  interesting  eco  areas  with  energy  efficient  solutions,  production  of 

renewable energy and smart energy solutions. In area planning, new renewable energy 

solutions  will  be  promoted  and  innovative,  energy  and  material  solutions  will  be 

advanced. (Council of Oulu region, 2014) 
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3.5 Sustainability on Municipal scale 

On  municipal  scale,  local  climate  strategies  are  created  and  actions  taken  to  advance 

towards  less  CO2 intensive  future.  As  an  example, the Carbon  Neutral Municipalities 

project,  HINKU, which promoted support  and  participation on a municipal  scale  is 

introduced. HINKU  project joins together  municipalities  and  offer  a  database  of 

relevant solutions and information to increase energy efficiency and utilization of clean 

tech solutions. HINKU aims at activating municipalities to actively seek CO2 reductions 

and to encourage citizens and companies to join the movement of clean tech utilization 

and  climate  change  mitigation.  Municipalities  create  energy  and  climate  change 

mitigation  strategies  and  execute  solutions  that  vary  from  single  building  solar  PV 

projects to wind power parks. HINKU project has been recognized abroad. (Syke, 2016) 

3.5.1 The Carbon Neutral Municipalities project HINKU 

The Carbon Neutral Municipalities project, HINKU, began in 2008 and is coordinated 

by the Finnish Environment Institute (SYKE), a national environmental research centre 

under  the  Ministry  of  the  Environment. The  HINKU  project  brings  municipalities, 

businesses,  citizens  and  experts  together  for  the  joint  pursue  of  sustainability,  low 

carbon future and energy self-sufficiency. The involved municipalities are committed to 

reduce their greenhouse gas emissions more extensively and rapidly than required in the 

EU  targets,  by 80%  in  their  area  by  2030  compared  to  the  GHG  emissions levels  of 

2007. (HINKU, 2016) 

Number  of  member  municipalities is  33  and  constantly  increasing,  altogether having 

more  than 630 000  inhabitants  that  account  for  nearly  12%  of  the  Finnish  population. 

On average HINKU municipalities have reduced 21% of their GHG emissions between 

years 2007-2013. (HINKU, 2016) Ii, Muhos and Tyrnävä are the northernmost HINKU 

municipalities and the only municipalities located at the RECENT project area of North 

of Finland. Given that Muhos and Tyrnävä joined HINKU project in 2016, participating 

to Hinku project in North of Finland is both novel and rare. Participating municipalities 

are presented in Figure 10. 
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Figure 10. The 33 partaking Municipalities of the HINKU project by November 2016. 

(HINKU, 2016) 

HINKU project  aims  to  unite  relevant  stakeholders  to  create  and  execute  GHG 

reduction  solutions  having  economic,  social  and  environmental  benefits.  Eventually 

information  and  experiences  of best  available  practices are  shared  and  given  to  the 

availability of municipalities at project’s website, hinku-foorumi. Summaries of actions 

are shared on the cooperation platform at the HINKU webpage by using HINKUmappi 

application. These platforms are web-based interactive tools that seek to enable efficient 

information and experience sharing. (HINKUmappi, 2016) 

Summaries  contain  compact  case  descriptions  and  offer  directional  information  of 

investment  costs,  avoided  GHG  emissions,  operation  costs  before  and  after,  return  of 

the  investment  and  user  experiences.  Cases  presented  on  the  webpage  make  up  a 

widespread  collection  of  procedures,  such  as  switching  from  oil  heating  to  renewable 

sources,  applying  solar  power,  real  estate  energy  renovations,  newly  built  energy 

efficient  buildings,  techniques  for  water  consumption  reduction,  deployment  of 

bioenergy production, applying energy efficient street lights, etc. (HINKUmappi, 2016) 
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The  Hankintamappi  tool  provides  local  residents,  companies,  and  leisure  apartment 

owners joint procurement/tendering program to acquire solar PV and thermal panels. In 

2013  the HINKU project organized  a  joint  solar  panel  acquisition  together  with 

municipalities  that  summed  for  approximately  10  %  of  the  total  amount  of  Finland’s 

solar panel systems that year. This joint acquisition depressed the price almost half from 

the existing level. (Hankintamappi, 2016) 

A  group  of  approximately  40  Finnish  environment  technology  companies  and  experts 

from different backgrounds are involved as project partners. Municipalities companies 

have  cooperated  to solutions implement  solutions to mitigate climate  change.  For 

example, innovative waste collection systems have been introduced and new solutions 

for  geothermal  heat  systems  in  animal  farms  have  been  developed.  Waste  heat  of 

companies  in  the  central  heat  systems  are  being  developed  and  utilized  as  coastal 

municipalities  and  wind  power  companies  have  found  and  seized  opportunities. 

(HINKU, 2016) 

HINKU project encourages municipalities to develop their energy strategy by compiling 

road maps that take into account the strengths of each municipality and possibilities for 

economical  profitability.  For  example  the  Municipality  of  Ii,  with  ten  thousand 

residents,  located  in  North  of Finland has achieved notable  results  in  HINKU  project. 

(HINKU,  2016) Implementations  promoting  energy  efficiency  and examples  of 

renewable  energy  solutions  related  to  the HINKU project  will  be  presented  in  more 

depth in the next chapter, sustainability on community scale. 

3.6 Sustainability on Community scale 

This  chapter  presents  few  implemented  examples  of  the HINKU project in northern 

communities.  These  examples  consider feasible  solutions  with  notable  savings  or 

generation  in  terms  of  energy  and environmental  benefits.  Emphasis  is  put  on  decent 

payback times for solutions that function in the North of Finland. Municipality of Ii is 

presented  in  more  detail  due  to  their  effective  and  productive  participation  in HINKU 

project. At the end of the chapter a definition of a sustainable community is presented 

and standards of activity that promote sustainability on community scale are portrayed. 
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3.6.1 Community scale actions for Sustainability in the Municipality of Ii  

The Municipality of Ii joined HINKU project in 2012 saving a total of 4 818 MWh by 

2014,  which  is  an  equivalent  energy  consumption  of 241  electric-heated  single  family 

houses.  Energy  consumption  in  municipal  owned  buildings  has  been  analysed  and  as 

result oil-heating systems have been replaced with local and renewable sources such as 

biomass (wood chips) and geothermal heating. Actions have led to 85% reduction in oil 

use, thus saving 310 000 litres of oil, an amount that equals 240 000 euros. Municipality 

of  Ii  has  also  acquired  electric  vehicles  for  its  employees  and  built  a  public  charging 

stations in the region that use 10 000 kWh of locally produced wind power per year. Ii 

has encouraged  its  residents  to  reduce  their  emissions  by  organizing  Energy  Days  in 

public schools where teachers and students were introduced energy saving methods by 

energy experts. Advice was given on recycling, optimizing energy and water usage and 

lighting. (HINKUmappi, 2016) 

3.6.2 Community scale actions for CO2 reductions 

Within  the  HINKU  project  framework  various  acquisitions  related  to  CO2 reductions 

have been made, of which the Municipality of Ii has reported a number of. For example 

geothermal heat harnessing installations have been implemented at a number of projects 

in Ii. The elementary school of northern Ii, e.g. changed its form of heating from oil to 

ground source heat pump heating. This implementation resulted to annual CO2 emission 

savings of 85 000 kg. Heating expenses by this installations decreased from 41 000 €/a 

to  12 000 €/a,  giving  a payback time  of  5  years  for  the  investment.  (HINKUmappi, 

2016) 

Acquisitions related LED, electric cars and solar PV systems had also been reported. At 

the primary school of Hamina, in Ii, LED lighting was installed and annual CO2 savings 

of 1580 kg were acquired. Investment of 2000 € was estimated to return its costs in 2,9 

years due to decreasing the annual lighting costs from 840 € to 170 €. Creating charging 

stations  for  electric  cars  project  in  Ii  has  advanced  as  the  charging network  has  been 

extended and electric car acquisitions for the employees of the Municipality have been 

made.  Annual  CO2 reduction  of  2050 kg  is  estimated  to  be  achieved  by  these 

implementations.  A  joint  solar photovoltaic  (PV) acquisition  organized  by  the 

Municipality of Ii related to the HINKU project resulted to ten solar PV power plants 
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being  installed  by  September  2015.  Combined  power  of  these  solar  PV  plants  was  31 

kWp. (HINKUmappi, 2016) 

3.6.3 Definition of a Sustainable Community  

Roseland (2012) in his book Towards Sustainable Communities defines community as 

“a  group  of  people  bound  by  geography  and  with  a  shared  destiny,  such  as  a 

municipality  or  a  town” Roseland,  (2012)  suggests  community  scale  strategies  and 

actions  towards  sustainable  development  should: “...favour  bottom-up  over  top  down 

approaches,  redistribution  over  trickle  down;  self-reliance  over  dependency;  a  local 

rather than a regional, national or international focus; and small-scale projects rather 

than  grand-scale  or  mega  projects. As  well,  they  should  be  designed  with  extensive 

public  participation;  seek  to  improve  society  and  the  environment  as  well  as  the 

economy; and result in increased equity, equality and empowerment” (Roseland, 2012).  

As  the  perspective  of  Roseland  (2012)  places  emphasis  on  the  small  scale  local 

solutions  as  mean  to  thrive  towards  global  scale  sustainability  definition  of  Dawson 

(2006) proposes that sustainable community is a “human scale full-featured settlement 

in which human activities are harmlessly integrated into the natural world in a way that 

is supportive of healthy human development and can be successfully continued into the 

indefinite future”. This proposes that the community does not only minimize its impact 

on  its  surroundings  and  environment,  but can  actually  carry  a  positive  effect  of 

regenerating  social  and  natural  environments.  As  the Global  Ecovillage  Network 

outlines: “An  ecovillage  is  an  intentional  or  traditional  community  using  local 

participatory  processes  to  holistically  integrate  ecological,  economic,  social,  and 

cultural  dimensions  of  sustainability  in  order  to  regenerate  social  and  natural 

environments” (GEN, 2016). 

In  a  sense,  community  can  be  considered  as  the  smallest  fragment  of  sustainability  in 

the perspective of subjective well-being. Study of Tay & Diener (2011) implicates that 

subjective well-being is not only influenced by meeting the basic material and physical 

needs of an individual, but is influenced by the need fulfilment at the societal level. The 

well-being of a community influences the well-being of an individual, and vice versa. 

This work will further consider community renewable energy solutions. Therefore, the 

following  chapter will  concentrate on  assessing  the  possibilities  of  distributed  small-

scale energy generation systems. 
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4 Community technological energy improvements 

Distributed  energy  systems  and  local  small-scale  energy  generation  technologies  are 

related to the local degree of sustainability. These topics are presented in this chapter to 

give examples  of  existing  solutions  and  possible  future  pathways  for  building  more 

resilient  communities. Community  renewable  energy  projects and  energy  efficiency 

solutions provide a higher degree of energy self-sufficiency, increased energy security 

and  decreased  CO2 emissions. Factors  hindering  the  diffusion  of  innovation and 

implementation of solutions proven to function are brought forward. Some of the energy 

efficiency and low-carbon energy generation solutions suitable for North of Finland are 

represented.  

4.1 Distributed energy generation systems  

Distributed Energy (DE) generation systems are defined by their feature of conversion 

units  being  situated  close  to  energy  consumers.  Distributed  energy  generation  means 

that  single  buildings  can  be  self-supporting  either  completely  or  to  certain  degree  in 

terms  of  electricity,  heat,  and  cooling  energy (Alanne  &  Saari,  2006). DE  systems 

adopters are  not  necessarily only  energy  consumers  but prosumer also.  Prosumers  are 

able  to  produce  heat  and electricity for  their  own  needs  and enabled to sell excess 

electrical  power to  the  electric  grid  or to share excess  heat energy via  district  heating 

network system. (Nystedt et al., 2006) DE systems commonly utilize renewable energy 

sources  and  rely  on  small-scale  energy-generating  technologies  such  as  photovoltaics, 

micro-wind  turbines,  small combined  heat  and  power  (CHP) installations,  ground 

source  heat  pumps,  biofuel  boilers  or  micro-hydro  systems.  In  centralized  energy 

generation  heat  and  power  are  produced  in  large-scale  power  units,  from  which  the 

energy  is  transmitted  via  electricity  grids  and  district  heating  systems.  Advantages  in 

economy  of  scale  are  achieved  by  centralized  energy  generation  systems,  yet 

disadvantages  of  centralized  energy systems  are  related  to  power  transmission  losses 

and the energy security issues related to the vulnerability and fuel dependency of large 

energy generation facilities. (Gaia, 2014) Figure 11 presents the definition of distributed 

and centralized energy generation systems where the distance from consumer and size 

of the generation system are the main determinants.  
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Figure 11. Definition of distributed energy generation. Modified from Gaia (2014) 

4.1.1 Distributed energy systems and sustainability 

Sustainability  of  the  DE  systems  is  strongly  related to  the depletion  of  non-renewable 

energy  resources  and  climate  change,  which are  major  challenges  encountered  by  the 

societies  of  our  time. The shift  towards  renewable  energy  sources  and  more  efficient 

energy  consumption is essential.  (IPPC,  2014, Valkila &  Saari,  2010) The  basic 

requirement for a sustainable energy  system is  the  ability  of  energy  systems to 

“generate  enough  power  for  everybody’s  needs  at  an  affordable  price’  and  to  ‘help 

supply the clean, safe and reliable electricity”. (Bonser, 2002) 

As a rule, energy efficiency can be improved anywhere, where energy is being used. As 

a  result  of  the  losses  and  transfers  in  centralized  energy  production,  local  production 

and efficient energy usage are promising future strategies for energy systems. (Nygren 

et al., 2015) Another perspective that supports local energy production is that renewable 

energy  sources  tend  to  be  more  diffused  than  non-renewable  energy  sources.  Local 

energy  production  enables harnessing  renewable  energy  and  to increasing  the  share 

renewable energy in small scale energy production. (Salomón et al., 2011, IPPC, 2014) 
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Alanne  &  Saari,  (2006)  state  that substituting conventional large centralized energy 

generation with distributed  generation is  a  rising  trend  and  an  emerging  field  of 

research. Sustainability and flexibility of DE systems is associated with their scalability 

and ability to utilize various local resources, energy conversion technologies and fuels. 

The main characteristics of a sustainable energy system are techno-economic feasibility, 

efficiency, reliability and small environmental impact. In addition to the distribution of 

energy  technologies, DE systems lead to reallocation  of  decision-making,  expertise, 

ownership,  and  responsibility  of  energy  supply.  (Alanne  &  Saari,  2006) O’Brien  & 

Hope (2010) also point out the positive effect of decentralized energy systems in terms 

of  better  energy  security  and  more  diffused  ownership  of  the  energy  generation 

technologies. 

Strength of DE systems is based on the large variety of distributed and locally available 

renewable resources,  which benefits  decreasing  dependency  on  fossil  fuels enhances 

energy  security  by  enabling  energy  generation  even if centralized  energy  generation 

system faces failure. Thereby local energy production increases energy (electricity, heat 

and fuel) security by reducing dependency on large centralized energy generation units 

and imported  energy. Efficiency  of DE  generation  systems is  due  possibility  of 

optimizing specific local  energy needs by optimal  energy  generation,  distribution  and 

storage  management. (Manfren  et  al.,  2010) Alanne  &  Saari,  (2006)  predict  that in 

future  energy availability  guaranteed  by  a mixture  of  centralized  and  distributed  sub-

systems that operate parallel to each other (Figure 12).  

 

Figure 12. Distributed energy systems modified from (O’Brien & Hope, 2010) 
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According  to a VTT  (2015a)  report  considering  the  future  of  renewable  energy  and 

decentralized  energy  production  technologies, the  markets  of  renewable  energy 

technologies  and  the  decentralized  energy  production  are  continually  expanding.  The 

market growth is ensured, for example by international and EU policies for renewable 

energy  production, EU  directives  for  increasing  competition  within  the  electricity 

industry and  continuously rising  prices  of  fossil fuels. Local  energy  production  also 

increases local business by creating opportunities. For example, energy production from 

local  waste reduces  waste  management  costs,  thus  promotes other  local  business  and 

local employment. (VTT, 2015a) 

4.1.2 Hybrid Systems 

An  energy  system  that  uses  more  than  one  energy  source  is  called  a  hybrid  system. 

When renewable  energy  sources and  technologies are  chosen  appropriately by 

considering  the geological location  and  local  conditions the  need  for external  energy 

supply  will  be  considerably  reduced.  (Olatomiva  et  al.,  2016)  “Renewable  energy 

technologies, such as wind, solar - and biomass – based energy generation are seldom 

sufficient on their own to meet the energy needs of society, but the full benefit of those 

distributed and small scale local energy generation technologies can be obtained when 

they  are  used  to  complement  each  other.“  (VTT,  2015a). A  hybrid  system  can  be  a 

combination of all or some suitable technologies for some specific region. As in Figure 

13,  suitable  technologies  for  North  of Finland  for  example  could  be  a  combination  of 

small-scale CHP, solar PV and thermal heat pump. 

 

Figure 13. “Stand-alone” hybrid energy generation model, modified from (Alanne & 

Saari, 2006). 
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Combining  together different  technologies  can  form  a  strong  hybrid  solution that  is 

adapted to local needs. Technologies can interconnect and work in symbiosis, in a way 

that  the waste  from  one  process  becomes  raw  material  or  fuel  for  another.  Certain 

technologies can operate on side flows or waste of other technical processes and thereby 

side  benefits are  provided.  Examples  of  these  benefits  are  such  as energy  from  waste, 

carbon capture  and  nutrient  runoff  reduction. To  fully  realize local  energy  generation 

potential,  correct  technological  solutions are  to  be  utilizing  local  resources  efficiently 

and there-by  achieving high  primary  energy  efficiency  to  meet  the  local  need.  (VTT, 

2015a)  

4.1.3 Designing distributed energy systems  

Traditionally  the  concept  of  sustainability  is  considered to  consist of  social,  economic 

and environmental viewpoints, however in designing energy generation systems there is 

the  need  for  the  integration  of  the  technical  aspect  to  the  concept  of  sustainability. 

(Louie et al., 2014; Akinyele & Rayudu, 2016). Figure 14 presents sustainable energy 

systems in the context of sustainability.  

