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Abstract 

This thesis is made as a part of the RECENT project which aims to increase energy independency in rural areas by 

providing sustainable solutions to them. The aim of this thesis is to design an eco-district for the municipality of 

Muhos utilizing sustainable energy and other environmental friendly solutions. The main focus was to study 

household energy consumptions, compile consumption profile and size solar photovoltaic (PV) system for the area by 

modelling. At the start of the thesis a survey was held during a builder fair to clarify the interest of people towards 

eco-district and sustainable solutions. 

 

Theoretical part of this thesis included examining existing ecological settlements and their main features, different 

real estate company forms from legal and suitability points of view and typical energy issues related to buildings. 

Ecological settlements were found usually to have low energy consumption, renewable energy, recycling, good-

quality materials and communality. Importance of careful planning and taking potential challenges into account were 

considered. Four different kinds of real estate company forms were examined; housing company, joint-stock property 

company, right of occupancy organization and co-operative housing association. Energy issues discussed included 

energy saving, ecological living habits, energy efficient appliances, heating technologies, electricity production with 

solar PV panels, energy storage and house automation. 

 

Practical part was started by choosing basic structures for the case. The area was chosen from town plan of 

Päivänpaisteenmaa in cooperation with the Muhos municipality’s representatives. The suitable area was chosen to be 

road Maijanlenkki because of its shape and surroundings. Plots, houses and common service building were planned 

for the area so that energy technologies could be sized in the next phase. Community, technical and northern aspects 

were taken into consideration. Additional solutions favored by people in the questionnaire were applied to this thesis 

which were common waste management system, composting and recharge point for electric cars. Energy demands in 

space heating, water heating and electricity were calculated for different types of households and consumption profile 

for the case area was compiled from actual measured data. Ground source heat pump (GSHP) system including 

borehole was sized based on the calculated energy demands. Different size solar PV systems were modelled by 3D 

modelling program SketchUp and an add-on Skelion. Actual weather data from Sotkamo and Oulu was used and 

results for oversized, optimal and individual scenarios were evaluated to choose a suitable solar PV solution for the 

case. Common waste management system was sized to the area from actual measured waste amounts. Finally 

economical calculations were done for the main solutions of the thesis. 

 

The designed eco-district was proposed to be joint-stock property company with eight detached houses, two semi-

detached houses and common service building including about 40 residents. The GSHP systems for each house 

included pump with alternating condenser and 130 – 180 meters deep borehole. Solar PV system was sized to 

comprise of 236 solar PV panels, about 18 in each roof. The solar PV system electricity production exceeded 

consumption tremendously during summer and daytime. This excess electricity is meant to be used mainly in the 

common service building or secondarily it can be stored in electric car batteries, actual battery (LA or flow) storage 

for solar system or released to the grid for poor compensation. Shifting the consumption peak from evening to 

daytime as much as possible lessens the need for electricity storage. The common waste management system was 

profitable with and without composting. The price of the whole project was calculated to be about 300 000 euros per 

household. 

 

Additional Information 

 

 



  

TIIVISTELMÄ 

OPINNÄYTETYÖSTÄOulun yliopisto Teknillinen tiedekunta 
Koulutusohjelma (kandidaatintyö, diplomityö) Pääaineopintojen ala (lisensiaatintyö) 
Ympäristötekniikka  

Tekijä Työnohjaaja yliopistolla 
Puirava, Tiina Pongrácz, E., Professori, TkT 

Piippo, S., FT., DI 

 

Työn nimi 
Kestävien energia- ja jätehuoltoratkaisujen mitoitus ekokorttelissa: case Maijanlenkki 

Opintosuunta Työn laji Aika Sivumäärä 
Teollisuuden energia- ja 

ympäristötekniikka 

Diplomityö Toukokuu 2018 139 s., 1 liite 

Tiivistelmä 

Tämä diplomityö tehtiin osana RECENT-projektia, jonka tavoitteena on energiaomavaraisuuden lisääminen harvaan 

asutuilla alueilla tarjoamalla kestäviä ratkaisuja. Tämän työn tavoitteena on suunnitella Muhoksen kunnalle 

ekokortteli, jossa hyödynnetään kestäviä energiaratkaisuja ja muita ympristöystävällisiä ratkaisuja. Pääpaino oli 

tutustua kotitalouksien energiakulutuksiin, muodostaa niistä kulutusprofiili ja mitoittaa aurinkopaneelijärjestelmä 

alueelle mallintamalla. Diplomityön alussa tehtiin kyselytutkimus rakentajamessuilla, jolla selvennettiin ihmisten 

mielenkiintoa ekokorttelia ja kestäviä ratkaisuja kohtaan. 