  

Figure 14. Sustainability in the context of energy systems, modified from (Akinyele & 
Rayudu, 2016) 

Research  of Akinyele &  Rayudu  (2016) focused  on  the  potential  off-grid  energy 

generation  systems  to  provide  energy  for small  and  isolated  communities. Due  to 

climate  change  and  the  compelling  need  for  environmental  sustainability  the  global 

community is strongly promoting the use of eco-friendly energy technologies. Existing 

high  optimism  about  renewable  electricity  generation  to  improve  energy  situation  of 

remote  locations  might  fall  to  the  lack  of  knowledge  and  understanding  of  the 

appropriate strategies that are necessary to realize successful energy systems. Absence 
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of appropriate  strategies  and  adequate  knowledge  invariably  leads  to  unreliable  and 

unsustainable  energy  systems,  which  in  the  case  of  deploying  renewable  energy 

technologies  is  major  setback.  This  phenomenon  highlights the  importance  of  the 

planning  approaches  to  attempt  to  integrate  the  necessary  processes  and  stakeholders 

during the pre-design, detailed design, implementation and post-implementation stages, 

with reference to global engineering standards. (Akinyele & Rayudu, 2016) 

In terms of designing a sustainable small-scale energy generation system the definition 

Louie et al (2014) presents well the importance of the capability of an energy system to 

continually generate electricity for the intended users by stating that sustainability for a 

small-scale  energy  generation is  ‘‘the  perceived  potential  for  a  system  or  project  to 

endure, build a self-perpetuating capacity within a community, and ultimately reach the 

end of its predetermined life span or evolve into another beneficial form”. 

4.1.4 Diffusion of innovation 

Gradual  change  towards  rising  degree  of  decentralization  is  a  transition  process  of 

innovation  diffusion.  Diffusion  of  innovations  refers to  a  process  where  ideas  and 

certain innovations spread through interaction channels inside a social system. Diffusion 

of innovation is not only a question of technological development and rational choices; 

it  is  also  a  social  process.  Even  evidently  feasible  innovations  will  not  diffuse 

automatically  among  potential  adopters.  Competing  innovations,  social  norms  and 

routines  or  simply the  absence of  efficient  communication might  hinder  or  inhibit  the 

diffusion process. (Rogers, 1995) 

The diffusion of new energy technologies takes place in stages ranging from innovation 

to  adoption  and  stabilization.  Key  factors  preventing  adoption  of  new  innovations  are 

path  dependence  and  technological  lock-in,  features  that  were  mentioned  already  in 

Chapter  2.2 Need  for  Sustainability Transition.  Both  terms  refer  to  a  situation  where 

earlier choices and processes have created structures that prevent or hinder adaptation of 

new  innovations  or  technologies.  (Nygrén  et  al.,  2015)  In  terms  of  key  factors 

preventing or hindering larger scale adoption of local energy generation systems is often 

the narrowing perspective  of costs,  where  decisions  are  made mainly upon  cost 

estimations while positive side-benefits are disregarded. Another factor is that the smart 

interactions  between  different  technologies  and  the  possibilities  of  hybrid  solutions  as 

business  models  are  not  yet  fully understood. Varying  legislation,  local  authority 
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requirements  and  local  community  planning  practices  create  barriers  for  system 

standardization and thereby inhibit mass production and scale of economy advantages. 

Lack  of  common European  and international  calculation  methods  for analysis  of  new 

and renewable energy systems is a common obstacle that companies face when trying to 

export their products. (VTT, 2015b) 

4.2 Hybrid energy technologies and energy efficient solutions 

An  energy  technology  to  function  in the North  of  Finland  for  electricity  and/or  heat 

production requires considering the local opportunities and limitations. In the following, 

information  on energy efficiency  and  suitable  small-scale  local  energy generation 

technologies applicable for northern rural communities are reviewed.  

Traditional methods such as improving the level of thermal insulation and the tightness 

of  the  building’s  envelope  and  by  improving  the  efficiency  of  heat  recovery  from 

exhaust  air have  been  used  to  increase  the  energy efficiency  of  buildings in  the  past 

years. Ground source heat  pumps (GSHP) and  exterior  air  heat  pumps are  so  far  the 

only  energy  technologies  that  have  been  implemented  on  a  larger  scale  in  Finland. 

(VTT, 2015b) It is common among the newly built houses to operate an air source heat 

pump  and  in  2011  nearly  half  of  the  newly  built  detached  houses  chose  GSHP  as  the 

primary heating system. Limitations in the implementation of GSHP are related mainly 

to  the  difficulties  in placing  the  ground  collector systems and houses  that  are  built 

without underfloor heating system based on water circulation, require large renovations 

to install such a heating system. Costs of renovation combined with the costs investment 

create  economically  unfeasible  scenario,  even  though increase  in  energy  efficiency 

would be acquired. (Adato, 2013) 

Feasibility and practicality of the energy technology and efficiency solutions proves to 

be an important factor in decision making. Determining factors are much related if the 

house is already built or soon to be built.  Planning before the building has commenced 

has proven to  be  very  beneficial  for  solutions  such  as  passive  solar  or  underfloor 

heating. As  Motiva  (2016a)  states, in  the  planning  phase  of  a  house,  90%  of  the  total 

building costs and approximately 80% of the total future energy usage are decided. 
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4.2.1 Passive solar and energy efficient housing 

Architectural design is an essential tool towards energy efficient buildings. The shape of 

the  buildings  affects the  building  envelope  area exposed  to  outside  weather  and 

temperature.  As  compact  shape  buildings  have  less  floor  space  and  building  envelope 

surface  area,  less  heat  losses  occur.  Especially  in  cold  climates, compact  shape  saves 

heat  energy  and  allows  more efficient  functioning  of  heating,  ventilation  and  air 

condition devices. (Bauer et al. 2010, Stevanović 2013) Passive solar heat gain can be a 

considerable  heat  source  as  according  to  Voss  &  Wittwer  (2013)  it  can  account  for 

approximately 10 – 15% of the total heat demand. 

To enable utilizing passive solar radiation the south facing facade of the building should 

be equipped with windows of large glaze area. Incoming radiation brings both light and 

heat, thus resulting in a decreased need for heating during cold periods and a decreased 

electricity consumption for artificial lighting. (Kämpf et al., 2010) North facing facade 

is  exposed  to  cold  wind and  contributes  to  heat  losses,  therefore  should  have  smaller 

windows  and  adequate  insulation. Passive  methods to  prevent  excess  heating  of  the 

house  in  the  summer  time  are  e.g.  eaves,  sun  blinds  and  vegetation.  Deciduous 

vegetation can be used to minimize solar gains in the summer times, while maximizing 

the income heat and light during cold months. (Bauer et al. 2010)  

To prevent heat losses on the northern facade of the building sheltering vegetation and 

other buildings can be utilized to create more suitable micro-climate. Room placement 

can be considered to achieve energy efficient buildings. Bedrooms, storages and spaces 

that require less heating and lighting can be oriented north, while living rooms, offices 

and spaces that require more light and heating to be orientated south. (Bauer et al. 2010)  

Electricity  consumption  can  be  reduced  by well-designed  and  correctly  placed energy 

efficient artificial  lights, such  as  LED, while the amount  of  daylight utilization  is 

maximized. When there is enough available daylight, artificial lighting should be used. 

(Kämpf et al., 2010)  

4.2.2 Energy recovery 

In  addition  to architectural  solutions  such  as  isolation  and  optimized  glazing  for  light 

and heat, energy recovery is a central aspect in energy efficient building. Heat recovery 

systems are becoming increasingly popular and are nearly a default in new buildings in 
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Finland.  As  warm  and unclean air  is  removed  from  the  building  interior,  heat  can  be 

transferred  to  the  fresh  and  colder  air  entering  from  outside.  The  filtered  fresh  air  is 

warmed  by  the  heat  of  the  outflowing  air  before  the  fresh  air  is  introduced  to  the 

building interior. Better energy efficiency of the building is achieved as the heat is not 

released  outside. The  heat  recovery  system  can cool  the  incoming  warm  and  fresh  air 

and  by  then  maintain  the cooling  energy within  the  building.  Heat  recovery  units  can 

moderate and capture moisture and lead to better controlled and healthy moisture levels 

in  the  building.  The  control  of  moisture  levels  is  important issue especially  in  highly 

energy  efficient,  well  isolated buildings,  where  moisture  can  condense  on  thermal 

bridges. (Awbi, 2008) 

4.2.2 Fireplaces in heat production 

Heating  and  recovering  heat  alongside storing  heat  are  central  aspects  for  energy 

efficiency. Furnaces and fireplaces can be used as thermally heavy heat storages.  Heat 

created  by  burning  of  wood  spreads  to the  surrounding  air  through  convection  and 

radiation. Heat from the fireplaces and furnaces can be used to heat water, which then 

can circulate  in  household  heating  systems,  such  as  underfloor  heating  and  radiators. 

Water  is  the  most  common  media  in heat  transfer due  to  its  heat  capture properties. 

(Seppänen & Seppänen 2004) 

Efficiency of the new fireplaces has increased in the past years. Well-designed modern 

fireplaces with a heat storage can have efficiency of 80-85%, meaning that 80-85% of 

the  energy  stored  in  wood  is  released  and  captured  in  the  process  of  burning. 

Households can utilize one or more fireplaces and to join the chimneys of the fireplaces 

to one heavy chimney breast that captures and stores the heat. Thereby having a wooden 

sauna does not necessarily cause significant extra costs. Used firewood should be as dry 

as possible to ensure highest efficiency in burning and choosing the type of wood also 

affects  the  amount  of  heat  energy  released  per  cubic meter  of  wood.  Birch  has  the 

highest  heat  value  of  1700 kwh/m3 and  pine  the  second  highest  1360 kwh/m3. 

Fireplaces are especially good in electricity and geothermally heated houses for cutting 

the electricity consumption pikes during cold periods. Advantage of fire places is that 

they  function  well  as  a  backup  heating  system,  even  during  power  outage.  (Motiva, 

2009) 
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Fireplaces are optimally located in the middle of the house to ensure even distribution 

of heat. As wood is burned in the fireplace the combustion gasses exit the house trough 

chimney and replacement air is required. Especially in modern low-energy and passive 

energy houses tight isolation might cause problems in terms of the replacement air, and 

as introducing cold air in to house would not be energy efficient, replacement air can be 

led from outside, straight to the fireplace. (Motiva, 2009) 

4.2.3 Solar photovoltaic system 

 In  colder  climates,  the  largest  restrictive  factor  for  the  use  of  solar  energy  is the 

seasonal  variance.  During  winter  months,  when  the  amount  of  solar  radiation  is  very 

limited, the electricity and heat demand are at maximum. Daily irradiation varies by the 

turning  of  night and day, by weather  conditions of  sunny  and  cloudy.  Rather  low 

efficiency of  solar  equipment and  the  presence  of  pollution in  some  regions, are 

restrictive factors affecting the energy production. Yet, during the summer months solar 

energy is  capable  of delivering significant amounts of  energy,  even  in  the  North of 

Finland. (Duffie & Beckman, 2006)  

As  the  prices  of  solar  equipment  have  decreased  significantly  in  the  past  years, 

harnessing solar energy is becoming increasingly popular. Active use of solar radiation 

in  buildings can  be  distinguished  to two  segments,  to solar  thermal  collectors that 

collect  heat, and to solar  photovoltaic  (PV)  cells that  generate  electricity. (Duffie  & 

Beckman, 2006) Solar cells convert the photons originated from the Sun into electricity, 

usually with an efficiency of 10 – 20 %. Generated direct current is usually converted 

from  DC  to  AC,  to  be  suitable  for  domestic  appliances. (Luque  &  Hegedus,  2003) 

Whereas, the  absorption  surface  of  solar  thermal  collectors  absorbs heat  from  solar 

irradiation  and  transfer  the  absorbed  heat  to  fluid,  which  is  circulating  through  the 

collector  system.  Heat  transferred  to  the  fluid  can  provide  supplementary  heating  for 

space  and  water  heating.  (Duffie  &  Beckman,  2006) The  amount  of  available  solar 

irradiance  varies  significantly  depending  on  location,  even  within  the  borders  of 

Finland.  Available  solar  irradiance  is  among  the  main  determinants  for  the  gain  of 

electricity provided by the solar PV installations, and therefore is in direct relation with 

the feasibility of the acquisition. (Motiva, 2016a) Figure 15 presents the annual sum of 

global solar irradiation in Finland.  
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Figure 15. Annual sum of global solar irradiation in Finland. (PVGIS, 2014) 

Feasibility of Solar PV system is affected by a multiple factors. Sizing and system price 

being  among  the  most  important  for  economic  feasibility.  Electricity  price  at  the 

location,  solar  irradiance  at  site,  system  space  requirement  and  installation  costs  are 

important  for  consideration.  Vital  for  the  efficiency  of  solar  panels  is  to  maximize 

productivity  with  optimized  orientation  and  minimized  shading.  Shading  can  notably 

reduce the overall electricity generation of the system. (Motiva, 2016a) 

Sizing of the solar PV system is essential factor when considering the feasibility of the 

investment.  Baseline  for  the  sizing  is  to  design  a  system  that  generates  a  quantity  of 

electricity that can be mostly utilized on site and the share that is left to be sold to the 

electricity  grid is  minimized.  This  is  due  to  the  low monetary value  received  from 

electricity  sold  to  the  grid.  Price  of  electricity  that  is  bought  from  the  grid  consists  of 

kWh consumed, of tax and of transmission costs. Compensation of the sold electricity 

does  not  include tax  and  transmission  costs  and  is  therefore  substantially  smaller. 

(Motiva, 2016b) As the sizing of solar PV system is in direct relation with the share of 

self-utilized electricity, principles for solar PV system that is connected to the national 
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grid according to Motiva (2016b) are presented. Sizing can be based on one or some of 

the following: 

- Sizing based on base consumption; 

- Sizing based on average or maximum consumption in summer time; 

- Sizing based on average annual consumption; 

- Sizing based on energy self-sufficiency; 

- Sizing based on available surface area for solar panels; 

- Sizing based on available sum of investment. 

Advantage of already built buildings in sizing of solar PV systems is the availability of 

data of annual, monthly, daily and hourly electricity consumption. Data from the time 

span of one year can be used to assess the base consumption with rather good precision. 

Base consumption is the quantity of electricity that is consumed every hour of the day 

when solar PV generated electricity is available, which implies that if base consumption 

during night time is zero, it is not needed to be taken in to account. (Motiva, 2016b) 

When consumption data is not available, as it is not in normally in constructions that are 

not  yet  built,  the assessment  can  be  based  on  similar  type  of  a  building  consumption 

patterns. Also the degree of domestic appliances and their electricity consumption can 

be  combined  with  the  consumption  pattern  of  the  similar  type  of  a  building.  (Motiva, 

2016b) 

4.2.4 Ground source heat pump 

Geothermal sources include air, water and ground. In buildings geothermal applications 

can generally provide heating and cooling. With current heat pump devices, heating and 

cooling  are  provided  extensively  in  regions  of  different  climates.  Functioning  of  heat 

pumps is based on the principle of extracting heat energy from a low energy system (air, 

ground  or  water)  and  introducing  heat  to  a  high  energy  system  (building)  by  a 

compressor.  Refrigerant  is  used  as  a  distribution  media  that  flows  in pipes  that  are 

usually closed loop. (Kreider, 2001) 

Ground-source heat pumps (GSHP) utilize soil or bedrock as heat sinks and sources of 

heat. GSHP collector systems  can  either  be  vertical  or  horizontal.  Disadvantage  of 

vertical ground  collector system  installation is  the  moderately  expensive  initial 
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investment. In some cases the difficulty of horizontal piping systems is the area of space 

that  the system  requires.  Space  requirement  can  be  a  problem  especially  in  urban  or 

densely  populated  areas.  (Awbi,  2008) Within  the  framework  of  this  thesis,  the  area 

where  the  systems  are  planned  to  be  installed  has  a  designated  area  for  horizontal 

ground collector system, therefore this chapter concentrates more on the functioning and 

feasibility of such systems. Figure 16 presents a GSHP surface collector system. 

 

Figure 16. Model of a horizontal GSHP collector system made with SketchUp 

Horizontal ground collecting systems utilize heat stored to the surface layers of ground. 

System  is  normally  installed  to  the  approximate  depth  of  1 m,  and  to  more  depth  in 

Northern  Finland.  (Motiva,  2011) Length  of  the  horizontal  ground  collector  system  is 

normally 300-400 m and at minimum the distance between pipes of the circuit is 1,2 m. 

(Motiva, 2012) 

Annual  heat  energy  demand  of  a household  is  the  single  most  important  factor  for 

GSHP system sizing. Heat energy demand is based on annual difference between indoor 

and  outdoor  temperatures,  on the  level  of  insulation, other  applied heat  sources,  air-

condition  and  geographical  location. (Ympäristöopas,  2013)  Soil  type  and  moisture 

content are significant influencers affecting the required length of the horizontal piping 
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system due to heat transfer properties. For example clay requires 30-40% shorter piping 

system than sandy soil. Due to ground frost stony soil might damage the piping system. 

The collector system sizing based upon the space and water heating requirements of the 

designated house. (Motiva, 2012)  

Table 4 Receivable heat from ground by horizontal collector system installations. 

(Laitinen et al. 2011) 

Geographic area 
Receivable heat from ground (kWh/m/a) 

(kWh/m/year) Clay Sand 

Southern Finland 50 – 60 30 – 40 

Middle Finland 40 – 45 15 – 20 

Northern Finland 30 – 35 0 – 10 

The operation efficiency of GSHP system depends on how much electricity the system 

utilized  to  produce  the  required  amount  of  heat  energy.  Coefficient  of  Performance 

(COP) factor presents the ratio between consumed electricity and produced heat energy. 

On average in Finland, COP for GSHP is three, which implies that one kW of electricity 

produces 3 kW of heat energy. Thereby, two thirds of GSHP heat energy originates of 

renewable ground heat and one third is generated by electricity. Motiva (2016c) 

Sizing is based on the degree that the ground source heat pump is expected to deliver 

heat energy for space and water heating purposes. When sizing is based to provide 60-

80% of the peak heat energy demand, ground source heat pump can deliver 90-98% of 

the annual heat energy need. During the coldest periods extra heating is required, which 

can  be  produced  by alternative  heating  solutions,  such  as  fireplaces  or  electricity. 

(Ympäristöopas, 2013) 

According  to  Motiva  (2016c)  on  ground-source  heat  pump  systems  that  are  installed 

during  the  building  of  a  new  150 m2  house, which  is  a  common  size  for  a  house  in 

Finland, the  costs  are  approximately  between  12 000-16 000 €.  As  a  rule,  due  to  the 

large initial investment, the larger the space and water heating demand by a house, the 

more  feasible the  acquisition  of  GSHP  system is. More information on GSHP  is 

presented in Section 7.1 GSHP system.  

Although many applications and technologies exist that can be used to support local and 

distributed  energy  production,  they  are  not  explained  in  depth  in  this  thesis. Energy 
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generation  solutions  such  as  micro-CHP,  fuel  cells,  and  wind turbines  are  suitable  in 

many locations in Finland, but considered unsuitable for the purposes of the pilot site of 

this  thesis.  Solutions  such  as  demand  shifting  and  peak  demand  reduction  by  Smart 

energy  management,  and  advanced  technologies  in heat  and  electricity  storage 

possibilities are  becoming  more  popular,  and  could  be  further  tested  at  the  pilot  site 

proposed in this thesis.  
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5 Feasibility Assessment tool 

As  per  requirement set  by  the  RECENT  project for this  thesis, a  set  of assessment 

templates  were  developed to  assess  the sustainability rural  renewable  energy  projects. 

Nine sustainability indicators were chosen to form sustainability assessment templates, 

which  together  provide  visually  tangible  radar  diagram on  sustainability  issues. These 

templates  and  the  sustainability  radar  are  as  Appendix  1  at  the  end  of  this  thesis. 

Sustainability radar diagram aims presents some of success and shortcomings related to 

the pilot communities of the RECENT project. Aim of this tool is to offer communities 

and  stakeholders  to capacity  to assess  the  potential sustainability  of the  pilot project. 

Sustainability  assessment  templates  do  not  necessarily  offer  straightforward  solutions 

for  improving  various  aspects of  sustainability,  but help  in creating  awareness  over 

some of the issues that might otherwise be left unnoticed. Sustainability assessment tool 

is most suitable for small communities that aim to increase the share of self-generated 

energy and to promote the use of renewable energy technologies. 

Sustainability assessment is briefly introduced in this chapter in relation to sustainable 

development and  energy  technologies.  In modern  societies  new  technologies  play  a 

central  role  enabling capacities  for  social  welfare, choosing  the  most  adequate 

technologies  has  the  greatest  importance  in  steering  the  world along  a  socially  and 

environmentally sustainable pathway. (Janeiro & Patel, 2015)  

According to Ness et al. (2007) “The purpose of sustainability assessment is to provide 

decision makers with an evaluation of global to local integrated nature - society systems 

in short and long term perspectives in order to assist them to determine which actions 

should  or  should  not  be  taken  in  an  attempt  to  make  society  sustainable”  

Acknowledging  what  requires  improvement  enables  to  set  goals  and  targets,  and 

ultimately  to take  the  measures  needed  to  achieve  the  improved  and  more  sustainable 

stage.  Commitment  to  pursue  long-term  sustainability  in  economic,  social  and 

environmental dimensions is the prevailing condition for sustainability. (Patton, 1996)  

To  measure  change  and  gain  information  for  decision  making  and  understanding  the 

prevalent situation, indicators are used. Indicator is either a quantitative or a qualitative 

factor  or  variable  that  provides  simple  and  reliable  means  to  reflect  the  occurring 

changes.  Indicators  enable  perceiving  differences,  improvements  or  developments 

relating  to  a  desired  change  (objective  or  result)  in  a  particular  context. (Church  and 
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Rogers, 2006) Indicators consist of information that signals change and are considered 

to be “inevitable approximations. They are not the same as the desired change, but only 

an  indicator  of  that  change.  They  are  imperfect  and  vary  in  validity  and  reliability.” 

(Patton, 1996).  

Indicators  were  chosen  based  on  IAEA’s  Guidelines  and  methodologies  on  Energy 

Indicators for Sustainable Development (IAEA, 2005) and by the review of Liu (2014) 

on Development of general sustainability indicators for renewable energy systems. Most 

suitable indicators were chosen for further evaluation, out of which nine indicators that 

were estimated to be best suitable for assessing community renewable energy projects 

were chosen. Indicators chosen for the sustainability assessment templates are presented 

in  Table  5. Although  some  of  the  indicators  can  be  quantified,  a  semi-quantitative, 

normalized evaluation has been devised. The indicators are valued on the scale of -1 to 

+ 1 and normalized based on the scale of the impact – positive or negative. 

Table 5 Set of indicators chosen for the sustainability assessment templates 

Dimension   Indicator  

Environmental  /  Technical  

  

    

    

1. CO2 Reduction 

2. Synergy Advantages 

3. Land-Use Implication 

4. Impact on Environment  

  Economic   5. Payback Time  

Social  

  

    

6. Impact on Citizen's Health 

7. Does the solution teach sustainable values? 

8. Community Impact 

9. Energy Security 

The  sustainability  assessment  templates  are in  appendix  1.  The  templates  were tested 

and the practicality and reliability of these indicators discussed in the practical part of 

this thesis.   
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PRACTICAL PART 
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6 Pilot Case Eco-district of Päivänpaisteenmaa 

This practical  subject  of  this  thesis  is  to  plan  a  renewable  energy  pilot  within  the 

RECENT  project.  The pilot site  of  the study is  the eco-district of  Päivänpaisteenmaa 

located in the  Municipality  of Muhos. The  eco-district  would  be a  community  of  10 

households, and the goal is to propose clean and renewable energy solutions to provide 

for the energy needs of the community. The proposal is to be sized to promote energy 

self-sufficiency. 

 The main aspects discussed in this chapter include; 

 Pilot site description and eco-district Concept; 

 Proposal  of  a  clean  and  renewable  energy  technologies  for  a  community  of  10 

households;  

 Sizing and feasibility assessment of proposed technologies. 

The proposal is considered to be executed by bringing together municipal stakeholders, 

possible  future  residents  of  the  pilot  site,  research  and  businesses  to  form  a  common 

platform  for  creating  a  sustainable  community.  Low-energy  building,  healthy  building 

materials,  feasible  local  low-carbon  energy  technologies  and  practices  that  support 

sustainable  individual  and  community  living  could  be  executed  and  tested  at  the  pilot 

site. Experiences and information that support thrive towards sustainable living could be 

collected  at  the  pilot  site  and  shared  via  forums  and projects,  such  as  RECENT  and 

Carbon Neutral Municipalities project (HINKU). 

6.1 Pilot description  

The eco-district of Päivänpaisteenmaa is a conceptual proposal for new town plan area 

in Päivärinne in the Municipality of Muhos. 

6.1.1 Location 

Municipality of  Muhos is  located  in Northern Ostrobothnia  and offers a home  to 

approximately  9 000  inhabitants with  a land  area  of  784 km2.  Population  density  is 

approximately 11 person/km2. (Tilastokeskus, 2016). Päivärinne (Figure 17), which is 

the second largest settlement in Muhos, offers public services such as primary school, 
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nursing  home  and  kindergarten  to its 1 000  inhabitants.  Typically, residents  of 

Päivärinne live either in separate or row houses. The settlement of Päivärinne is largely 

surrounded by field and forest areas (Figure 18). Distance from Päivärinne to the River 

Oulujoki  is  approximately  half  a  kilometre.  Designated  area  for the  pilot  site  can  be 

seen Figure 18 (Plots around the field surrounded by trees).  

Town plan for Päiväpaisteenmaa was initiated in the fall of 2013 and was accepted by 

the city council during the spring of 2015. Town plan of Päiväpaisteenmaa defines 85 

new plots for separate houses over an area of 45,5 ha. These 85 new plots if inhabited 

by  families  with  four  members  would  create  a  population  of  340.  (Town  Plan  of 

Päivänpaisteenmaa, 2015) 

  

Figure 17. Location of Päivärinne (Google Maps, 2016) 
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Figure 18. Aerial picture of  Päivärinne (Town Plan of Päivänpaisteenmaa, 2015). 

6.1.2 Site description 

Planned plots (Figure 19) surround a recreation area where paths run through a forest of 

pinewood,  lingonberry,  bilberry,  heather  and  crowberry.  A  small  artificial  lake  is 

located  in  the  middle  of  the  recreational  area.  Eastern  side  of  the  recreational  area  is 

covered  with  a  three  hectare  swamp,  where  cloudberry,  cranberry,  marsh  tea,  leather 

leaf, wild rosemary, dwarf birch, etc., can be found. No endangered plant species, forest 

types nor rare animals are found in the town plan area, yet the natural area is considered 

valuable  due  to recreational  and  educational  purposes.  An  un-utilized  field in  natural 

condition is located at the northern end of Päivänpaisteenmaa. This field is marked as 

RP-1 in Figure 20 and according to Town Plan of Päivänpaisteenmaa, it is planned to be 

used  as  patch  cultivation  area  for  the  future  inhabitants.  (Town  Plan  of 

Päivänpaisteenmaa, 2015) 
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Figure 19. Town plan of Päivänpaisteenmaa (Muhos, 2016) 

 

Figure 20. Ten  designed plots for  the  pilot are located around  RP-1  patch  cultivation 

land area.  
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According to Päivänpaisteenmaa Town Plan all the plots from district 78, plot number 5 

from the district 76, plots 4-7 from the district 85 and the plot number 1 from district 87 

are allowed to locate their ground source heat pump collection systems to RP-1, which 

is an area designated for patch cultivation. According to the town plan these plots can 

form  an  eco-community  and  the  residences  that  are  drawn  on  the  plots  are  only 

normative, not regulative. South facing residences are important for energy efficiency in 

harnessing  the  advantages  of  passive  solar  and  solar  electricity.  Number  of  floors 

allowed per house varies between districts. Houses in districts 76 and 78 are allowed to 

have one, one and a half or two floors. Houses in districts 85 and 87 are allowed to have 

one or one and a half floors. Height of the houses can be considered with possible solar 

PV system installation to avoid shadings. (Town Plan of Päivänpaisteenmaa, 2015) 

6.2 Conceptual Eco-district of Päivänpaisteenmaa 

In  this  thesis, much  of  the  focus of  the  Päivänpaisteenmaa eco-district  Concept  is 

directed  towards  the  applicable  energy  technologies,  although  aspects  of  community 

and  social  capital  are  considered  important  and  given  recognition.  To  reflect  on  what 

creates  a  sustainable  community  Roseland’s  (2012)  framework  on  sustainable 

community  (Figure  18)  is  presented.  As  seen  in  Figure 21 community  can  be 

understood to comprise of different aspects of capital.  

 
Figure 21. Sustainable community capitals based on Roseland (2012) 
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When the energy solution proposals of this thesis are perceived from the perspective of 

Roseland’s  (2012)  sustainable  community  capital,  a  variety  of  connections  between 

different  aspects  of  capital  can  be  made.  Energy  solution  proposal  is  connected  to  the 

physical  capital in  terms  of  technology  and  housing.  Natural  capital  is  considered  by 

suggesting  technologies  that  aim  for  minimal  impact  on  air,  water  and  soil,  while 

deliver  energy  efficiency  in  resource  use.  Economic  capital  is  considered  in  terms  of 

economic feasibility of the energy solutions and in terms of local business and research 

opportunities.  

Physical,  economic  and  natural  capitals  tend  to  be  observed  in  terms  of  quantitative 

variables  e.g.  as  avoided  CO2 emissions  by  applying  energy  efficient  technologies  or 

economic estimates in terms of assessment on the Return Of Investment or Net Present 

Value,  while  human,  social  and  cultural  capital  tend to occur  as  more  qualitative 

variables. In the case eco-district of Päivänpaisteenmaa human capital can be seen to be 

influenced e.g. as contribution as to educational purposes for the local inhabitants and 

primary  school  of  Hyrkki,  that  is  located  at  the  proximity  of  pilot  site.  Possibly  an 

increase in knowledge and understanding over renewable and clean energy technologies 

could  be  achieved  by  various  people  affected  and  related to the  pilot  project.  Social 

capital  could  be  promoted  in  terms  of  increase  in  communication  and  interaction 

between different stakeholders, which are prevailing conditions for the pilot site to be 

executed. 

Cultural  capital  can  be  seen  to  be  contributed  by  the  ecological  values  the  pilot  site 

would possibly represent, e.g. parcel cultivation at RP-1 field area (Figure 22). Software 

used to develop this model is described in more detail at the end of this chapter. Aims 

for  ecological  living  at  the  pilot  site  can  be  seen  as  a  possible  platform  for  creating  a 

more  sustainable,  or  more  environmentally  conscious  way  of  living.  Principles  and 

techniques that are suitable for the local conditions to promote ecological living could 

be  implemented  at  the  pilot  site,  where  ideas  and  innovation  could  be  tested.  

Techniques  and  “grass  roots  solutions”  both  for  community  development  and 

sustainable living can be found from a variety of sources.  
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Figure 22.  Area  RP-1  designated  to  parcel  cultivation  is  located  in  the  middle  of 

Conceptual eco-district of Päivänpaisteenmaa. Model made with Google SketchUp. 

A  variety  of  manuals,  websites,  discussion  forums,  etc.  could  be  used  as  a  source  of 

inspiration  in  mapping  the  best  suitable  techniques  e.g.  in  versatile  food  production. 

Best  suitable  techniques  could  be  chosen  for  further  development  by  the  potential 

inhabitants  of  the  pilot  site  and  best  practices  in  energy  solutions  or  any  other  viable 

techniques that promote environmental awareness could be shared on chosen platforms. 

These platforms could for example be the HINKU project, Global Ecovillage Network 

and other related forums. 

To  map  the  possibilities  of GSHP  installation  and  solar PV  electricity  production, 

different GSHP systems and PV panel installations are modelled in this work in a 3D 

model of  the eco-district  of  Päivänpaisteenmaa.  The  model is  built  using  version 

16.1.1449  of  a  program  called  “SketchUp”  by  Trimble  Navigation  and to  model  the 

solar  PV  installation a  commercial  add-on  called  “Skelion”,  which  can  be  used  to 

simulate  solar  panel  installations is  used. The  3D model  is  used  to  estimate the 

sufficiency  of  the  rooftops  and  efficiency  of  different  facing solar  panel  installations. 

Using the solar radiation data, the solar panel surface area, the solar panel efficiency and 

the shading losses electricity production can be calculated 

6.3 Background on energy solutions proposal 

A  multitude  of  technologies  that  could  be  applied  at  the  pilot  site  exists. Central  for 

decision-making  is  to  considerer  the  suitability  and  feasibility  of  the  technologies  for 

local  needs.  Clear  and  significant  influencer  for  decision-making is community  size, 

which determines  the  overall  electricity  and  space  heating  demand.  Applicable 

technological solutions can be either individual or joint systems. Individual systems are 
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systems that are operated by single household, such as rooftop solar PV system. Joint 

systems  are  systems  shared  by  two  or  more  household  either  for  heat  energy  or 

electricity production, e.g. common solar thermal collector system.  

 

Both individual and joint systems are considered in the proposals made in this scenario. 

Practical implementation of joint systems is likely to require more in-depth examination 

than  individual  systems.  Based  on  the  conversation  had  with  the  stakeholders  of 

Municipality of Muhos, joint acquisition and joint system are plausible at the pilot site, 

although it is recognized that these solutions are likely to require arrangements, such as 

forming a cooperative, company or an enterprise that is responsible for the distribution 

and selling e.g. of electricity generated by joint solar PV system. Importance is given to 

the  will  of  municipal  actors to cooperate  and enable  implementation of  different 

solutions, e.g. in town planning if needed. 

 

According  to  VTT  (2015a)  small  scale  distributed  energy  generation  has  plenty  of 

potential, but in Finland it is at a developing phase. Business models, user practices and 

legislation related to small scale energy generation are still largely gaining shape. VTT 

(2015b)  stresses  influence  not  only  of  energy  policy  and  business  models,  but  also  of 

citizen  and  municipal  actors  who  can  aid  the  diffusion  of  innovations  and  support  the 

transition  towards  distributed  energy  systems  and  practices  by  being  promoters  and 

“early-adopters”.   

Pilot site proposed in this thesis is not the first of its kind as a multitude of pilot sites for 

energy efficient buildings, technologies and living exists in Finland. These experimental 

areas e.g. for local energy generation have brought together businesses, researchers and 

inhabitants  in  various  destinations  such  as  RESCA (2016),  the  renewable  energy  pilot 

site near Oulu, Skaftkärr (2016), the energy efficient neighborhood in Porvoo and at the 

energy self-sufficient Eco district of Kempele (2009). A collection of Finnish renewable 

energy, low-carbon energy and energy efficiency pilot sites, technology demonstrations 

and experiments can be found from the website of Energiakokeilut (2016).  
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7 Eco-district of Päivänpaisteenmaa energy demand scenario 

This chapter presents the energy demand scenario of 150 m2 household that is located in 

the North of Finland. Household energy demand is considered to consist of electricity 

and  heat demand.  Electricity  is used  by  various  household  appliances,  whereas  heat 

consumption consists of space and water heating. Household based scenario is formed 

to  enable  sizing  the  technologies  in  question  and  thereby  assessing  the  practicality, 

feasibility and sustainability of these technologies. Space heating demand is considered 

in  terms  of  local  circumstances  in  Northern  Ostrobothnia,  Finland.  Water  heating 

demand  is  based  on  the  average  consumption  of  a  Finnish  household  with  four 

inhabitants. Electricity demand estimation is similar as in alike households in Finland. 

Demand for electricity, space and water heating are further explained in this chapter.  

7.1 Space heating demand 

Space  heating  demand  is  largely  dependent  on  the  properties of  each building,  as 

described in Chapter 4.2 Community technological energy. Level of insulation, building 

materials, glazing, ventilation, and floor space are only few of the factors that influence 

the  energy  efficiency  of  a  house.  Proposal  for  building  low-energy  houses  at the pilot 

site is made. Definition of Motiva (2015) on low energy houses is used. Motiva (2015) 

defines  that  low  energy  house  located  in  the North  of  Finland  consumes  less  than  90 

kwh/bm2/a and a low-energy house located in the middle of Finland consumes less than 

60 kwh/bm2/a. Therefore, annual heating energy demand of a 150 m2 low energy house 

located in the middle parts of Finland would be 9 000 kwh, and for a house located in 

the  North  of  Finland  would  be  13 500 kwh.  As  the  pilot  site  of  Päivänpaisteenmaa  is 

located  on  the  border  of  Northern  and central parts  of  Finland,  decision  of  heating 

energy  demand  is  based  on  giving  preference  for  low  energy  building  and  the  lower 

threshold value of 9 000 kWh/a is chosen.  