 

Tämän työn teoreettinen osuus sisälsi olemassa olevien ekologisten asuinalueiden ja niiden pääpiirteiden 

selvittämistä, erilaisten kiinteistöyhtiömuotojen juridisuutta ja sopivuutta hankkeelle ja tyypillisten rakennuksiin 

liittyvien energia-asioiden läpikäyntiä. Ekologisilla asuinalueilla huomattiin tyypillisesti olevan alhainen energian 

kulutus, kestäviä energiaratkaisuja, kierrätystä, laadukkaita materiaaleja ja yhteisöllisyyttä. Huolellinen suunnittelu ja 

potentiaalisten riskien huomioiminen oli tärkeää. Neljä erilaista kiinteistöyhtiömuotoa käytiin läpi; asunto-

osakeyhtiö, kiinteistöosakeyhtiö, asumisoikeusyhtiö ja asunto-osuuskunta. Energia-asiat sisälsivät energian 

säästämistä, ekologisia elintapoja, energiatehokkaita kodinkoneita, lämmitysmuotoja, sähkön tuotantoa 

aurinkopaneeleilla, energian varastointia ja taloautomaatiota. 

 

Käytännön osuus aloitettiin valitsemalla projektille perusrakenteet. Asuinalue valittiin Päivänpaisteenmaan 

asemakaavasta yhteistyösä Muhoksen kunnan edustajien kanssa. Sopivaksi alueeksi valittiin Maijanlenkki-niminen 

tie, koska se oli sopivan muotoinen ja sopiva ympäristö. Tontit, talot ja yhteinen huoltorakennus suunniteltiin, jotta 

energiateknologiat saatiin mitoitettua seuraavassa vaiheessa. Yhteisölliset, teknilliset ja pohjoiseen sijaintiin liittyvät 

näkökulmat otettiin huomioon. Kyselyssä ihmisten suosimat ylimääräiset ratkaisut – yhteinen jätehuoltojärjestelmä, 

kompostointi ja sähköauton latauspiste -  otettiin mukaan tähän työhön. Tilojen lämmityksen, veden lämmityksen ja 

sähkön tarve laskettiin erilaisille talouksille ja oikeasta mitatusta datasta muodostettiin kulutusprofiili alueelle. 

Maalämpöjärjestelmä porakaivoratkaisulla mitoitettiin laskettuihin energiakulutuksiin perustuen. Erikokoisia 

aurinkopaneelisysteemejä mallinnettiin 3D-mallinnusohjelmalla SketchUp ja siihen asennettavalla lisäosalla Skelion. 

Mallinnuksessa käytettiin oikeaa Sotkamossa ja Oulussa mitattua säädataa. Mallinnuksen tulokset ylimitoitetulle, 

optimaaliselle ja yksilölliselle skenaariolle arvioitiin, jotta sopiva aurinkopaneelijärjestelmä saatiin valittua alueelle. 

Yhteinen jätehuoltojärjestelmä mitoitettiin alueelle oikeisiin mitattuihin jätemääriin perustuen. Viimeisenä työn 

pääalueille tehtiin talouslaskelmat. 

 

Suunnitellulle ekokorttelille ehdotettiin ratkaisuksi kahdeksan omakotitalon, kahden paritalon ja yhteisen 

huoltorakennuksen kiinteistöosakeyhtiötä, jossa asuisi noin 40 asukasta. Jokaisen rakennuksen maalämpöjärjestelmä 

sisälsi vaihtuvalauhdutteisen lämpöpumpun ja 130 – 180 metriä syvän porakaivon. Mitoitettu 

aurinkopaneelijärjestelmä sisälsi 236 paneelia, noin 18 paneelia per katto. Aurinkopaneelijärjestelmän sähköntuotanto 

ylitti reilusti kulutuksen kesällä ja päiväsaikaan. Ylituotettu sähkö on tarkoitus hyödyntää pääasiassa yhteisessä 

huoltorakennuksessa tai toissijaisesti sitä voidaan varastoida sähköautojen akkuihin, oikeaan 

aurinkosähköjärjestelmille suunniteltuun akkuvarastoon tai se voidaan myydä valtakunnalliseen sähköverkkoon 

alhaisella hinnalla. Kulutuspiikin siirtäminen ilta-ajasta päiväsaikaan niin paljon kuin mahdollista vähentää sähkön 

varastoinnin tarvetta. Yhteinen jätehuoltojärjestelmä oli taloudellinen sekä kompostoinnin kanssa että ilman. Koko 

projektin hinnaksi tuli noin 300 000 euroa per talous. 
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1 INTRODUCTION 

The diminishing reserves of fossil energy sources have generated a need for alternative 

energy solutions. The greenhouse gas emissions caused by the usage of fossil energy 

sources has led to international agreements and goals for reducing them. European 

Union (EU) and Finland are committed to these reduction measures. Finland has its own 

national targets for reducing emissions in construction, heating of the buildings, 

housing, transport and waste management by the year 2020 (TEM 2013). Newest targets 

of Finland are increasing the share of renewable energy, increasing self-sufficiency and 

increasing the share of renewable fuels by the year 2030 (TEM 2017).  

A sustainable community has the benefits of resilience, balance, decentralization and 

cooperation. Rural communities can face challenges due to dependency on too few 

resources. Self-sufficient and sustainable resources utilizing community has resilience 

in case of a shock event such as power outage. Lower levels of consumption, divesting 

from corporations and pursuing self-sufficiency by renewable energy, growing food and 

conserving water improve community’s balance. Balance can be improved also by 

governance level incentives such as feed-in tariffs, rainwater harvesting or urban 

farming. Resilience and balance can be reinforced by decentralization and therefore 

adaptation to dynamic environments. Decentralization also reduces energy costs and 

increases local awareness of energy use and energy’s origin. Sustainable community 

shares values that enable these kinds of solutions. Cooperation in sustainable 

community involves interdisciplinary education to generate innovative projects and 

recognizes cultural, technical and political factors. Community education and projects 

should utilize and emphasize the resources and characteristics of that particular location. 

(Dale & Onyx 2005, Madiraju 2014) 

This thesis is made as a part of RECENT project; Renewable Community 

Empowerment in Northern Territories. RECENT is a part of NPA (Nordic Periphery 

and Arctic Programme) funded by the EU. The aim of the RECENT project is to 

increase the energy knowledge of the rural communities so that they are capable of 

handling climate change related risks and reaching sustainable and energy efficient 

infrastructure. Project communities are supported to become more self-sufficient and be 

able to stay that way even after the project. The RECENT project is carried through as 
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24 pilots in five NPA countries; Ireland, North-Ireland, Scotland, Sweden and Finland 

between 2015 and 2018. The NPA project has a total of nine countries with similar 

challenges, including five RECENT countries (figure 1). (NPA 2018, RECENT 2017)  

 

Figure 1.  NPA programme areas in partner countries. (NPA 2018) 

 

In the previous pilot plan made by Niemelä (2016) energy solutions for ten same size 

houses were studied in the town plan area of Päivänpaisteenmaa, Muhos. The ground 

source heat pump (GSHP) system was found to be a feasible heating solution but solar 

photovoltaic (PV) system had a payback time of 16 years. The solutions were calculated 

to gain a 709,1 tons of CO2 savings during 30 years. The realization of the pilot was 

questionable because of the town plan related matters. (Niemelä 2016) 

The objective of this thesis is to develop and plan an eco-district from the start for the 

area of Päivänpaisteenmaa that could be actually implemented despite of the northern 

conditions. Issues relating to the functionality of residential area and its realization and 
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planning in all stages will be focused on. GSHP system will still be a part of eco-district 

energy systems and will be done as a borehole solution to avoid problems with the 

water and sewer network which was an issue with the horizontal ground source heating 

system in Niemelä’s (2016) thesis. The feasibility of the solar photovoltaic system will 

be studied by a multiple scenario modelling for a heterogenic residential area from an 

actual real life and local data. The objective is to clear out possibilities to utilize more of 

the self-produced energy and reach for a shorter payback time with a very careful 

sizing, energy storage and smart control systems. Real life electricity data is studied and 

compiled to form a consumption profile which helps to evaluate a feasible size for the 

solar photovoltaic system and the need for measures to shift consumption to a different 

time of the day. 

The case area requirements were suitable ground conditions for GSHP, favorable 

surroundings for solar electricity production and a circular or centralized plot structure. 

A proper location for the case was found from the town plan in cooperation with the 

Muhos municipality’s land surveying technician Eero Airaksinen; the road 

Maijanlenkki which will be the name of this case. During this thesis also the opinions of 

the local and possible future residents are examined by survey. The results from the 

survey are reviewed and additional solutions are implemented to take people’s wishes 

into consideration. Planning originating from people and potential residents hopefully 

improves the success of the project in the future. The questionnaire led to an 

examination of different communal solutions; common waste management system, 

composter, recharge point for electric cars and common land for farming. These 

communal solutions require resources, space and commitment from the residents. To 

promote the success of these solutions a possibility of a common service building is 

closely examined since the communal solutions could be centralized there to be 

reachable for all residents of the case area. This would enable improvement in 

communality, economic savings and flexibility.  