In  addition  to building  type,  space heating  demand  varies  significantly  between  North 

and South of Finland due to seasonal differences. Space heating demand is substantially 

higher  in  Northern  Finland  due  to  notably  lower  temperatures  of  winter  months. 

Difference  in  space  heating  demand  is  taken  into  account  by the  degree  day  number 

method. 
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Degree  day  number  method  can  be  used  to  make  comparison  between  space  heating 

demands of similar houses located in different regions of Finland. Degree day numbers 

are  provided  by  the  Finnish  Meteorological  Institute  (2016)  and  are  based  on  the 

average difference between outdoor and indoor temperatures in the region of Oulu from 

1981 to 2010. Indoor temperature is expected to remain unchanged throughout the year 

while  outdoor  temperature  varies  by  month.  This  variance  is  taken  into  account  by 

distributing  the  total  space  heating  demand  by  month  in  proportion  to  degree  day 

numbers. Total space heating demand of 9 000 kWh is divided per month in proportion 

to the degree day numbers in Oulu in Table 6. 

 

Table 6. Space heating demand by month according to the degree day figures of Oulu 

(Finnish Meterological Institute, 2016) 

Space heating demand is distributed over a year as presented in Figure 24. During June, 

July and August space heating demand is very low compared to the winter months. For 

example  at  the  pilot  site,  the  energy  demand  for  space  heating  from  November  until 

March is more than 1000 kWh per month as seen in figure 24. 

 Figure  24.  Total  space  heating  demand  of  9000 kWh  divided  by  month  according  to 

Finnish Meteorological Institute (2016) degree day numbers. 
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7.2 Water heating demand 

Water heating demand calculation is based on the instruction of Finnish Ministry of the 

Environment,  building  regulation  D5  (Finnish  Ministry  of  the  Environment,  2012). 

Equation (1) is used to calculate amount of energy needed to heat up the warm service 

water (Qwsw) for the household in question. 

Qwsw = c * m * Δt * d / 3600     (1) 

According  to  building  regulation  D5, warm  water  (55°C)  consumption  in  Finnish 

households is 50 liters per person per day, thereby the total consumption of a household 

of four persons is assumed to be 200 litres per day. Incoming water is expected to be at 

the  temperature  of  5°C  (Finnish  Ministry  of  the  Environment,  2012),  leading  to  a 

temperature difference (Δt) of 50°C. Heat capacity (c) of water is 4.19 kJ/kgK. Density 

of water is 1 000 kg/m3 giving 200 l a mass (m) of water 200 kg. Symbol d stands for 

the number of days per year (365). Figures are calculated and the result is divided by 3 

600 to convert kJ to kWh. Thereby the annual heat energy demand for water heating is 

4 248 kWh,  which  is  divided  to  monthly  average based  on  the  number  of  days  per 

month (Figure 25). 

  

Figure  25.  Annual  energy  demand  of  4 248 kWh  for  water  heating  of  a  household  of 

four with an assumption that water demand is 200 l of water at the temperature of 55°C 

per day.  
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7.3 Electricity demand 

Electricity consumption is dependent on a number of a number of variables. Examples 

of  Adato  (2013)  and  Rouhiainen  (2010)  are  presented  in  this  chapter  to  define  the 

electricity consumption of a Finnish household of 150 m2 with four inhabitants.  

The number of people who inhabit the house and their behaviour in energy consumption 

has  a  significant  effect  on  the  annual  electricity  consumption  (Rouhiainen  2010). 

Example  of  Rouhiainen  (2010)  considers  a  household  that  utilizes  district  heating  for 

water  and  space  heating.  Table 7.  presents  how  the  number  of  inhabitants  and  their 

consumption  habits  contribute  to  the  energy  usage.  Term  conservative  electricity 

consumption in Table 7. refers to the quantity of electricity used annually by the least 

consuming  quarter (25%)  of  households  of  all  electricity  consumers.  Whereas  the 

average consumption is the quantity of electricity that half of all the four person 150 m2 

households  consumes.  (Rouhiainen,  2010)  As  seen  in  Table 7 the  level  of  household 

appliances  and  the  number  of  users  and  the  behaviour  of  these  users  have a  notable 

significance on the total electricity consumption. 

Table 7. Average and conservative electricity consumption (kWh) in detached house of 

150 m2 (Rouhiainen, 2010) 

Number of people in household 1 2 3 4 5 6 

Conservative energy usage  3200 4500 5500 6000 6500 7100 

Avarage energy usage 5200 6100 7800 8700 10000 10900 

According  to  Rouhiainen  (2010)  the  annual  electricity  consumption  of  pilot  site 

household of four persons can therefore be considered to be between 6 000-8 700 kWh. 

To  gain  more  insight  for  defining  the  electricity  consumption  of  pilot  site  household 

Adato’s (2013) example on average annual electricity consumption of a district heated 

detached house of four inhabitants by basic appliances is applied. 

Rouhiainen  (2010) states  that the  number  of  users,  user  habits  and  the  number  of 

appliances  used  affect  the  total  electricity  consumption.  Electricity  consumption  by 

appliances such as lighting, refrigeration devices, domestic appliances, etc., and level of 

usage  of  these  appliances  contributes  to  the  annual  electricity  consumption.  (Adato, 

2013)  Figure  26 presents  the  average  kWh  used  per  year  by  appliances in  a  Finnish 
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household  with  four  inhabitants  in  an  average  district  heated  household with  basic 

appliances.  

 

Figure 26. Average annual electricity consumption of a district heated detached house 

of four inhabitants by basic appliances. Total consumption is 7 300 kWh. (Adato, 2013) 

According to Adato, (2013) the total average electricity consumption of a district heated 

household of four persons by appliances is 7 300 kWh. Consumption estimate of Adato 

(2013) combined  with  the  estimate  of  Rouhiainen  (2010)  enables  making  a  justified 

definition  of  the  electricity  consumption  for  the  houses of eco-district  of 

Päivänpaisteenmaa  

Houses at the pilot site are expected to utilize energy efficient appliances and to perform 

well in terms of energy efficiency. Ecological living is expected to be present in a form 

of user  behaviour that  is below  average  consumption  (Table 7)  and  the  houses  at  the 

pilot site are expected to operate wood heated sauna stoves, which decreases the annual 

consumption  approximately  by  1 000 kWh.  By  considering  these  findings  the  annual 

electricity consumption of a pilot site household is expected to be 6 000 kWh. 

In  the  next  chapter  defined  values  of  energy  demand  of  a  pilot  site  household  are 

applied  for  the  sizing  of  solar  PV  and  ground  source  heat  pump  systems.  It  is  to  be 

noted  that  space  heating  can  affect  the  annual  electricity  consumption,  if  the  chosen 

space heating technology uses electricity to generate heat. Another aspect that is pivotal 
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to  consider  is  the  changing  hourly  consumption  of  electricity.  Annual  consumption 

quantity  itself  does  not  provide  sufficiently accurate  scenario  for  the  optimal  system 

sizing.  

7.4 Hourly mean consumption curve of electricity  

Hourly  mean  consumption  curve  is  a  simulation  based  on  the  work  of  Louis  et  al. 

(2016) on modelling home electricity consumption for sustainability. Curve presents the 

yearly average kWh used per hour. Consumption data in work of Louis et al (2016) is 

based  on  Finnish  Government  regulation  2009/66  statistics  on  electricity  supply 

measuring  and  reporting.  Regulation  2009/66  offers  data  for  assessing  the  hourly 

consumption throughout the year. Simulation used in this work is formed by combining 

the  consumptions  of  various  household  appliances  that consume  electricity  during 

certain hours of day with certain probability.  

Monthly electricity demand varies significantly in correlation to space heating demand. 

The  production  capability  of  the  solar  PV  system  also  varies  greatly  by  month. 

Therefore,  in  this  thesis,  household  consumption  curve  is  formed  for  each  month  to 

estimate  the  share  of  electricity  that  could  be utilized  by  the  household.  Household 

consumption curve is based on the average per day electricity consumption. Lowest per 

day  consumption  takes  place  during  the  month  of  July,  when  the  total  electricity 

consumed  per  day  is  20,47 kWh.  Total  electricity  consumed  per  day  is  made 

proportional  with  the  consumption  curve  of  Louis  et  al  (2016)  to  create  the  hourly 

consumption scenario (Figure 27). 

 

Figure 27. July consumption curve with total consumption of 20,47 kWh 
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Consumption  curve  will  be  used  for  the  sizing of  solar  PV  system  later  in  this  work. 

Since  the  user  behavior  varies,  and  therefore  the  electricity  consumption  curve  varies 

significantly, accuracy of this consumption curves are considered sufficiently accurate 

to perform solar PV system size estimation for the pilot site.  
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8 Energy technology proposals for Eco-district of 
Päivänpaisteenmaa 

Energy  technologies  reviewed  are  selected  in  accordance  to  local  circumstances  of 

weather and temperature, and in regard of local opportunities, such as solar irradiation 

and geothermal heat availability. Practicality, feasibility and low-carbon energy are the 

key criteria of the selected technologies. Energy technologies reviewed in this chapter 

are ground source heat pump system, solar PV and solar thermal systems. 

Compatibility  of  these  technologies  is  a  focal  point  in  the  feasibility  evaluation. 

Possibility  of  combining  GSHP  system  with  solar  photovoltaic  (PV)  system  is 

considered. Key point in this case is the electricity consumption of the GSHP and the 

electricity  production  of  the  solar  PV  installation.  Applicability  of  solar  thermal 

collector system is assessed and the contribution to smaller quantity of water heating by 

GSHP is considered as well. 

GSHP  produces  heat  for  space  and  water  heating,  the  solar  PV  system  produced 

electricity  and  solar  thermal  collector  system  harnesses  heat from  solar  irradiation, 

which  is  then  stored  to  water.  To  estimate  the  performance  of  these  technologies 

seasonal  differences  need  to  be  taken  in  to  account.  Demand  for  space  heating  is 

dependent on outdoor temperature that varies by season and the production of solar PV 

and  thermal  systems  is  in  correlation  with  available  solar  irradiance.  It  is  worth 

mentioning  that  from  November  to  February  at  the  latitudes  of  Finland almost no 

electricity or heat is produced by solar thermal and solar PV equipment due to seasonal 

variance in solar irradiation. 

Heat  and  electricity  production  capabilities  are evaluated as  a  part  of  the  feasibility 

assessment. Economic feasibility of proposed technologies is considered by taking into 

account  a  number  of  influencing  variables, such  as  local  electricity  prices,  technology 

investment  cost,  maintenance  costs,  etc.  Besides  the  feasibility  and  performance, 

different  aspects  of  sustainability  of  the  chosen technologies  at  pilot  site  are  assessed 

with the sustainability assessment templates developed in this thesis (Appendix 1). 
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8.1 Ground source heat pump system 

GSHP  systems  are  becoming  increasingly  common  in  Finland. In 2011,  44%  of  all 

Finnish  detached houses  were  heated  with  electricity.  District  heating,  light  fuels  and 

wood  are  also  common  sources  of  energy  for  space  heating. GSHP  systems  can offer 

increased energy  efficiency compared  to  electric  heating.  (Adato,  2013).  As  a  rule 

GSHP suitability  for detached  houses  is  dependent  on  available  land  area  for  the 

collector systems installation, which is not a limiting factor at the pilot site. Therefore 

GSHP systems option is explored.   

Positive  user  experiences  and  proven  energy  efficiency  are  among  the reasons for 

GSHP  systems  becoming  more  frequently  chosen.  Avoided  CO2 emissions  are  due  to 

GSHP system’s high electricity to heat conversion. Despite the larger initial investment 

costs  e.g.  compared  to  electric  heating,  GSHP  systems  generally  return  the  costs  of 

investment  within  acceptable  period  of  time.  (Motiva,  2012)  To  explore  further  the 

practicality  of  GSHP  system  for  the  pilot  site  houses,  system  sizing  in  regard  annual 

heat energy demand is performed. 

GSHP generates heat for space and water heating by using electricity to extract, transfer 

and condense geothermal heat. GSHP system coefficient of performance value (COP) is 

required  to  quantify  the  required  electricity  to  produce  heat  energy  for  space  heating 

demand. Typical COP for GSHP in Finland is between 2,5 - 3,5 (Laitinen et al., 2011), 

therefore  average  of COP = 3  is  chosen  for  the  feasibility  assessment. COP  three 

implies  that  each  kWh  of  electricity  produces  3  kWh  of  heat.  Therefore  the  total 

required  energy  for  space  and  water  heating  is  1 3248 kWh,  which  implies  that  with 

COP  =  3,  GSHP  system  requires  4 416 kWh  of  electricity  to  deliver  annual  space 

heating demand.  

GSHP  systems  receive  heat  from  the  underground  collector  pipe  system,  where  heat 

transfer fluid is circulated. Mainly three types of collector systems are used, horizontal 

surface  collector  systems,  vertical  pore  hole  collector  systems  and  horizontal  under 

water systems. Soil properties and length of the collector systems determines quantity of 

available heat energy. Length of the horizontal collector system estimation based upon 

Table 4, Laitinen et al (2011) receivable heat from ground. 
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8.1.1 Sizing the GSHP system for heat demand 

Conditions  at  the  pilot  site  need  to  be  considered.  Location,  soil  type  and  moisture 

content influence the amount of heat energy that can be extracted from ground annually. 

Surface soil type is fine silt according to Geological Survey of Finland’s Maankamara, 

which  is  a  mapping  and  soil  type  service  (GSF,  2016)  As  soil  type  is  fine  silt  with 

relatively high moisture content and Päivärinne is located in the northern edge of middle 

parts of Finland heat energy availability is expected to be 20-40 kWh/m/a. 30 kWh/m/a 

is the average of these values and is used for the sizing of the GSHP collector system, 

which  implies  the  required  length  of  the  GSHP  surface  collector  system  to  would  be 

441,6 m  to  cover  the  total  heating  demand.  Collector  system  in  Figure  28 is  451,6 m 

long in total. Dimensions of the collector system are presented in Figure 29. 

 

Figure 28. 451,6 m long GSHP surface collector system would be sufficient to cover 13 

248 kWh heating energy demand if the soil of Päivänpaisteenmaa delivers 30 kWh/m/a. 
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Figure  29.  Dimensions  of  the  451,6 m  long  collector  system.  SkecthUp  was  used  for 

sizing the GSHP collector system for the pilot site of Päivänpaisteenmaa.  

In the town plan of Päivänpaisteenmaa it is mentioned that the field area RP-1 can be 

used for GSHP surface collector systems. The model shown in Figure 30 is in scale with 

the actual town plan and shows that the field area RP-1 is sufficiently large enough for 

ten households to have their GSHP surface collector systems on the RP-1 field. 

 

Figure 30.  Ten  houses  of  the  pilot  site  having  a  GSHP  surface  collector  systems  of 

451,6 m long. 

The  suitability  of  GSHP  surface  collector  systems  for  the  field  area  needs  to  be 

considered. This is mainly due to two reasons; firstly digging the collector systems to 

the depth 1.5 m causes significant turmoil on the field area. Secondly a sewer systems 

will  be  dug to  the  area  of  RP-1  as  seen  in Figure 31.,  where  dashed  line  with  letter  J 

represents  whereabouts  of  the  sewer  system.  Compatibility  of  the  sewer  line  depth 

needs to be considered with the depth of the GSHP surface collector system. 



 76 

 

Figure 31. Sewer line (dashed line j) crosses the RP-1 area. 

If the sewer line depth intersects the GSHP surface collector depth, vertical systems are 

an  option  that  could  be  applied. According  to  Rototec  (2016)  they  have  drilled  12 

vertical  collector  systems  in  the  area  of  Päivärinne.  Depth  to  bedrock  in  drilled  wells 

varies  from  45 m  to  17 m.  Closest  drilling  points  are  located  at  Eemelinkuja, 

approximately at distance of 300 m from the pilot site. Depth to bedrock in these two 

drilling points was 24 m, which is suitable depth for vertical systems. Average depth of 

vertical  collector  systems  at  Päivärinne  is  179,6 m.  House  with  179,6 m  deep  vertical 

collector system is modelled in Figure 32.  

 

Figure 32. Vertical collector system reaching to a depth of 179,6 m. 

In depth estimations of the heat gain for 179,6 m vertical systems is not performed in 

this thesis. The costs of vertical collector system are estimated in the GSHP feasibility 
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section  of  this  thesis.  It  can  be  assumed  that  approximately  180 m  deep  pore  hole  is 

sufficient to deliver the required heat. Sizing of the vertical systems can be performed 

by the contractor of GSHP system acquisition.  

As stated earlier, both the vertical and horizontal collector system options are plausible 

in  terms  of  available  surface  area. It  is  likely  that  the  final  decision  on  which  of  the 

collector  systems  is  chosen,  belongs  to  the  possible  residents  of  the  houses.  It  is 

mentioned  in  the  town  plan  that  the  RP-1  field  area  can  be  used  for  having  GSHP 

collector  systems,  but  no  requirement  for  having  such  a  system  is  stated  there. 

Conclusions  and  reasoning  on  the  preferred  system  are  presented  at  end  of  the  GSHP 

feasibility section of this thesis.  

8.1.2 GSHP feasibility 

To assess feasibility and environmental impacts of the GSHP systems investment costs 

are  assessed  and  acquired  electricity  savings  are  calculated.  Costs,  such  as  heat 

distribution system (underfloor heating) and fireplace with heat storage are considered 

as  part  of  the  house  costs  and  therefore  are  not  included  in  the  economic assessment 

calculations.  Feasibility  assessment  is  done  by  assessing  the  investment  costs  and  the 

payback time of the GSHP system compared to the costs of electric and district heating 

options that are also available at the pilot site.  

GSHP system is expected to provide 100% of annual water heating demand and 85% of 

the  annual  space  heating  demand.  Remaining  15%  of  space  heating  expected  to  be 

covered by a fireplace with a heat storage. As the required energy for the 85% share of 

space heating and 100% of water heating in total is 13 248 kWh, with COP = 3, 4 416 

kWh  of  electricity  is  needed  deliver  energy  for  space  heating. COP=3  is  used  in  the 

calculations,  which  implies  that  1 kWh  of  electricity  produces  3 kWh  of  heat  energy. 