Electric and hybrid cars can be utilized with solar and energy storage systems which 

could be centralized in the common service building. The number of hybrid cars has 

increased from 128 to 7 418 between 2012 and 2018 (Trafi 2018a). The number of 

electric cars now is more than tenfold compared to the amount in 2010. The number of 

electric cars in 31.3.2018 was 1 658 (Trafi 2018b). The amount of electric cars is 
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increasing yearly so the planning of a recharge point is reasonable and will be made as a 

part of this thesis. Electric cars can be used as energy storage in addition to the possible 

battery storage and offer balance for the solar PV system. Common waste management 

system, composter and urban farming are dependent on each other so they are 

considered carefully. Waste management system will be sized from actual and local 

data. Bio-waste collection and composting are compared and the utilization possibilities 

for the compost product are examined. Economics for the most important aspects of the 

case are calculated and finally, a justified solution of the eco-district will be proposed. 
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THEORETICAL PART 
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2 ECOLOGICAL SETTLEMENT 

There has not always been a clear definition for ecological settlements which are mostly 

referenced as ecovillages. Instead, there have been multiple descriptions about 

characteristics of an ecovillage. The most thorough research about ecovillages in 

Finland is licentiate thesis of Siipola (2000). Siipola divides ecological villages to estate 

villages in countryside, eco-districts in urban areas and different types of ecovillages 

between these. Ecovillages can be divided into first, second and third generation 

ecovillages. First generation ecovillage is interested mainly in the houses’ functions 

such as energy and materials. Second generation ecovillage takes surrounding 

environment into consideration for example by recycling nutrients. Third generation 

ecovillage causes positive effects into surrounding ecosystem. (Siipola 2000) 

Ecovillage is a group of detached or row houses. Ecovillage projects are usually 

initiated by a group of residents which also defines its ecological principles. The 

residents can have ecological and social goals such as conserving resources, increasing 

self-sufficiency, lessen negative effects to the environment etc. The following 

characteristics are common in ecovillages (Siipola 2000): 

 Low energy consumption 

 Renewable resources 

 Recycling of the waste 

 Durable and healthy materials 

 Communality in common space and plot use.  

Ecological settlements, including ecovillages, real estate villages and eco-districts, 

which are located in Finland and fulfill most or all of these characteristics, are listed in 

the next chapter. 
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2.1 Existing ecological settlements in Finland 

There are few dozens of ecovillages or eco-districts in Finland. Most of them can be 

defined to be something between estate village and eco-district, e.g.; 

 Kangasala Yhteiskylä (joint village) (Palttala & Erat 2009, Siipola 2000),  

 Singsby ecovillage (Palttala & Erat 2009, Siipola 2000),  

 Bromarv ecovillage (Palttala & Erat 2009) and  

 Linnanniittu ecovillage in Vihti (Sahi & Leskinen 2005).  

There are few ecological villages that can be defined as estate villages since they are 

built round a farm building;  

 Kurki farm community village (Kurjen tila 2017),  

 Keuruu ecovillage (Keuruun ekokylä 2017, Palttala & Erat 2009),  

 Livonsaari community village in Naantali (Livonsaaren yhteisökylä 2017, 

Palttala & Erat 2009), 

 Kivisalo community village close Kuopio (Kivisalojärjestelmä 2017, Palttala & 

Erat 2009) and 

 Gaija organic village (Gaijan Luomukylä 2017). 

There is also an eco-district of 2000 residents in Helsinki called Eko-Viikki (Helsinki 

City Secretariat Office 2017). Energy co-operative utilizing renewable energy 

technologies supplied by Fortel Components Ltd (nowadays Volter Ltd) was built in 

Kempele in 2009. (Motiva 2010, Energiakokeilut 2017) The distribution of these 

ecovillages, real estate villages and eco-districts in Finland can be seen in figure 2, 

including Ekokello (Siipola 2000) examined in chapter 3.1.3. The location where the 

case Maijanlenkki of this thesis would be is also marked in the figure 2.  
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Figure 2.  Distribution of the ecological settlements in Finland. Includes only the ones 

referenced in this thesis. (Maanmittauslaitos 2018) 

 

As can be seen most of the ecovillages are located in southern parts of Finland. Eco-

district Maijanlenkki would be one of its kind in northern Finland. In the next chapter 

different phases of the ecovillage project planning are reviewed. 

2.2 Importance of the planning stage in ecovillage projects 

Challenging projects such as ecovillages require a careful planning from municipalities 

because of the possibly different kind of solutions in water, energy or waste 

management issues. The participation of the future residents is crucial since they have to 

commit to the project and should have possibility to affect the solutions chosen. This 

means that the municipality has to market the project accordingly and canvass the needs 

of the future residents. The most important principles in planning are openness of the 

information, possibility to bring forward own ideas and arranged discussions with the 

project planners and other parties. (Sahi & Leskinen 2005)  
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There are multiple important issues to be considered before, during and after the 

ecovillage project. The flexibility of the starting of the project depends whether it is 

municipality-led or community-led. Municipality-led project starts with municipal 

decisions and land use planning. Plots are known but residents need to be acquired by 

marketing. Community-led project starts in reverse; group of residents need to find a 

willing municipality and plots for their project. After both municipality and community 

are involved, a detailed planning of the common areas needs to be done; common 

building, urban farming, parking, technical spaces etc. Also technical solutions for 

heating, water and waste water management and waste management are chosen. Finally, 

communal matters and their management needs to be agreed on, including ecovillage 

rules, criterion for choosing the residents (if all plots are not reserved), management and 

use of the common spaces, participation or representation of the different kind of 

resident and distribution of work between the community, municipality and service 

providers. (Sahi & Leskinen 2005) 

Guidelines, requirements or planning criterions can be defined for the ecovillage and 

residents can be obliged to sign a contract about committing to them. In Eko-Viikki 

there are requirements for versatile apartments, communal spaces of the buildings, 

indoor climate and consumption of energy, water and electricity and their greenhouse 

gas (GHG) emissions and lifetime costs of the buildings (Helsinki City Planning Office 

2005). In the Kangasala Yhteiskylä all residents have signed a joining agreement that 

clarifies the rights and obligations. The agreement obliges the resident to follow 

ecological and esthetical guidelines. (Siipola 2000) 

The ecological balances of four Finnish settlements (Ekolehtilä, Pellesmäki, Ekojokela 

and Ekola) were calculated in the review by Harmaajärvi & Lyytikkä (1999). It was 

discovered that the four settlements, even though meant to be ecological, were not very 

ecological. The main reasons for that were transportation and electricity consumption. 

The results were good in the areas that were taken into careful consideration. The details 

causing the negative effects were not considered enough or at all in the planning stage. 

For instance, forgetting the air flue required by a wood-heated sauna stove from the 

floor design led to the electrical sauna stove. (Harmaajärvi & Lyytikkä 1999) 
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In the Ecological New Villages in West-Uusimaa project, an experience from the 

participants was that the land use planning and technological solutions of the eco-

district comprise a lot of hardly understandable information and inconsistent objectives. 

The objectives of the project should be defined popularly. Information about what an 

eco-builder needs to know about legislation, such as acts or decrees when planning a 

house is important. (Sahi & Leskinen 2005) 

Short distances, local economy and the possibility to work from home should be 

properties of the ecovillage to reduce the need for transportation. This can be achieved 

by locating settlements near existing infrastructure and connections while having a 

possibility to live near nature. Careful planning of the buildings with enough time is 

essential when realizing new innovations since they are usual in ecovillages. 

(Harmaajärvi & Lyytikkä 1999) 

Based on the references and findings in this chapter, the project planning steps for a 

successful ecovillage project can be compiled and summarized to be: 

1. Municipal decision making and land use planning 

2. Finding the plots for the resident group or finding the residents for certain plots 

3. Sharing and selling of the plots 

4. Binding agreement about the ecological requirements and other criterions 

5. Main functions and areas planned in detail 

6. Common technical solutions planned in detail 

7. House planning and consideration of new innovations 

8. Agreeing how the communal matters are organized 

In addition to the essential project planning stages, the whole process gives the residents 

a chance to get to know each other. There are also many-sided public and private 

juridical issues related to plot conveyance and real estate company form in ecovillages. 

Since the project can be quite complex, an external consultant can be recommended to 

be used to avoid conflicts between residents and municipality.  To advance through the 

above mentioned steps a wide cooperation network including municipality operators, 

professionals and residents is required (figure 3). (Sahi & Leskinen 2005) 
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Figure 3.  Planning and cooperation network of the ecological living. Modified from 

Sahi & Leskinen (2005) to represent case Maijanlenkki in the Muhos municipality. 

 

Including companies that offer proper materials and equipment to the construction is 

sensible. Timing and pacing of the project properly is important due to long decision-

making times so that the interest of the different parties keeps up. A third party, such as 

consult, is beneficial to use since it eases up the timing, organizes gatherings, 

documents the project and is an objective professional between municipality and 

resident group. (Sahi & Leskinen 2005)  

In the research of Palttala & Erat (2009) the importance of the professional in the 

planning stage is also raised because then the aims set would be easier to reach. Many 

ecovillage projects never reach the realization phase because of the weakness of the 

organization, unrealistic plans and mismatch of the supply and demand. Ecological 

living, common ownership and responsibilities also arouse prejudices in Finland. 