Table 7 presents  the  amount of  savings  due  to  GSHP  with  the  previously  mentioned 

assumptions.  
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Table 7. Costs and savings by GSHP compared to electric heating  

 

Share  of  space  heating  by  

GSHP  (85%)  

Share  of  water  heating  by  

GSHP  (100%)  

Total  

Energy  need   7650   4248   11898  

Electricity  cost  €  
(0,12€/kWh)  

918,00   509,76   1427,76  

Electricity  need  
GSHP  COP=3  

2550   1416   3966  

Electricity  cost  €  
(0,12€/kWh)  

306,00   169,92   475,92  

Annual  electricity  
savings  due  GSHP  

5100kWh   2832kWh   6031kWh  

Annual  savings  in  
€  due  GSHP  

612€   339,84€   951,84€  

To  assess  the  economic  feasibility,  costs  estimates  of  GSHP  equipment  and  system 

installation  costs  are  required.  According  to  GSHP  cost  estimates  of  Tikkala  (2013), 

price of the GSHP heat generation system is 9 000 €. Heat generation system includes 

equipment such as heat pump, automation, valves, piping, etc. Rest of the price depends 

whether the  collector  system  is  vertical  or  horizontal.  Tikkala  (2013)  estimates 

horizontal collector systems cost is 5 000 € and the cost of vertical collector system is 8 

000 €. This gives the total price of 14 000 € for horizontal system and 17 000 € for the 

vertical system. As according to Tikkala (2013) annual maintenance costs are expected 

to be 100 €/a.  

To  assess  the  GSHP  system  payback  time  initial  investment  needs  to  be assessed  and 

compared with alternative systems that could be applied for heat generation. Systems of 

comparison are electric radiators and district heating, which are common solutions for 

space  heating  in  Finland.  Actually,  in  2011,  44%  of  Finnish  detached  houses  were 

heated  with  electricity  and  7%  with  district  heating  (Adato,  2013).  These  options  are 

possible also at the pilot site and therefore taken to comparison. Cost of electric radiator 

investment  is  5 000 €  and  annual  maintenance  costs  50 €  (Tikkala,  2013).  Combined 

costs of joining district heating network and investing to required equipment according 

to Finsolar (2016a) are 11 400 €. 

Return of investment (ROI) is calculated without taking into account the interest rate of 

the investment.  According to Oulun Seudun Sähkö (2016) annual basic fee with water 

circulation  of  0,15m3/h  is  593,20 €  and  the  energy  costs  of  district  heating  are  76,38 
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€/MWh.  These  numbers  with  the  heat  energy  demand  of  9 332 kWh/a  form  the  total 

cost  of  593,20 €  +  11,90MWh  *  76,38 €  =  1501,97 €.  ROI  is  calculated  for  electric 

heating and district heating by the following equation as 

Horizontal GSHP system compared with electric heating systems as  

𝑅𝑂𝐼  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐=
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐺𝑆𝐻𝑃  ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙)  –  𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐  𝑅𝑎𝑑𝑖𝑎𝑡𝑜𝑟  𝑠𝑦𝑠𝑡𝑒𝑚)

𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐  𝑅𝑎𝑑𝑖𝑎𝑡𝑜𝑟  𝑠𝑦𝑠𝑡𝑒𝑚−𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  (𝐺𝑆𝐻𝑃  ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙)
 

𝑅𝑂𝐼  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐=
14000€  –  5000€

1427,76€−475,92€
=9,46𝑎 

Vertical GSHP system compared with electric heating systems as 

𝑅𝑂𝐼  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐=
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐺𝑆𝐻𝑃  𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙)  –  𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐  𝑅𝑎𝑑𝑖𝑎𝑡𝑜𝑟  𝑠𝑦𝑠𝑡𝑒𝑚)

𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐  𝑅𝑎𝑑𝑖𝑎𝑡𝑜𝑟  𝑠𝑦𝑠𝑡𝑒𝑚−𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  (𝐺𝑆𝐻𝑃  𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙)
 

𝑅𝑂𝐼  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐=
17000€  –  5000€

1427,76€−475,92€
=12,61𝑎 

Horizontal GSHP system compared with district heating systems as 

𝑅𝑂𝐼  𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡=
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐺𝑆𝐻𝑃  ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙)  –  𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡  ℎ𝑒𝑎𝑡𝑖𝑛𝑔)

𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡  ℎ𝑒𝑎𝑡𝑖𝑛𝑔−𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  (𝐺𝑆𝐻𝑃  𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙)
 

𝑅𝑂𝐼  𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡=
!"###€  –  !!"##€

!"#!,!"€!!"#,!"€
 = 2,53a 

Vertical GSHP system compared with district heating systems as 

𝑅𝑂𝐼  𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡=
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐺𝑆𝐻𝑃  𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙)  –  𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡  (𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡  ℎ𝑒𝑎𝑡𝑖𝑛𝑔)

𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡  ℎ𝑒𝑎𝑡𝑖𝑛𝑔−𝐴𝑛𝑛𝑢𝑎𝑙  𝑐𝑜𝑠𝑡𝑠  (𝐺𝑆𝐻𝑃  𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙)
 

𝑅𝑂𝐼  𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡=
17000€  –  11400€

1501,97€−475,92€
=5,46𝑎 

 

Figure 33 presents a scenario where electricity price is expected rise by 2,2 % each year, 

maintenance  costs  of  the  GSHP  system  are  100 €/a,  maintenance  costs  of  electric 

heating  system  are  50 €  year,  initial  investment  of  the  horizontal  GSHP  system  is  14 

000 €,  initial investment  of  the  vertical  GSHP  system  is  17 000 €    and  the  initial 

investment of electric heating to be 5 000 € as in the work of Tikkala (2013). District 

heating system initial investment cost is 11 400 € (Finsolar 2016), annual energy costs 

1501,97 € (Oulun Seudun Sähkö, 2016) and maintenance cost 75 €/a (Tikkala. 2013). 
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Figure 33.  Comparison  of  GSHP,  electric  heating  and  district  heating  with  initial 

investments and annually cumulative costs.  

Figure 33 shows that GSHP is systems are more feasible solutions in terms of economic 

performance  compared  to  electric  and  district  heating  systems.  Electric  heating 

investment is feasible only in short period of time, whereas both of the GSHP systems 

outperform electric heating system, horizontal GSHP approximately within 10 years and 

vertical  GSHP  within  13  years.  Costs  of  the  district  heating  at  the  pilot  site  are  even 

higher than the electric heating system, which thereby proves not to be a feasible choice.  

There  is  a  difference  of  4 000 €  between  horizontal  and  vertical  GSHP  collector 

systems. Surface collector system applicability is not fully certain due to the sewer line 

crossing  the  RP-1  area.  Also  the  frosting  properties  of  the  RP-1  field  at  the  pilot  site 

needs to be examined to further assess the practicability of horizontal collector system. 

Vertical  systems  appear  to  be  a  solution  that  has  been  already  widely  applied  at 

Päivärinne, where the pilot site of Päivänpaisteenmaa is planned.  

Even  though  the  price  is  higher  and  payback  time  few  years  longer,  vertical  collector 

system in the case of Päivänpaisteenmaa pilot area appears to be a more reliable choice 

by  the  current  understanding.  Preference  is  given  to  vertical  system  mainly  due  to 

earlier applications and practical experience of vertical systems and due to uncertainty 

related  to  the  sewer  line  and  frosting  properties  of  surface  ground  in  the  case  of 

horizontal collector system.  
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8.2 Solar PV system comparison 

Sizing a PV system for a household depends on a number of factors which are opened 

in more depth in the feasibility chapter. Economic limitation of over-sizing a solar PV 

system  is  a  pivotal  influencer.  Large  investment  in  a  case  where  excess  electricity  is 

sold to national grid returns profit poorly, and is not sufficient to compensate the larger 

initial  investment  well.  As  over-sizing  a  solar  PV  system  is not  necessarily  feasible, 

solar  PV  systems  are  sized  according  to  the  consumption  curve  of  a  household  (6.4.4 

Hourly mean consumption curve). Production of the solar PV system should not greatly 

exceed the consumption of household.  

In northern countries, during summer months, the amount of arriving solar radiation is 

highest  and  the  demand  for  space  heating  lowest.  In  fact  according  to  solar  radiation 

data  of  Revonlahti,  Oulu  that  was  acquired  from  Finnish  Meteorological  Institute  for 

this thesis shows that 57% of total annual solar irradiance arrives during June, July and 

August.  These  are  the  months  with  the  highest  electricity  production  of  solar  PV 

systems, and lowest space heating demand.  

Energy  production  potential  calculations  are  based  the Building  Regulation  D5  of 

Finnish  Ministry  of  the  Environment  (2012).  Calculations are  based  on local  solar 

irradiation data that is used to estimate solar PV system’s production potential trough-

out the year.  

8.2.1 Solar radiation data 

Solar  PV  system  that  is  located  in  Northern  Ostrobothnia  is  capable  to  generate 

electricity  primarily  from March  until  October  as  seen  in Figure  35.  Solar  irradiance 

data  of figure  35.  is  based on  solar  irradiance  measures  of  Finnish  Meteorological 

Institute  from  Revonlahti,  near  Oulu.  Data  comprises  hourly  measurements  from 

1.12.2003-10.05.2012,  out  of  which  time  period  10.5.2005-10.5.2012  was  chosen  to 

estimate  the  average  solar  irradiation.  Point  of  measurement  is  approximately  50 km 

west  from  Päivänpaisteenmaa  pilot  site,  located  inland  as  the  pilot  site. Figure  34 

presents the average daily per day accumulation kWh/m2 from 10.5.2005-10.5.2012.  
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Figure. 34. Solar irradiance measurement point located in Revonlahti, Oulu 

 

Figure 35. Annual average solar irradiance in kWh /m2 at Revonlahti during 10.5.2005-

10.5.2012.  
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8.2.2 Calculating potential energy generation 

Calculations of electricity generation of different solar PV systems are needed to enable 

system  sizing  and  assessing  the  compatibility  of  these  systems  to  the  electricity 

consumption  patterns  of  the  houses  of  the  pilot  site.  Electricity  generation  by  a  PV 

system  calculations  are  based  on  guidelines  of Building  Regulation  D5  of Finnish 

Ministry  of  the  Environment  (2012).  Equation  (11.1)  enables  calculating  electricity 

generated by solar panels WE (kWh/a). 

𝑊!=
!!"#×!!"#×!!"#

!!"#
    (11.1) 

where  WE = generated electricity by a panel (kWh/a) 

GSol= Annual received solar irradiance by the cell (kWh/m
2a) 

Pmax = Maximum power generated of panel in reference conditions (kW)  

Fuse =  Use coefficient (number) 

Iref  = Reference irradiation (1 kW/m
2). 

Annual received irradiation by a cell (GSol) is calculated with equation (11.2) as 

𝐺𝑠𝑜𝑙= 𝐺ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 × 𝐹𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛  

Where 𝐺ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 = Annual irradiation received on a horizontal surface (kWh/m2) 

 𝐹𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = Correction coefficient for tilt and direction (Number) 

𝐹𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 is  dependent  on  the  direction  and  tilt  of  the  panels  and  is  calculated  by  the 

following equation (11.3) 

Fposition = F1 × F2, 

where  F1 = Tilt coefficient 

F2 = Direction coefficient 
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Highest value for F1 (1) is achieved when panels are facing directly south. Highest value 

for F2 (1.2) is achieved by having panels between angle of 30° to 70°. (Finnish Ministry 

of the Environment, 2012)  

Maximum output of a panel in reference conditions can either be calculated by equation 

(11.4),  or  as  usually,  is  provided  by  the  panel  producers.  Pmax according  to  equation 

(11.4) is calculated as  

𝑃𝑚𝑎𝑥 = 𝐾𝑚𝑎𝑥 × 𝐴𝑝𝑎𝑛𝑒𝑙 

Where Kmax = Efficiency of the panel (kW/m2)  

Apanel = Surface area of the panel (m2) 

The use coefficient (Fuse) takes into account environmental effects such as shading, PV 

cell  performance  in  different  temperatures  and the  loss  of  energy  when  transforming 

from direct current to alternating current. Since no shading is expected to occur and as 

according to Fraunhofer Institute for Solar Energy Systems (2016) a well-designed solar 

PV system is expected to have losses of 10-20%, use coefficient (Fuse) value of 0,85 is 

used in the calculations.  

8.2.3 Solar PV systems 

Three options  of solar  PV  system are  chosen  for  the  assessment  and  feasibility  study. 

These are 3,2 kWp, 5,3 kWp and 4,2 kWp. Price information of 3,2 kWp and 5,3 kWp 

systems comes from Oulun Energia Energia (Oulun energia Solar PV Systems, 2016), 

which is a large energy producer in the region of Oulu, which is expanding its business 

to  solar  PV  systems.  The  4,2 kWp  system is  based  on  a  42  kWp  installation  on  the 

rooftop of Muhos elementary school done during the summer 2016. A 42 kWp system 

could  be  considered  as  a  joint  system  for  ten  households.  The  Muhos  school  PV 

acquisition  was  delivered  by  company  called  Caverion  OY.  Cost  and  system 

information  was  acquired from  the  technical  leader  of  the  Municipality  of  Muhos. 

Monthly  electricity  generation  of the  three solar  PV  systems  is  calculated  below  with 

assumption that the panels are south facing in a 40° angle and using the solar radiance 

data of Revonlahti. Results are presented in Table 9. 
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Table 9. Annual  electricity  generation  of  different  size  solar  PV  systems  calculated 

according to annual average solar irradiance in kWh/m2 at Revonlahti during 10.5.2005-

10.5.2012. 

Month  
Monthly  accumulation  

(kWh/m2)   3,2  kWp   4,2  kWp   5,3  kWp  

1   1,50   4,89   6,23   8,11  
2   9,82   32,04   42,05   53,06  
3   52,71   172,06   225,82   284,97  
4   100,95   329,51   432,48   545,75  
5   147,88   482,69   633,53   799,45  
6   159,52   520,69   683,40   862,39  
7   148,58   484,96   636,51   803,22  
8   107,51   350,93   460,59   581,22  
9   52,79   172,31   226,16   285,39  
10   18,73   61,15   80,26   101,28  
11   3,14   10,26   13,47   17,00  
12   0,65   2,13   2,82   3,53  

Total   803,80   2623,61   3443,48   4345,35  
 

Annual yield of solar PV systems of Table 4. are presented as stacked bar chart in figure 

36.  As  seen  in  Figure 36, May,  June  and  July  are  visibly  the  months  with  highest 

electricity production potential.  

 

Figure 36. Monthly electricity generation by 3,2 kWp, 4,2 kWp and 5,3 kWp solar PV 

systems.  

8.2.4 Solar PV system comparison 

Electricity  production  of  solar  PV systems  needs  to  be  compared  with  the  household 

electricity consumption to estimate the share of utilized energy. Share of consumption 
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varies mainly due the difference in space heating demand. Seasonal outdoor temperature 

differences thereby  influence  the amount  of  electricity  used  by  the  GSHP  system  for 

heat generation. From June to August electricity need for space heating is significantly 

smaller than from November to April as seen in Figure 37.  

 
Figure 37. Electricity use of a detached house with four residents. 

Space  heating  and  electricity  demand  are  estimated  for  the  pilot  house  earlier  in  this 

thesis  (7. Energy  demand  scenario).  GSHP  (3 966 kWh/a)  consumption  and  annual 

household  electricity  (6 000 kWh/a)  consumption  together  form  total  consumption of 

9 966 kWh/a. GSHP electricity consumption depends on the monthly space and water 

heating  demands,  and  varies  significantly  per  month.  Annual  household  electricity 

consumption is assumed to be distributed evenly trough-out the year.  

Average  per  day  consumption  is  calculated  by  dividing  the  household  electricity 

consumption  with  the  number  of  days  per  year  (365).  To  calculate  the  monthly 

consumptions,  for  each  month,  per  day  average  consumption  is  multiplied  by  the 

number of days in each month. To sizing the solar PV system is based on the average 

solar PV electricity production in June and July. The total consumption during summer 

months is significantly lower as space heating demand is nearly zero. Annual electricity 

demand of a household is combined with the monthly generated electricity of 3,2 kWp, 

4,2 kWp and 5,3 kWp systems (Figure 38).  

0  

200  

400  

600  

800  

1000  

1200  

1   2   3   4   5   6   7   8   9   10   11   12  

k
W
h  

Month  

Electricity  use  6000kWh   Water  Hea\ng;  1416kWh   Space  Hea\ng;  2550kWh  



 87 

 

Figure 38.  Electricity  consumption  per  house  by  month  and  electricity  generation  per 

solar PV system per month. 

Out  of  the  three  solar  PV  systems,  the  4,2 kWp  system  is  chosen  for  more  detailed 

analysis  mainly  due  to  the  fact  that  that  the  electricity  it  produces  per  month  is  the 

closest to the electricity consumption of the simulated households. Further analyzes of 

this  system  include  the  share  of  electricity  that is  utilized  by  household,  production 

distribution and losses due optimized orientation of the households.  

8.3 4,2 kWp Solar PV system assessment 

To estimate the proportion of self-utilized solar PV electricity in a newly built or to be 

built  house  without data  on  earlier  hourly  electricity  consumption  is  challenging.  In  a 

case of newly built house, Motiva (2016) suggests to make comparison to similar type 

of a house with similar equipment level to acquire sufficiently accurate estimation of the 

hourly  electricity  consumption.  Hourly  mean  consumption  consists  of  baseline 

consumption and of consumption of household appliances. 

Estimation  of  the  electricity  utilization  rate  is  based  on  the  monthly  per  day  average 

consumptions. Each month has a different total electricity demand due to difference in 

space  heating  demand.  Lowest  average  per  day  consumption  occurs  in  July  (20,47 

kWh) and highest in January (33,72 kWh) (figure 39). Average per day consumption of 

each month is made proportional with the consumption curve of Louis et al. (2016) and 
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then compared with production of each month. Simulated consumption curve of January 

and July are presented in figure 39. 

 
Figure 39. Consumption of curves of January and July 

 

The  month  of  July  is  chosen  as  an  example  month  to  present  the  main  principles  of 

calculations.  Presented  calculations  are  done  for  each  month  as  presented  in  the  next 

chapter. 

8.3.1 Hourly electricity generation 

To estimate production potential of 4,2 kWp solar PV system, scaling down to hourly 

electricity production and consumption is required. Production calculations are based on 

Building Regulation D5 of Finnish Ministry of the Environment (2012) Equation (11.1). 

Irradiation data from Finnish Meteorological Institute from Revonlahti is applied in the 

calculations and results are presented as hourly averages produced in kWh/m2 in June 

table  6.  Similar  calculation  is  made  for  each  month  of  the  year  to  have  more  reliable 

estimate of the utilized electricity rate. To estimate the hourly utilization rate, share of 

produced electricity that is not utilized is calculated for each hour by using excel. This 

is  done  by  decreasing  hourly  household  consumption  from  hourly  production. 