(Palttala & Erat 2009) 
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2.3 Possible challenges of the ecological settlements 

Challenges that have risen during the Kangasala Yhteiskylä project are related to the 

economical capacity and attitudinal differences. This has affected mostly to the 

constructing of the communal sauna as it was delayed. Still, despite of the differences 

and setbacks, common goals and working together have given more to the residents than 

the adversities. (Palttala & Erat 2009) 

Decision making in the Kangasala Yhteiskylä is made by majority but in practice all 

opinions are tried to be involved in the outcome. Governance decisions are made in 

accordance with the Limited Liability Companies Act. Communal responsibilities and 

maintaining of the communal spaces are made through caretaker shifts and work parties 

(bees) kept multiple times a year. Tasks are defined together and there are also people in 

charge for waste collection point, consumption charging, running the work parties 

(bees) and informing. (Palttala & Erat 2009) 

Since communality and common spaces are important in ecological settlements it is 

essential to make these things work. Planning is a tool to achieve the desired structure of 

the area and its buildings and technical solutions. The next, and the longest, step in the 

area’s lifecycle is the living of the residents in there. In addition to the ideological 

principles and living habits the residents have to govern the area equally. A flexible and 

functional juridical structure is required for this big area with common property. 

Therefore a suitable real estate company form is examined in the next chapter and the 

most proper one for case Maijanlenkki is recommended.  
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3 REAL ESTATE COMPANY IN COMMUNITY 

A real estate company is required to govern the common areas of the eco-district 

equally between residents. In this chapter a few options are reviewed by a legal and 

flexibility points of view after which a suitable real estate company form for the case 

Maijanlenkki is chosen. Finally issues related to a housing management of the common 

areas are examined. 

3.1 Options for the real estate company 

Different real estate company options are presented in this chapter. Housing company is 

the most common form in Finland. Also joint-stock property company is a possible 

form for a group of detached houses. In addition, right of residence organization and co-

operative housing association are examined. 

3.1.1 Housing company 

Housing company (in Finnish asunto-osakeyhtiö) owns and governs at least one 

building or a part of it and over a half of the space is directed to be a dwelling unit 

managed by shareholders in the articles of association. Limited Liability Housing 

Companies Act of Finnish legislation is applied to the housing companies. Housing 

company takes care of the buildings it governs. Other activities related to the buildings 

can be ordered in the articles of association. Shareholders pay maintenance charge to the 

housing company. The shareholders use their power of decision in the shareholders’ 

meeting. (Finlex 2017a) 

In housing company the residents don’t own their dwelling but govern it. Housing 

company has a right to take possession of the dwelling in case of misconduct. All 

remodeling outside the dwelling (external walls or garden) has to be accepted by the 

housing company as well as renovating affecting to water pipes or electrical lines etc. 

Housing company has no external income in addition to the maintenance charge so all 

the expenses are covered by it. (Taloyhtiö 2017) 
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The ecovillage of Bromarv is governed as housing company. The ecovillage consists of 

two semi-detached houses, four two-storied apartment blocks, village house and a 

building with heating center. The apartments were constructed by a local association 

named “Bromarv Martta association” that also funded the project. The housing 

company rents and sells the apartments and is responsible for property maintenance and 

upkeep. The housing company has hired a local farmer to handle maintenance tasks. 

(Palttala & Erat 2009) 

3.1.2 Joint-stock property company 

Joint-stock property company (in Finnish keskinäinen kiinteistöosakeyhtiö) is the type 

of real estate company that is determined to own and govern at least one building or a 

part of it in articles of association. Every stock yields/generates a right to govern a part 

of the company’s building. Whether a Limited Liability Housing Companies Act or 

Limited Liability Companies Act is applied is determined in the articles of association. 

Both acts can be applied for certain, separate parts but it has to be specified in the 

articles of association. (Finlex 2017a) 

If the joint-stock property company decides to apply the Limited Liability Companies 

Act, beneficial provisions from the Limited Liability Housing Companies Act according 

to Furuhjelm et al. (2011) are: 

 shareholder’s obligation to pay maintenance charge 

 expenses covered by maintenance charge 

 maintenance liability distribution 

 shareholder’s maintenance and modification work 

 conduct to take possession of the dwelling unit. 

For example, one square meter of the property can be one share of stock. (Furuhjelm et 

al. 2011) Common service building’s share of stocks can be divided based on the 

proportional area each household owns or divided equally between households. This 

will be agreed in the articles of association.  

In the Limited Liability Companies Act it is stated that the meaning of the company is 

to generate profit to its shareholders unless said otherwise in the articles of association. 
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(Finlex 2017b) If the shareholders of the community want to rent the common building 

for profit, they have to pay taxes as the profit is defined as capital income. If the 

property company is Finnish, unlisted company, the distributed dividend is tax free. 

Still, the maintenance charge and rental income of the property company is taxable 

income. (Suulamo 2016) 

The Kangasala Yhteiskylä eco-village is governed as joint-stock property company. 

Everyone owns their own detached house but the village infrastructure is common and 

governed through the property company. (Palttala & Erat 2009) The Kangasala 

Yhteiskylä first started as a housing company but there were much of economical and 

juridical issues such as dividing collaterals equally. The Kangasala Yhteiskylä rents the 

land from the municipality of Kangasala and owns and governs the common structures 

in there. The company rents the building sites for the residents. (Siipola 2000) The 

Kangasala Yhteiskylä joint-stock property company gathers a maintenance charge from 

residents that includes maintenance and electricity bills of common buildings, areas and 

equipment, administration and insurance payments, the cost of recreational activities 

and money for the renovation and development of the common buildings. (Palttala & 

Erat 2009) 

3.1.3 Right of occupancy organization 

Right-Of-Occupancy Housing Act (650/1990) states that right of occupancy means “a 

right of possession conferred on a private person for a residential apartment and 

possibly other premises in a building”. The right of occupancy building’s construction 

is funded by a loan granted by the Housing Production Act and financed under the Act 

on State-Subsidised Housing Loans (ARAVA loans). (Finlex 2017e) In the right of 

occupancy organization (in Finnish asumisoikeusyhdistys) the resident pays a right of 

occupancy fee for the apartment that is a certain amount of the original prize. The 

resident pays also a monthly maintenance charge. Right of occupation apartment can’t 

be purchased to be one’s own. (Environmental Administration 2017) 

There is a neighborhood called Ekokello in Haukipudas near Oulu that is a right of 

occupancy governed group of buildings. The original aim of Ekokello was to be built as 

26-apartment settlement with versatile ecological solutions. In 1990s the right of 

occupancy organization VVO (originally National Rented Apartment Co-operative, 
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nowadays as Ltd) constructed Ekokello as a contract construction which means that the 

buildings were done according to normal drawings and specifications in a certain course 

of time. This kind of construction does not allow the building to be semi-finished, 

delayed or defective. Because of the construction form and a certain budget, there was 

no possibility to save money for more expensive ecological solutions and finish the 

buildings in future years. These economic issues caused only 12 apartments to be built 

and renouncing of multiple ecological solutions, such as compost latrines, that were 

originally planned. Also the common sauna construction was renounced and individual 

ones built in the apartments to improve the selling. (Siipola 2000) 

3.1.4 Co-operative housing association 

Co-operative is a juristic person separate from the members and shall be notified for 

registration. The meaning of co-operative is to practice economic activity to support the 

economy and livelihood of the members. The members use the services offered by the 

co-operative. Every member is equal in co-operative and decisions are made in the co-

operatives meeting. (Finlex 2017f)  

The ecovillage in Singsby is governed as co-operative housing association (in Finnish 

asunto-osuuskunta). The ecovillage consists of six detached houses and common 

building with sauna and heating center. Co-operative housing association was chosen so 

that everyone has an equal amount of authority in decision making that is not dependent 

on the amount of property owned. The co-operative housing association owns and 

governs the land and buildings and shares building spots from the rented planning zone. 

Building permits are applied by the co-operative housing association. Residents pay a 

participation share that gives the right to use property and services of the co-operative 

housing association (for example tools). (Siipola 2000) 

3.2 Suitable real estate company for eco-district Maijanlenkki 

From these four real estate company forms it does not seem realistic that a right of 

occupancy organization would fit for an eco-district of multiple detached houses. Since 

ecological building projects require time and commitment from the residents, the 

construction contract made by organization could cause same kinds of negative effects 
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than in Ekokello’s case. Alternatively it would be kind of risky for the right of 

occupation organization to commit in a long construction project where residents are the 

main deciding force and the ARAVA loan conditions could cause additional obstacles. 

Co-operative housing association would require a close group of residents and a lot of 

trust between them. It is a very equal option in a sense, but the residents form a co-

operative that governs the land and buildings which means that in the end the co-

operative can make decisions affecting the disagreeing individuals. The functionality of 

co-operative housing association depends on the communality of the resident group and 

is therefore a challenging option to be recommended for this case. Based on literature, a 

co-operative seems to be more suitable and common in the real estate villages and close 

communities. 

In a housing company the houses would not be residents’ own and the company would 

have a certain amount of control over them and it would also own all the buildings. 

Housing company would also limit its shareholder’s possibility to remodel outside the 

building and making certain renovations without company’s permission. Since it is 

stated by law that over a half of the building space of the housing company has to be 

dwelling units, it is not possible to found a housing company governing only the 

common service building. Housing company would have to be founded for all the 

buildings in the district.  