Calculations  in Table  10  are  done  on  July  average  hourly  production  of  the  4,2 kWp 

solar PV system. Results of table 10 are presented in Figure 40.  
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Hour 

Average 
kWh/m2/d  

July, 2006-2012 

kWh of generated 
electricity with 
4,2kWp system 

Hourly 
consumption of a 
household in July 

Hourly un-
utilized 
electricity 

0   0,000   0,001   0,709   -‐0,709  
1   0,002   0,016   0,516   -‐0,508  
2   0,012   0,065   0,525   -‐0,476  
3   0,029   0,144   0,674   -‐0,548  
4   0,054   0,247   0,482   -‐0,251  
5   0,091   0,458   0,493   -‐0,103  

6   0,199   1,005   0,788   0,066  
7   0,330   1,529   0,813   0,601  
8   0,403   1,843   0,855   0,874  
9   0,452   2,044   1,096   0,841  
10   0,480   2,146   1,011   1,044  
11   0,492   2,178   1,241   0,865  
12   0,478   2,122   1,116   0,930  
13   0,429   1,947   0,775   1,065  
14   0,384   1,740   0,806   0,838  
15   0,324   1,484   1,075   0,315  

16   0,258   1,186   1,494   -‐0,389  
17   0,180   0,843   1,073   -‐0,300  
18   0,060   0,276   1,190   -‐0,932  
19   0,031   0,158   0,912   -‐0,779  
20   0,008   0,046   0,733   -‐0,698  
21   0,001   0,008   0,602   -‐0,597  
22   0,000   0,000   0,807   -‐0,806  
23   0,000   0,000   0,681   -‐0,681  

  
Total kWh 21,485   20,464   7,439  

 

Figure 40.  Consumption curve and production of 4,2 kWp system on average day in 

July. 
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As  the  monthly  productions  of  4,2 kWp  solar  PV  system  were  compared  with  the 

monthly  consumption  curves,  following  findings  were  made;  from  September  until 

March, the  4,2 kWp  system  production  remains  below  hourly  consumption.  This 

implies that majority of the produced electricity would be utilized from September until 

March. From September to March the 4,2 kWp system generates 596,81 kWh, which is 

17,33%  of  the  total  annual  production.  Share  of  utilized  electricity  for  each  month  is 

estimated as in Table 11. 

Table  11.  Share  of utilized  energy  based  on  average  consumption  and  monthly 

production of 4,2 kWP system. 

Month 

Percentual share 
of  utilized 
energy 

Monthly 
production Share of utilized electricity 

1   1   6,23   6,23  

2   1   42,05   42,05  

3   1   225,82   225,82  

4   0,907   432,48   392,23  

5   0,707   633,53   448,06  

6   0,598   683,40   408,66  

7   0,630   636,51   401,23  

8   0,775   460,59   356,75  

9   1   226,16   226,16  

10   1   80,26   80,26  

11   1   13,47   13,47  

12   1   2,82   2,82  

  

Total   3443,32   2603,73  

According to the estimates listed in Table 11, in total, 3 443,32 kWh is produced by the 

4,2 kWp  solar  PV  system  per  year,  out  of  which  2 603,73 kWh  would  be  utilized. 

According  to  these,  an estimated  75,6  %  of  the  total  produced  electricity  would  be 

utilized  and, thereby, self-utilization  rate  75,6%  is  used  in  the  economic  assessment 

calculations.  

Few remarks of the utilization rate need to be made. Due to seasonal (winter - summer), 

daily (night - day) and meteorological (cloudy - sunny) variance in solar irradiance, the 

amount of electricity generated fluxes significantly. Thereby, solar electricity can only 

be  generated  while  solar  irradiance  is  available,  despite  the  fact  that  electricity 

consumption occurs when household appliances are being used. The fact that the share 

of utilized electricity influences the economic feasibility needs to be considered.  

However, agreements  between  solar  electricity  producers  and  local  electricity 

distributor  companies  can  be made.  Few  examples  of  different  compensation  methods 
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are found in Finland. For example a row house located in Oulu, that has a joint solar PV 

system  has  piloted  a  solar  electricity  consumption  solution  with  the  local energy 

provider,  Oulun  Energia.  In  the pilot, the  share  of  electricity  that  is  generated  by  the 

solar PV installation is reduced from the share of consumed electricity, instead of being 

sold  with  a  lower  price  to  the  national  grid.  (Rakennuslehti,  2016)  The  pilot  site  of 

Päivänpaisteenmaa  could also be  executed  as site for  surplus  solar  electricity 

compensation, if willing partners are to be found. 

8.3.2 Solar PV system 42 kWp 

The houses presented in figure 41 is a proposal of the 42 kWp solar PV system for the 

10  households  in  the eco-district of Päivänpaisteenmaa. Two  of  the  houses  would  be 

facing directly south, four facing east in an angle of 25 degrees, and four facing west in 

an  angle  of  40  degrees.  Panels  could  be  organized  also  as  a  joint  system  e.g.  at  the 

northern edge of the RP-1 field area. Option of per house installations is studied in this 

thesis.  

 

Figure 41. Ten houses of the pilot site together have 150 280 W solar panels.  

Solar PV systems installed on the rooftops are considered to be joint a common inverter 

station, from where the produced electricity is distributed for houses of the area. Each of 

the ten houses is equipped with fifteen 280 W solar panels (Figure 42).  
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Figure 42. Individual house with fifteen 280 W solar panels.   

As the rooftops are oriented to different directions orientation losses are considered.  

Orientation losses are based on PVGIS (2016) estimates and made proportional with 

production capacity at Päivänpaisteenmaa. Total per hour production on an average day 

of July is presented in Figure 43. Differently orientated houses divided to three groups; 

four houses facing west (G40), four houses facing east (G25) and two houses facing 

south (G). Production of different groups is presented in Figure 43. 

As seen in Figure 43, the orientation of the solar PV equipment affects the hourly 

distribution of generated electricity. Group facing east begins to generate electricity 

earlier than the south facing group, and the group facing west continues to produce 

electricity longer in the evening. This is due to the directions from where sun is rising 

and where it is setting. Such orientation of the houses can be used to smoothen the 

electricity production curve to meet the need more in the morning and evening 

consumptions times (figure 44).  

  
Figure 43. Hourly distribution of generated electricity on an average day of July by 

different groups of solar installations. 
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Figure 44. Dark green is the production curve of south facing panels. Light green is the 

production of scenario where systems face different directions 

Annual orientation losses of east (40 °) and west (25 °)  facing solar PV systems 

according to PVGIS (2016) estimates at the pilot site are 1,8% (247,9 kWh) east facing 

systems and 5,0% (688,7 kWh) for the west facing systems. Altogether the total losses 

all ten household with 4,2 kWp system compared to the situation that all the houses are 

facing south form a total loss of 2,72% (936,63 kWh). Losses in electricity production 

due orientation losses are considered in the economic assessment. 

8.4 4,2 kWp Solar PV feasibility 

Two main features affect solar PV investments; the production capacity of the installed 

solar PV equipment and the share of electricity that is utilized by the producer. 

Importance of self-utilized share electricity for feasibility is much due to the retail price 

of generated electricity. Excess generated electricity can be sold to the national grid, but 

the compensation remains significantly lower than the purchase price.  

When electricity is bought from the grid, price consists of electricity bulk price, 

transmission fee and of taxes. When electricity is sold, compensation regards only the 

bulk price of electricity, which is approximately one third compared to the electricity 

purchase price. In the region of Oulu purchase price of electricity would be 12 cnt/kWh 

and retail price 4 cnt/kWh (Oulun Energia, 2016). 
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To  assess  the  impact  of  electricity  self-utilization  rate  on  payback  time,  FinSolar 

Investment Calculator (2016) was used to assess the profitability and payback time of 

the three solar PV system options of 3,2 kWp, 5,3 kWp and 42 kWp. Payback time is 

estimated with 20%, 40%, 60%, 80% and 100% electricity self-utilization rates (figure 

45). 

Prices  of  the  solar  PV  systems  are  based  on  Oulun  Energia  Solar  PV  Systems  (2016) 

prices. The price of 42 kWp system is based on the catalog of Areva Solar (2016) and 

the  installation  costs  are  estimated  based  on  the  installations  costs  of  Oulun  Energia 

Solar PV Systems (2016). As seen in the figure 45. Large systems with high percentage 

share of self-utilized energy reach the lowest payback times.  

 

Figure 45.  Influence of % share of self-utilized energy on the payback time of solar PV 

system investment 

Another essential factor for solar PV feasibility is the correspondence between system 

size and price per installed kWp. Small solar PV systems tend have significantly higher 

€/kWp  costs.  This  is  mainly  since  smaller  systems  don’t  reach  advantages  in  the 

economy of scale, e.g. in installation labor or equipment investment costs.  (Tahkokorpi 

2015)  Large solar PV systems require larger initial investments, but reach lower price 

per installed kWp as seen in Figure 46. Prices of different sized systems of Finnish solar 

panel manufacturer SaloSolar (2016) are presented in Figure 46. Systems are equipped 

with different inverter systems.   
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Figure 46. Solar PV system sizes and prices per kWp with different inverters and panels 

As seen in Figures 45 and 46, it would be optimal to acquire a larger system, and 

thereby lower price per installed kWp and as high share of self-utilized electricity as 

possible to reach shorter payback periods. By these boundaries, it is preferable to 

consider having a joint system of 42 kWp for the pilot site of Päivänpaisteenmaa. 

Economic feasibility of 42 kWp solar PV system installation is thereby chosen for 

assessment.  

FinSolar Investment Calculator (2016) is used to assess the feasibility of the investment. 

Price of the 42 kWp joint acquisition is 55 000 €, as the solar PV acquisition delivered 

during summer 2016 to the elementary school of Muhos. Details of the acquisition price 

are provided by the technical leader of the Municipality of Muhos. Acquired 42 kWp 

system came operational in August 2016. In later years the production data of this 

systems can be used as a reference for to the estimated production values presented in 

this thesis.  

A number of values are set to FinSolar Investment Calculator (2016. Annual electricity 

price increase of 2,25% is expected and household reduction of 6,5% of the total 

investment is anticipated. Electricity Purchase price of 12 cnt/kWh and retail price of 4 

cnt/kWh are used (Oulun Energia, 2016). Inverters are expected to be changed once 

during the life time of the solar PV system and are expected to cost 8% of the initial 

investment. Investment’s loan rate is expected to be 2%. Annual power loss is expected 

to be 0,5%. System lifetime is expected to be 30 years. 
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In  section 8.4 (4,2  kWp  Solar  PV  system  assessment)  of  this thesis, the  share  of  self-

utilized electricity produced by the solar installation was estimated to be 77,6%, but due 

to  losses  of  orientation  this  number  needs  to  be  redefined.  Annual  losses  due to 

orientation  differences  for  the  total  system  are  expected to  be  2,72%  (936,63 kWh). 

This loss is taken into consideration by decreasing 2,72% from the annual production of 

803,80 kWh/kWp,  giving  annual  production  of  781,94 kWh/kWp.  By applying these 

figures  to  the  Finsolar investment calculator  payback  period  of the investment is 

estimated to be 16 years. Results are presented in table 12. 

Table 12. Feasibility by Finsolar investment calculator (2016) 

  
Year  

  

Internal  rate  of  return  
%  (IRR)  

Cumulative    profit  of  
investment  €/a  (0%  interest)  

Net  present  value  (NPV)  with  2%  
interest  

0  

  
-‐51  425  €  

  1   -‐93,5%   -‐48  058  €   -‐47  180  €  

2   -‐70,7%   -‐44  631  €   -‐43  951  €  

3   -‐51,3%   -‐41  144  €   -‐40  730  €  

4   -‐37,4%   -‐37  595  €   -‐37  516  €  

5   -‐27,6%   -‐33  984  €   -‐34  309  €  

6   -‐20,5%   -‐30  309  €   -‐31  110  €  

7   -‐15,2%   -‐26  569  €   -‐27  918  €  

8   -‐11,2%   -‐22  764  €   -‐24  733  €  

9   -‐8,1%   -‐18  891  €   -‐21  556  €  

10   -‐5,7%   -‐14  950  €   -‐18  387  €  

11   -‐3,7%   -‐10  940  €   -‐15  225  €  

12   -‐2,1%   -‐6  859  €   -‐12  070  €  

13   -‐0,7%   -‐2  706  €   -‐8  923  €  

14   0,4%   1  520  €   -‐5  783  €  

15   0,4%   1  420  €   -‐5  855  €  

16   1,3%   5  796  €   -‐2  730  €  

17   2,1%   10  249  €   388  €  

18   2,8%   14  780  €   3  498  €  

19   3,3%   19  391  €   6  601  €  

20   3,8%   24  083  €   9  697  €  

21   4,3%   28  858  €   12  785  €  

22   4,6%   33  716  €   15  866  €  

23   5,0%   38  660  €   18  940  €  

24   5,3%   43  691  €   22  006  €  

25   5,5%   48  810  €   25  065  €  

26   5,8%   54  019  €   28  117  €  

27   6,0%   59  319  €   31  161  €  

28   6,1%   64  712  €   34  198  €  

29   6,3%   70  200  €   37  228  €  

30   6,5%   75  785  €   40  251  €  
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To form another more optimistic feasibility scenario electricity retail price is expected 

to  be  12 cnt/kWh,  or  the  share  of  electricity  that  is  sold  to  the  grid  would  be 

compensated e.g. as reduction of kWh of bought electricity, giving a self-utilization rate 

of  100%.  Feasibility  by  these  estimates  as  in  Table  13  gives a  payback  period  of  13 

years instead of 16 years.  

Table 13. Feasibility by Finsolar investment calculator (2016) 

  
Year  

  

Internal  rate  of  
return  %  (IRR)  

Cumulative    profit  of  
investment  €/a  (0%  

interest)  

Net  present  value  (NPV)  
with  2%  interest  

0        -‐51  425  €       

1   -‐92,3%   -‐47  444  €   -‐46  591  €  

2   -‐67,8%   -‐43  394  €   -‐42  774  €  

3   -‐47,8%   -‐39  272  €   -‐38  966  €  

4   -‐33,9%   -‐35  077  €   -‐35  166  €  

5   -‐24,2%   -‐30  809  €   -‐31  376  €  

6   -‐17,2%   -‐26  465  €   -‐27  595  €  

7   -‐12,1%   -‐22  045  €   -‐23  822  €  

8   -‐8,3%   -‐17  548  €   -‐20  059  €  

9   -‐5,3%   -‐12  971  €   -‐16  304  €  

10   -‐3,0%   -‐8  314  €   -‐12  559  €  

11   -‐1,1%   -‐3  575  €   -‐8  822  €  

12   0,4%   1  248  €   -‐5  094  €  

13   1,6%   6  155  €   -‐1  375  €  

14   2,6%   11  148  €   2  335  €  

15   2,7%   11  830  €   2  831  €  

16   3,6%   17  000  €   6  524  €  

17   4,3%   22  261  €   10  207  €  

18   4,9%   27  614  €   13  882  €  

19   5,4%   33  062  €   17  548  €  

20   5,8%   38  605  €   21  205  €  

21   6,2%   44  245  €   24  854  €  

22   6,5%   49  985  €   28  493  €  

23   6,8%   55  825  €   32  124  €  

24   7,0%   61  767  €   35  746  €  

25   7,3%   67  814  €   39  360  €  

26   7,5%   73  967  €   42  964  €  

27   7,6%   80  227  €   46  560  €  

28   7,8%   86  597  €   50  147  €  

29   7,9%   93  079  €   53  726  €  

30   8,1%   99  675  €   57  296  €  

As a conclusion to solar PV feasibility, the following can be stated. By investing in a 

larger system, substantially lower €/Wp prices can be achieved; yet the solar PV system 

should not be over-sized to ensure economic feasibility. By the current policy, costs of 

investing  to  a  larger  system  that  generates  substantially  larger  quantity  of  electricity 

than  the  demand  is  capable  of  utilizing  leads  to  a  situation  where  selling  the  excess 

electricity does not create sufficient monetary return to cover the investment costs.  
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Therefore  preferable  would  be  to  reach  a  circumstance  where  the  excess  of  electricity 

could  be  sold  with  price  e.g.  of  similar  as  electricity  purchase.  Or  to  reach  situation 

where the excess of produced electricity would be compensated e.g. from the monthly 

electricity  bill  by  reducing  the  amount  of  kWhs  produced  from  the  amount  of  kWhs 

bought  from  the  grid.  Examples  of  such  solutions  already  exist and were  presented 

earlier  in  this  theses  (6.3  Background  on  energy  solutions  proposal).    The  pilot  of 

Päivänpaisteenmaa could form a pilot area for such solutions. 

It could also be assumed that the solar PV investment would increase the value of the 

houses  at  the  pilot  site and  compensate  for  the investment  costs  of  the  solar  PV 

equipment. The investment would also be producing low carbon electricity and promote 

the renewable and clean energy technologies.  

8.5 Solar thermal collector system 

Solar  thermal  collector  (STC)  system  is  considered  as  an  option  for  household  water 

heating.  STC  system  provides  warm  water  by  harnessing  heat  energy  from  solar 

radiation.  STC  system  produced  heat  mainly  during  summer  months,  yet  production 

takes  place  also  during  spring  and  autumn  periods.  (Solar  thermal  systems  in  Oulu, 

2014) STC system can be combined for the space heating system of a house (underfloor 

heating) if wanted, but in this thesis, STC system is considered only for water heating 

purposes 

Solar thermal system sizing is based on the estimations of warm water demand. As the 

average per month heat energy demand for water heating is 354 kWh systems is sized to 

produce sufficiently heat energy to meet the warm water demand from June to August. 

These are the months with highest production and are applied in system sizing to avoid 

over-sizing the system. Over-sizing the system lead to production of excess heat energy, 

which would possibly require investing to a larger water accumulator. Investment costs 

are kept as low as possible by optimizing the sizing of the STC system.  

Yield calculations on solar thermal system sizing are needed to assess the suitability and 

to optimize the size of the system. Production of the solar thermal system is calculated 

by Finsolar Solar Thermal Investement Calculator (2016a) by using the solar irradiance 

data  of  Revonlahti.   A  comparison  was  made  between  Solar  Electricity  Handbook 

(2016) solar irradiance data of Oulu and Solar irradiance data of Revonlahti, Oulu. Solar 
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irradiance  at  Revonlahti  is  approximately  25%  less  than  Solar  Electricity  Handbook 

(2016)  estimates.  This is likely  due  to  higher  accuracy  in  of  local  data  in  terms  of 

weather impact on arriving solar irradiance.  

Solar thermal system calculations are based on the specifications of SavoSolar’s SF100-

03-DE  solar  thermal  collector.  Dimensions  of  the  collector  are  2,057  m  x  1,059  m  x 

0,98 and weight is 35 kg. Absorption area of the collector is 2,002 m2. Efficiency of the 

solar  thermal  panel  at  the  location  is  expected  to  be  0,85,  when  facing  south  in  40° 

angle. (SavoSolar, 2016) Based on the literature, the efficiency of the system pump and 

piping  system  is assumed  to  be 0,8.  (Finnish  Ministry  of  the  Environment,  2012) 

Combined panel and system efficiency thereby is 0,68. The outcome of Finsolar Solar 

Thermal  Investement  Calculator  (2016a) is  presented  in  Table  14.  The  annual 

production capacity of solar thermal collector system is 2 186 kWh.  

Table 14. Total monthly generated heat in kWh by SavoSolar SF100-03-DE thermal 
collector system 

Month  kWh/m2/month* Days  per  

month 

Average per day 

radiation* 

Absorption 

area (m2) 

Total 

efficiency 

Total generated 

energy 

1 1,50   31   0,05   4   0,68 4 

2 9,82   28   0,35   4   0,68 27 

3 52,71   31   1,70   4   0,68 143 

4 100,95   30   3,37   4   0,68 275 

5 147,88   31   4,77   4   0,68 402 

6 159,52   30   5,32   4   0,68 434 

7 148,58   31   4,79   4   0,68 404 

8 107,51   31   3,47   4   0,68 292 

9 52,79   30   1,76   4   0,68 144 

10 18,73   31   0,60   4   0,68 51 

11 3,14   30   0,10   4   0,68 9 

12 0,65   31   0,02   4   0,68 2 

Total 803,80   365   26,30   4   0,68 2186 

*Measured in kWh/m2/day at Revonlahti.  

With the panel area of 4 m2, there is a slight overproduction of heat energy (127 kWh) 

in  May  and  June.  Figure 47 shows  how  the  generated  amount  of  water  heating  is 

expected  to  be  divided  throughout  the  year.  In  May,  June  and  July  warm  water  need 

would be completely covered on an average day. STC system would produce more than 
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half  of  the  warm  water  need  in  April  and  nearly  covers  the  need  in  May  and  August.

Figure 47. Heat energy produced by solar thermal collector system compared to warm 

water need by month. 

According to the calculation, the SaloSolar solar thermal panels would generate 546,6 

kWh/m2/a, which is to some extent a high rate of performance as realized rate normally 

is  in  between  400-500 kWh/m2/a (Solar  thermal  systems  in  Oulu,  2014).  SavoSolar’s 

solar thermal panels though are among the highest efficiency panels and the calculation 

assumptions  are  based  on  the  optimum  settings  in  terms of  orientation  and  shading. 

Figure 48 presents  how  total  annual  heating  is  divided  to  space  and  water  heating. 

Proportion of warm water that the STC system produces accounts for 51,5% of the total 

annual  warm  water  demand,  leaving  rest  (48,5%)  of  the  water heating  demand  for 

GSPH system.  

 
Figure 48. Total annual heating energy demand divided to demand of water and space 

heating. 
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8.6 Solar thermal collector system feasibility 

Solar thermal collector system feasibility assessment is based on the price information 

of  Energiakauppa  (2016)  for  the  SavoSolar’s  SF100-03-DE  solar  thermal  collector 

system.  Price  of  the  system  in  question was  1774 €  in  late  September  of  2016.  Price 

includes  equipment  needed  for  the  installation  of  the  panels,  but  does  not  include 

piping, pump, heat storage or installation etc.  

Bagge (2016) studied solar thermal system costs in Finland. On average, the installation 

costs  for  solar  thermal  system  costs  were  814,67 €/m2.  By  the  average  cost  of  814,67 

€/m2 solar thermal system of 4m2 costs 3258,68 €. Solar thermal collector system prices 

in  online  store  of  Taloon  (2016)  sell  4 m2   Ruukki  systems,  which  are  similar  to 

SavoSolar’s system, for 2 241 € while Energiakauppa (2016) sells the similar system for 

2 490 €. Assumption that 4 m2 system with all the needed equipment costs 2 400 € is 

made. To estimate installation equipment cost of 2 400 € is decreased from the average 

installation costs of 3 258,68 €, giving a installation cost of 858,68 €.  

Installation  costs  are  justified  for  the  deduction  of  household  expenses,  which  is 

calculated by the formula of Finnish Tax Administration (2016). This includes 45% of 

manual labour, in this case the installation costs, which are compensated up to 2 000 €, 

of which excess of 100 € is decreased. Therefore, deduction of household expenses is 

calculated as 858,68 €*0,45-100 €, which equals 286,41 €. 

Excel based solar thermal collector system investment calculator of Finsolar (2016a) is 

used  to  estimate  the  feasibility  of  the  solar  thermal  system.  Average  per  day  for  each 

month  irradiation  data  from  Revonlahti  is  used  in  the  calculations.  Values  used  in  the 

calculations  are  presented  in  table 15.  Average  price  for  electric  heating  in  Finnish 

detached  houses  according Finnish  Ministry  of  Energy  (2015)  during  2012-2014  was 

108-117 €/MWh. Price of 117 €/MWh is used for the calculations.  

  



 102 

Table 15. Values used in the solar thermal collector system investment calculator 

Costs of energy 117 €/MWh 

Assumption of the heat energy price % increase per year 2,0% 

Size of the solar thermal collector system in m2 4,00 

Investment costs € (Equipment and installation) 3 259 € 

% share of household deduction per total investment  9 % 

Other subsidies € 0 € 

Interest of the investment (Loan) 1,0% 

Retail price of the excess produces heat €/MWh 0,0 

Total efficiency of the system  0,68 

Yearly decrease in the yield of the solar thermal system -1% 

Life expectancy of the system  30a 

Upkeep and maintenance of the system during the expected lifespan, 
% of initial investment 

10% 

Share of utilized heat of produced total heat 60% 

Feasibility of the solar thermal collector system according to the Finsolar’s investment 

calculator  is  presented  in Table 16.  With  the  set  values  payback  time  is  10  years  and 

during  the  expected  lifetime  of  30  years  the  solar thermal  collector  system  would 

generate total value of 5 583 €. Internal interest rate of the investment would be 10%. 

Table 16. Feasibility of solar thermal collector system. 

Total value of the investment with lifetime expectancy of 30 years 5583 € 

Return of the investment (ROI) 10 

Internal interest rate of the investment with life expectancy of 30a 10,0% 

Price of the utilized solar thermal heat during the life span of 30a 

€/MWh 
49,41 

Cumulative  revenue  of  the  investment  and  net  present  value  of  the  investment  (NPV) 

with chosen interest rates are shown in Table 25. As seen in Table 17, the payback time 

of the investment is 13 years. In total during the life time of 30 years the STC system 

would  generate  52 498 kWh  of  heat  energy.  During  the  life  of  the investment NPV 

would be 3 705 €.  
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Table 17. Solar thermal system payback time with system lifetime of 30 years 

System  lifetime  
Cumulative  revenue  of  the  
investment  €/v  (0%  interest)  

Net  Present  Value  of  the  
investment  (NPV)  with  chosen  

interest  rates  

0   -‐€2  966   -‐€2  936  
1   -‐€2  730   -‐€2  705  
2   -‐€2  491   -‐€2  474  
3   -‐€2  251   -‐€2  243  
4   -‐€2  008   -‐€1  988  
5   -‐€1  762   -‐€1  780  
6   -‐€1  515   -‐€1  549  
7   -‐€1  265   -‐€1  318  
8   -‐€1  012   -‐€1  087  
9   -‐€757   -‐€856  
10   -‐€662   -‐€771  
11   -‐€402   -‐€540  
12   -‐€139   -‐€310  

13   €126   -‐€79  
14   €394   €152  
15   €664   €383  
16   €937   €613  
17   €1  213   €844  
18   €1  492   €1  074  
19   €1  773   €1  305  
20   €1  894   €1  403  
21   €2  181   €1  634  
22   €2  471   €1  864  
23   €2  763   €2  094  
24   €3  058   €2  324  
25   €3  356   €2  555  
26   €3  658   €2  785  
27   €3  962   €3  015  
28   €4  269   €3  245  
29   €4  579   €3  475  
30   €4  892   €3  705  

As  a  conclusion  to  the  feasibility  of  solar  thermal  collector  system,  the following 

findings were made. System in question is estimated to deliver 51,5% (2 186 kWh) of 

the  annual  water  heating  demand  (4 248 kWh).  According  to  Finsolar  investement 

calculator,  STC system  has  a  payback  time  10  years.  During its lifetime  STC  system 

would generate 52 498 kWh of heat energy. Hence the payback period of solar thermal 

equipment,  ecological  point  of  view  (CO2 savings)  can  also  be  considered  in  the 

decision making of solar thermal investment.  

In  addition  to  the  costs,  it  is  important  to  consider  user  experiences  to  assess  the 

suitability  of  solar  thermal  collector  systems  in  the  North of  Finland.    According  to 

Knuuti  (2016), in  the  North of  Finland  the actual  the  yield  of  solar  thermal  collector 
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systems (140-360 kWh/m2/a) usually remains lower than panel producers promise (400-

600 kWh/m2/a). Another finding was that heat production takes place during day, and 

consumption mainly during mornings and evenings. With larger systems (24-140 m2), 

the collector pipes are prone to high heat loss, and during winter times generated heat 

energy  savings  are  withdrawn  due  to  pump  system  electricity  consumption.  Long 

collector  pipes  of  larger  systems  are also prone  to  malfunction,  as  stated by Knuuti 

(2016).  

Although  Finsolar  (2016)  reports  a  more  positive  view  on  solar  thermal  collector 

systems, in cases where more expensive fuels, such as oil, are partially replaced by solar 

thermal  collector  heat.  In  a  case  where  low-energy  houses  that  already  utilize  energy 

efficient  technologies,  savings  due  replacing  more  expensive  fuels  are  not  actualized. 

STC system can be considered more of as ecological act, since energy for heating would 

be harnessed from renewable sources.   

More user experience would be needed in order to attain a more reliable point of view 

on the  practicality  of  solar  thermal  collector  systems  in  the  North  of  Finland.  By  the 

current  know-how,  and  in  the  consideration  of  the  investment  size,  solar  thermal 

collector  systems  could  be  tested  e.g.  at  the  Pilot  site  of  Päivänpaisteenmaa.  Also  it 

needs  to  be  noted  that  solar  thermal  collector  system affects  the  GSHP  system  by 

decreasing the quantity of water heating demand.   

8.7 CO2 emission savings for each technology 

To  assess  environmental  impact  of  the  energy  technologies,  CO2 savings  delivered  by 

reviewed  technologies  are  examined.  Savings  are  due  to  reduced  amount  of  purchase 

electricity. Energy demand for CO2 accounting is based on the assumptions of 7 Eco-

district of Päivänpaisteenmaa energy demand scenario chapter, where annual electricity, 

space  and  water  heating  demand  are  defined.  Annual  energy  demand  is  considered  to 

remain the same trough out the lifetime of the energy technologies. 

CO2 Emission  savings  are  calculated  per  all  ten  houses  of  the  pilot  area, with  an 

assumption  that  households  of  the  pilot  site  have  implemented  the  proposed  energy 

technologies.  CO2 emission  calculations  are  based  on  Motiva  (2012a)  guide  on  CO2 

accounting  emission  factors  in  Finland.  As  found  earlier,  district  heating  option  is not 
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feasible at the Päivänrinne Pilot site, therefore emission factor of electricity is applied in 

the  calculations.  Local  electricity  producer,  Oulun  Seudun  Sähkö  does  not  provide 

information on their emission factor, therefore the Finnish average CO2 emission factor 

is  applied.  Average  Finnish  CO2 emission  factor  is  210 kgCO2/MWh.  Conclusive 

numbers are presented in Table 18. 

Table 18. CO2 accounting of GSHP, solar PV and thermal equipment  

 

GSHP Solar PV system Solar thermal 

Annual production/ 

savings in electricity use 

in kWh 

99661 33486,6 21860 

Total production/ savings 

in kWh during system 

lifetime 30a* 

2379570 996856,9 52498,3 

Tonnes of CO2 savings 

during system lifetime 

30a 

499,7 209,3 11,0 

  

As  seen  in Table  23, highest  impact  in  CO2 savings  (499,7 tCO2/30a)  is  delivered  by 

GSHP. In the cases of solar PV and thermal systems the annual efficiency decline of 1% 

is  considered.  Solar  PV  system  delivers  significantly  higher  quantity  of  CO2 savings 

during  system  lifetime  compared  with  the  solar  thermal collector  system.  By  the  CO2 

emission factor of 210 kgCO2/MWh, GSHP and solar PV system can be considered to 

bring notable savings in CO2 emissions.   

In Table 19, CO2 savings scenario where no electricity is produced and space and water 

heating are operated with electricity is compared to a scenario where GSHP and 42 kWp 

solar PV system are implemented. Total produced electricity by the 42 kWp solar PV 

installation  is  considered  in  the  CO2 savings,  even though all  of  this  electricity  might 

not  be  utilized by  the  household  of  the  pilot  site.  Electricity  produced  by  solar  PV 

installation  is  considered  not  to  cause  CO2 emission,  although  during  the  lifespan  of 

production,  transportation,  installation  and  recycling  CO2 emissions  are  likely  to  be 

created.  CO2 savings  in  the  scenario  where  GSHP  and  solar  PV  are  implemented  is 

according to these estimates is 62,9% (709,1tCO2/30a).  
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Table 19. Comparison of CO2 emissions with and without the GSHP and solar PV 

installation  

Annual  electricity  use  of  ten  pilot  site  houses   17  8980  kWh  

Total  electricity  use  30a   53  694  00  kWh  

CO2  emissions  (30a)  without  implemented  energy  technology  
solutions  

1127,6  tCO2/30a  

CO2  emissions  (30a)  with  GSHP  and  solar  PV  system   418,5  tCO2/30a  

Emissions  savings  due  technology  implementation  
709,1  tCO2/30a  
(62,9  %)  

In table 20. CO2 savings scenario where no electricity is produced and space and water 

heating are operated with electricity is compared to a scenario where GSHP and 42 kWp 

solar PV system are implemented. Total produced electricity by the 42 kWp solar PV 

installation is considered in the CO2 savings, even tough all of this electricity might not 

be  utilized  by  the  household  of  the  pilot  site. Electricity  produced  by  solar  PV 

installation  is  considered  not  to  cause  CO2 emission,  although  during  the  lifespan  of 

production,  transportation,  installation  and  recycling  CO2 emissions  are  likely  to  be 

created. CO2 savings  in  the  scenario  where  GSHP  and  solar  PV  are  implemented  is 

according to these estimates is 62,9% (709,1 tCO2/30a).  
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9 SUMMARY  

In  the  modern  world, rapidly  globalizing  human  societies  constitute  a  global  force  of 

change  at  the  planetary  scale, capable  of  disrupting  Earth's  natural  systems  and  life 

support  processes.  Human  action  is  currently  challenging  the  social-ecological 

resilience  by  generating  a  bulk  of  environmental  changes  and  bringing  the  future 

wellbeing  of  the  human  population  on  Earth  into  question.  People  in  the  globalized 

societies are an integrated part of Earth’s ecosystems - there are no ecosystems without 

people and no people that do not depend on the ecosystem functioning. 

The  climate  system is  currently  challenged  by  a  bulk  of  environmental  changes. 

Likelihood  of  severe,  pervasive  and  irreversible  impacts  on  people  and  ecosystems  is 

increased  as  continued greenhouse  gas  emissions  cause  further  warming  and  long 

lasting changes in all components of the climate system. These systems are estimated to 

have  thresholds  and  tipping  points  which  when  violated  may  cause  imbalance  in  the 

social-ecological  resilience of  Earth’s  ecological  systems. Crossing  one  or  more  of 

thresholds can trigger highly damaging or even catastrophic, non-reversible, non-linear 

and  abrupt  environmental  changes  within  continental  or  planetary-scale,  leading  to  “a 

state less conducive to human development”.  

Sustainable  development  is  a guiding concept  and  a  central  theme  of  this  thesis. 

Essentially  sustainable  development  can  be  understood  as  preserving  and  creating 

opportunities  for  future  generations  to  meet  their  needs  for  living  a  prosperous  life. 

From  the  perspective  of  the  biosphere,  development  does  not  simply  mean  growth,  as 

measured  by  indicators  of  economic  performance  such  as  gross  national  product.  To 

develop sustainably means that the needs of the biosphere are balanced with the needs 

of the human population. The bottom line for sustainability is that we must learn to live 

on  our  natural  income  rather  than  deplete  our  natural  capital.  To  make  choices  that 

preserve  humanity’s  fundamental  lifeline  is  the  condition  to  proceed  towards a 

sustainable future. 

Biosphere can be understood to comprise of different stocks of natural capital. Natural 

capital refers  to  “any  stock  of  natural  assets  that  yields  a  flow  of  valuable  goods  and 

services  in  the  future”.  This  flow  is  known  either  as  natural  income  or  ecosystem 

services.  Ecosystem services  are  understood  as  aspects  of  ecosystems  that  are  utilized 

either actively or passively to produce human well-being. To distinguish the difference 
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between natural capital and ecosystem services following example is given. Forest is a 

component of natural capital, and climate regulation the ecosystem service it provides; 

or healthy soil being the component of natural capital, while food or energy production 

is  the  provided  ecosystem  service. Sustainable  management  of  natural  capital  allows 

natural  systems  to  continue  providing critical  goods  and  services  while  absorbing 

pollutants and emissions, an example of this being the atmosphere’s capacity to regulate 

the planet’s climate. There is increasing recognition that many stocks of natural capital 

are being utilized at an unsustainable rate. Unsustainable resource use and management 

has  consequences  in  human  well-being  e.g.  in  terms  of  securing  access  to  different 

forms of natural capital and ecosystem services. As sustainability refers to maintaining 

or increasing wellbeing across generations, it is determined by whether stocks of capital 

are passed on to future generations.  

Well-being  or  quality  of  life  can  be  understood  in  terms  of  needs  being  met  by  an 

individual or a group. Importance of a specific need, degree of need being met and how 

need fulfillment is perceived result either to dissatisfaction or satisfaction of a group or 

an  individual  that  creates  the  subjective  experience  of  well-being.  The  flow  of goods 

and services that provide opportunities to meet the needs related to well-being build up 

from  the  co-operation  of  natural  capital  and  structures  of  the  modern  societies.  The 

societies  of  our  time  are  dependent  on  non-renewable  sources  of  energy  to  continue 

their function to provide goods and services essential for well-being. The depletion of 

non-renewable energy resources and climate change are major challenges that make the 

transition towards clean and renewable energy sources and energy efficiency essential.  

This  transition  is  promoted  on  different  levels  ranging  from  local  levels to a global 

extent.  Global  policies and  agreements, such  as  the United  Nation’s sustainable 

development  goals  and  the recently ratified  Paris  climate  agreement  (4.11.2016)  are 

joining nations to pursue sustainable development e.g. by creating requirements to make 

consistent financial flows to support a pathway towards low greenhouse gas emissions 

and  climate  resilient  development.  EU  has  set  targets,  such  as  the  Renewable Energy 

Directive for its member states to promote the transition towards low carbon economies 

and more climate resilient communities. Finland, as a member state of European Union 

has  committed  to the 20-20-20 national targets,  which  is increasing its  share  of 

renewables in  its  energy  mix  to  38%  by  2020.  Regional  level  climate  strategies 

influence decision-making in local degree and e.g. on municipal scale as projects such 
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as  the  Carbon  Neutral  Municipalities  project  promote  the  implementation  of  various 

energy technologies. 

Community  and  community  scale  energy  technology  solutions  are  a  central  topic 

explored  in  this  theses,  since  community  can  be  considered  to  be  the  smallest unit of 

sustainability. This is due to the fact that subjective well-being is not merely influenced 

by meeting basic material and physical needs by an individual, but it is also influenced 

by  the  need of fulfilment on the  societal  level.  The  well-being  of  a  community 

influences  the  well-being  of  an  individual,and  vice  versa.  In modern societies  and 

communities, technology plays a  central  role  enabling  capacities  for  social  welfare. 

Therefore,  selecting the  most  adequate  technologies  has  the  greatest  importance  in 

steering development along a socially and environmentally sustainable pathway. 

Distributed Energy generation systems are defined by their feature of conversion units 

being situated close to energy consumers and the fact they commonly utilize renewable 

energy  sources  by  small-scale  energy-generating  technologies  such  as  photovoltaics, 

micro-wind turbines, small-scale combined heat and power installations, ground source 

heat pumps (GSHP), etc. Sustainability and flexibility of distributed energy systems is 

associated  with  their  scalability  and  ability  to  utilize  various  local  resources  and  fuels 

due  to  significantly  smaller  transmission  losses  than  in  centralized  energy  production.  

They can also be hybrid systems, which would entail a combination of different energy 

technologies.  When  technologies  that  utilize  renewable  energy  sources  and  promote 

energy efficiency are chosen appropriately and in regard of the geological location and 

local conditions, the need for external energy supply can be considerably reduced.  

The  practical  part  of  this  thesis includes  selecting  and  sizing a  hybrid  system  for  a 

community of ten houses located in North of Finland. Promoting energy efficiency and 

increasing energy self-sufficiency and considering local opportunities (solar irradiation) 

and  needs  (electricity  and  space  heating  demand)  forms  the  basis  for  hybrid  energy 

system design. Feasibility assessment and sizing of GSHP, solar PV and solar thermal 

systems  were  performed  in  regard  to  the  energy  demand  of  a  conceptual eco-district. 

The eco-district  of  Päivänpaisteenmaa  is  a  proposal for  a  pilot  site  of  the Renewable 

Community  Empowerment  in  Northern  Territories project. It  would  also  promote  the 

objective of the Municipality of Muhos to move toward a Carbon Neutral Municipality 
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status. Realization of this pilot site is still open, as the town plan has only recently been 

created and no construction related to the project has been initiated yet.  

Research conducted in this thesis led to the conclusion that GSHP is a feasible solution 

to gain significant reduction in electricity use related to space and water heating, when 

compared to electric and district heating at the pilot site. This is due to the capability of 

GSHP system to extract, transfer and condense geothermal heat effectively as 1 kWh of 

electricity  produced  3 kWh  of  heat.  Per  house  demand  for  space  (7650 kWh/a)  and 

water (4248 kWh) heating is thereby reduced to one third of the total annual (from 11 

898 kWh  to  3966 kWh).  GSHP  investment  is  estimated  to  have  payback  time  of  10 

years  compared  to  electric  heating.  A  joint  42 kWp  solar  PV  system was  found  to  be 

capable of producing a total of 3443,32 kWh/a per household, of which 2603,73 kWh/a 

(75,6%)  was  estimated  to  be  self-utilized.  Share  of  self-utilized  electricity  affects 

significantly the payback time, since current retail price is 3-4 cnt/kWh while purchase 

price  12 cnt/kWh.  This  leads  to  situation  where  large  solar  PV  investment  in  a  case 

where  excess  electricity  is  sold  to  national  grid  returns  profit  poorly.  Payback  time  of 

the  investment  was  estimated  to  be  16  years. By  implementing  the  proposed 

technologies (GSHP systems for each house and a joint solar PV system of 42 kWp) the 

community of ten household is assessed to gain a total CO2 savings of 709,1t (62,9%) 

during the time span of 30 years.  

In  addition  to the energy  technology  proposal,  the eco-district  of  Päivänpaisteenmaa 

concept is proposed to be executed by uniting local residents, municipal actors, research 

and business to co-create a pilot site, where sustainable living practices could be further 

promoted and researched. Experiences and findings could be shared on platforms such 

as the Carbon Neutral Municipalities movement.  

Finally,  since  sustainability  and  sustainability  assessment  are  central  topics  in  this 

thesis, the  sustainability  of  the  conceptual eco-district  was also assessed  with  the 

sustainability  assessment  templates  developed  for  RECENT  project.  Sustainability 

assessment is performed on economic, environmental, social and technical dimensions 

by  a  questionnaire  that uses nine  indicators: CO2  Reduction, Synergy  Advantages, 

Land-Use  Implication, Impact  on  Environment, Payback  Time, Impact  on  Citizen's 

Health, Does the  solution  teach  sustainable  values?, Community  Impact, Energy 

Security. 
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It  is  expected  that  these  sustainability  assessment  templates will  further help small 

communities  to  recognize  points  of  success  and  improvement  regarding  different 

aspects of sustainability.  
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Template for Environmental Assessment- Task 4.4.1 

The template below should be completed when a RECENT partner performs 
Environmental Assessment as per requirement of Activity 4.4, Task 4.4.1. 

Background information of the pilot community 

Name of the 
community/settlement 

Muhos, Eco-district of Päivänpaisteenmaa pilot proposal  

Country Finland 

Region Oulu 

Population of the community 
Muhos has 9000 inhabitants, Päivärinne where pilot is located has 1000 

inhabitants 

Indicator 1 – CO2 Reduction 
Total 
points: 

1,5 

1.1 How does the pilot 

contribute to CO2 

reduction? 

Increases CO2 emissions Neutral Effect Decreases CO2 emissions 

    
Notably 
(1p) 

Ground source heat  pump (GSHP) system  is  expected  to  decrease  electricity 

consumption  of  space  heating  by 66.6%.  Solar  PV  system  is  expected  to produce 

33486 kWh of electricity. If the solar thermal system is implemented 21860 kWh of 

electricity  is  saved  in  water  heating. When  comparing  the  saved  quantity  of 

electricity  to  the  consumption  to modelled  house,  which  would  not  utilized 

proposed  technologies,  pilot case  houses  emits  63%  less CO2. By  implementing 

previously mentioned technologies a notable saving in CO2 emissions in achieved 

1.2. Does the chosen energy 
technology(ies) replace 
fossil fuel based energy 

production? 

   Yes (0,5p) 

Yes. Alternative viable and likely heating method at the pilot site, if GSHP is not 

chosen,  is  electric  heating.  GSHP  can  utilize  electricity  with  significantly  higher 

gain that electric radiator heating. Anticipated COP of GSHP at the pilot site is 3. 

This implies that each kWh of electricity produces 3kWh of heat energy. Also the 

solar PV and thermal equipment decrease the amount of electricity needed from the 

national grid. As according to 1.1 electricity from the national grid is considered to 

have higher KGCO2/kWh values than achieved by these technologies. 
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Indicator 2 – Synergy Advantages  Total points: 0 

 
2.1 Synergy advantages –
How many of the following 
challenges does the pilot 
contributes to? 

 

  
Two 
(0p) 

  

Two, energy and climate change. The energy solutions of the pilot site contribute 

to climate change by decreased CO2 emissions.  

[Waste, Water, Energy, Climate Change, Transportation] 

 

Indicator 3 – Land Use Implication Total points: 2 

Indicator 3 – Land use implication collects information on how much the pilot solution occupies 

land area and on how does it affect its surroundings. How valuable is the occupied land area and is 

there multiple possibilities to use the area of land? 

3.1 Does the land area occupied 

by the pilot solution have 

significance, cultural value or 

other importance? 

No (1p)  

Area doesn’t have significant cultural value, but can operate as a platform for 

creating such in the future. 

3.2 Estimate the impact of the 

pilot solution on the land area 

occupied  

    

High Positive 

1p 

High  positive.  If  the  pilot  would  be  realized,  it  would  combine  social, 

environmental and economic dimensions of sustainable development. Practical, 

reliable  and  feasible  clean  and  renewable  energy  technologies  promote  the 

value of the pilot site land area. Pilot site could offer a platform for business, 

local  people  and  research  to  further  enhance  modern  concepts  of  sustainable 

living.  

1.3 Does the solution(s) 

utilize unused biomass, 

such as forest or agriculture 

biomass? 

No (0p)  

Biomass utilization of the pilot site is mainly related to fireplace of the household 

that utilized wood to produce 15% of the annual space heating demand. Extend of 

utilized is small and thereby considered insignificant.  
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Indicator 4 – Impact on Environment 
Total 
points: 

0,5 

4.1 Pilot’s effect on air 

quality? 

   

Positive 
effect 
0,5p  

 
Pilot  site  compared  to  its  size  and  function  produces  a  notable  quantity  of  electricity 
without  harming  the  air  quality.    Fireplace  and  wood  heated  sauna  will  emit  smoke.  By 
taking  both  of  these  factors  into  consideration,  pilot  site  is  considered  to  have  a  positive 
effect on air quality. 
 
High Positive effect = Produces high amount of energy without harming air quality 
Positive effect = Produces notable amount of energy without harming air quality 
Neutral effect = Produces energy and does not cause significant harm to air quality 
Negative effect = Decreases air quality 
High Negative effect = Decreases air quality significantly 
 

 

 

4.2 Does the solution 

decrease the quality of 

water and soil or does it 

have negative impact on 

biodiversity? 

 

 

  
Neutral Effect 

0p   

Pilot site will not cause pollution or decrease of water or soil quality. Effect of the pilot site 

on local biodiversity is very low. In fact, the number of plant species is likely to increase 

by the patch cultivation area, where sustainable small scale food production can be carried 

out by the inhabitants of the area. 
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Indicator 5 – Payback time 
Total 
points: 0 

Size of the investment and payback time are central factors to be considered in making an investment. 
Relatively small or easily affordable investments with positive environmental impact can considered 
positive even due to long payback. Therefore answer this indicator as follows: 

If the investment is relatively large with long payback time answer 4.1 
If the investment is relatively small with long payback time answer 4.2 
 

5.1 How long is the 

Payback time of the pilot 

investment? 

 

+25 years 

-2p 

 

25-17 years 

-1p 

17-12 years 

0p 

12-5 years 

1 

<5 Years 

2p 

 

Please present estimation of pilots payback time  

 

5.2 How long is the 

Payback time of the pilot 

investment? 

  

17-12 years 

0p   

Payback periods for the different solutions are as follows; 10 for GSHP, 16 for solar PV 

and 10 for  solar  thermal.  When  considering  the  size,  net  present value  and  investment 

payback time it is justified to choose 17-12 years as the payback time.  
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Template for Social Assessment- Task 4.3.1 

The template below should be completed when a RECENT partner performs 
Social Assessment as per requirement of Activity 4.3, Task 4.3.1. 

Indicator 6 – Impact on Citizen Health  
Total 
points: 

1,5 

 

6.1 Positive impacts on 

Citizen Health 

Yes = 0,5p, No = 0p 

5.1.1 Solution is safe (does not pose danger or risks) to inhabitants nearby? Yes  

5.1.2 Solution ensures clean and healthy habitat for living? Yes  

5.1.3 Solution offers sustainable water treatment or waste management 

possibilities?  No 

5.1.4 Does the solution enable citizen with safe, clean, renewable and 

reliable energy? Yes  

 

6.2 Negative Impacts on 

Citizen Health 

Yes = -0,5p, No = 0p 

5.2.1 Does the solution emit noxious gasses in harmful quantities?  No 

5.2.2 Does the solution release toxic compounds in harmful quantities?  No 

5.2.3 Does the solution cause a significant risk of injury?  No 

5.2.4 Does the solution cause significant noise or aesthetic harm?  No 
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Indicator 7 – Does the solution support teaching sustainable values? 
Total 
points: 2 

 

7.1 Does pilot include 

implementation of clean or 

renewable energy 

technologies? 

 Yes 0,5p 

Yes. GSHP, solar PV and Solar thermal.  

7.2 Does the pilot promote 

the energy efficiency? 

 Yes 0,5p 

Houses of the pilot site are planned to be low energy houses. 

7.3 Does the pilot promote 

participation of 

stakeholders? 

 Yes 0,5p 

Yes. Interaction between different stakeholders is required if the project is to be carried 

out. 

7.4 Is the solution visible? 

(Can the implementation of 

the solution be noticed, 

such as solar panels on 

rooftop etc.) 

 Yes 0,5p 

Yes. Solar PV panels and solar thermal collector systems located on the rooftops are 

visible. GSHP heat wells require only small visible area. All of these solutions can be used 

for educational purposes.  

Indicator 8 – Community Impact  
Total 
points: 1 

8.1 Does the solution 

support social cohesion and 

interaction? 

 Yes = 0,5p 

If  the  community  follows  the  principles  of  sustainable  community  building,  social 

cohesion  and  interaction  are  likely  outcomes.  Interaction  between  different  stakeholders 

(inhabitants,  research,  business,  municipal  stakeholders).  Interaction  between  the 

inhabitants  of  the  pilot  site  would  be  encouraged  and  enabled  by  the  joint  parcel 

cultivation area located in the middle of the community.  

8.2 Does the solution(s) 

improve the community’s 

adaptation to climate 

change? 

 Yes = 0,5p 

Solution  utilizes  unused  renewable  energy  sources  (solar  radiation)  and  decrease  the 

consumption of fossil fuels by implementing energy efficient technologies.  

8.3 Does the Pilot improve 

local job creation and local 

business? 

No = 0p  

No. Various contractors are needed to deliver the energy solutions to the pilot site. If new 

innovations  area  tested  and  research  conducted  at  the  pilot  site  job  creation  can  be 

improved. 
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Indicator 9 – Energy Security 
Total 
points: 

0,5 

 

9.1 To what degree does 

the solution contribute to 

energy needs of the 

community? 

0-50% 

0p  

In total the ten households of the pilot site are expected to require 60000kWh of electricity 

annually for the household appliances and such. Space and water heating requirement these 

ten  households  is  estimated  to  require  36990kWh  of  electricity.  In  total  99660kWh  of 

electricity is required annually. Annual solar PV electricity production is 33486 kWh.  

 

9.2 How many months per 

year the solution functions 

due to seasonal variance? 

 More than 6 month / year = 0,5p 

GSHP delivers heat energy for water and space heating. Space heating demand is mainly 

during  summer  months,  but  water  heating  demand  trough  out  the  year.  Solar  PV  and 

thermal systems function mainly from March until September. 

 

9.3 Is the solution prone to 

intermittency issues? 

 Yes -0,5p 

Solar  PV  and  thermal  systems  are  prone  to  seasonal  variance,  variation  of  day  and  night 

and variation in weather. GSHP system is not prone to intermittency issues as long as the 

heat well is sized to be large enough. Yet during coldest periods fireplace is used as back 

up and support heating mode. 

 

9.4 Does the pilot offer 

energy storing capacity? 

 Yes 0,5p 

Heat  can  be  stored  underground  by  the  GSHP  solution.  For  example  from  solar  thermal 

collector system. 
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Template for Sustainability Assessment- Task 4.5.1 

The template below should be completed when a RECENT partner performs 
Sustainability Assessment as per requirement of Activity 4.5, Task 4.5.1. 

Sustainability  Assessment  template  includes  the  instructions  on  how  to  perform 

the final stage of Sustainability Assessment. Please read through the instructions 

provided below and fill the Radar Diagram as instructed, and answer the questions 

on the final page 

1. Instructions for filling the Sustainability Radar 

 
1.1 Rate  the  performance  of  each  of  the  nine  indicators  by  comparing  the  total 

number of points to the impact / performance scale provided below. 

1.2 Fill  the  Sustainability  Radar  Diagram  on  the  2nd page  with  the  performance 

color of each indicator 

1.3 On third  page,  fill  the  Sustainability  diagram  in  the  provided  excel  file  and 

copy it here 

1.4  Answer  the  questions  to  reflect  on  the  current  state  and  sustainability  of  the 
pilot 

 

 

 

 

 

 

 

Impact  /  
Performance  

Points  

High  Positive   2  

Positive   1  

Neutral   0  

Negative   -‐1  

High  Negative   -‐2  
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2 Sustainability Assessment 

2.1 Please describe the outcome of the sustainability assessment and consider sustainability long-term 

At  the pilot site eco-district of Päivänpaisteenmaa  methods  and  technologies  for  sustainable living could  developed. Living  in 

general appears to be approaching more energy efficient direction, and the pilot site of Päivänpaisteenmaa could promote and act 

as an example for transitions towards more sustainable future energy consumption.  

2.2 Please specify points of success and strengths of the pilot 

Promotion clean and renewable energy technologies and promotion of stakeholder participation and interaction if realized. 

2.3 Please specify weaknesses and points of improvement 

Solar PV is prone to intermittency, and a variety more of solutions related to the pilot site could be researched. 

 