Based on the literature a joint-stock property company gives more flexibility for 

detached house residents. Joint-stock property company can be founded only to govern 

the common building while the houses would be owned by the residents. Stocks of the 

common building can be divided fairly by agreement in the shareholders meeting and 

articles of association. The housing company’s assets i.e. the maintenance charges 

would be used in case of a misconduct which unfairly would affect other shareholders 

and basically use funds paid by them. It is not probable that any resident wanting to live 

in an own detached house would like to have such risk of being responsible, although 

indirectly, of other resident’s house. In addition, the possibility to generate profit in 

joint-stock property company would be appealing. Also, it is possible to get tax credit 

for domestic expenses for your own household, but not for the house owned by a 

housing company (Svensk 2010). 
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In the case of eco-district, a housing company and joint-stock property company seems 

to be the most suitable ones depending on a house structure. The main differences 

between housing company and joint-stock property company are presented in table 1. 

Table 1. Comparison of two real estate companies. 

Housing company Joint-stock property company 

 The dwellings cannot be owned, only 

governed, by the residents 

 Maintenance charge paid to cover 

care of all the buildings in the 

company 

 Limited Liability Housing Companies 

act must be applied 

 Maintenance charge is the only 

income 

 Easier to carry out right from the start 

by consultant or builder without 

certainty of the future residents 

 Consultant or builder hires a 

constructor which becomes more 

expensive 

 No possibility for tax credit for 

domestic expenses 

 The dwellings can be owned by the 

residents 

 Maintenance charge paid to cover 

only the care of the common service 

building 

 The company can choose which 

legislation it applies 

 Possibility for external income by 

renting the common building 

 Tax free dividend to residents 

 Maintenance charge and rent is 

taxable income for the company 

 Easier to carry out right from the start 

if the future residents already known 

 Enables group construction which 

becomes cheaper 

 Possibility for tax credit for domestic 

expenses 

 

Housing company seems to be more applicable option for the municipality-led project 

because of the predetermined conditions. This makes it also less economically risky but 

also less flexible for individual and ecological solutions. Joint-stock property company 

is better for the community-led project because of the possibility to apply individual and 

new solutions for each house. It is also a very potential opportunity for residents to save 

money by a group construction. It enables more time to be used and there is a possibility 

to gather recycled materials or buy materials on sale, for example. 
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3.3 Housing management 

The common building in the eco-district needs caretaking. The solar technology, such as 

the inverter and battery technology, and the electric car charging stations require a 

regular maintenance. Also the building itself requires upkeep such as cleaning services, 

temperature control and other technical upkeep. This is possible to handle by the 

residents of the eco-district themselves or they can hire a house manager from housing 

management company.  

The chairman of the housing cooperative board can work as a house manager if it is 

ordered in the articles of association. (Furuhjelm et al. 2011) Housing management is 

paid as fixed monthly fees for the housing manager or the company selling the housing 

management service excluding the duties charged separately. Contract about housing 

management is for a fixed time and it includes certain errands and services agreed 

beforehand. Administrative errands are handling the chairman’s duties in the real estate 

company, arranging the housing cooperative board meetings, managing the accounting 

and economy as required by law and writing a house manager’s certificate when 

needed. Other services are communication and informing such as web pages and 

bulletins, project management in repairs or constructing, registration matters, ordering 

the services such as property maintenance and cleaning and organizing the waste 

management. Services not agreed beforehand in the contract are charged separately. 

(Männikkö 2012, Suomen Kiinteistöliitto ry 2017) 

The acts of the housing manager affects directly to the economics and living comfort of 

the shareholders which requires the housing manager to be familiar with economical, 

technical and social issues. (Männikkö 2012) To make the housing management more 

ecological the housing manager needs to observe the energy consumption and waste 

management issues and be familiar with regulations. The housing manager needs to 

keep the residents updated and take measures if needed to promote ecology in the real 

estate. (Kurtelius 2001) 
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4 ENERGY ISSUES IN BUILDINGS 

The total energy consumption in Finland in year 2016 was 1 335 PJ (petajoules) which 

is 371 TWh (terawatt hours). The amount of end use energy was about 1 090 PJ and the 

share of the heating energy of the buildings was about 283 PJ which is 79 TWh and 26 

percent. The total electricity consumption in year 2016 was 85,1 TWh from which 

households and agriculture consumed 23 TWh and 27 percent. (OSF 2017a) 

EU’s climate policy is steered by Climate and Energy Package which aims to 

(Borgström & Koivurova 2016) 

1. reduce GHG emissions by 20 percent,  

2. increase share of renewable energy by 20 percent and  

3. increase energy efficiency by 20 percent.  

EU’s new 2030 Framework for Climate and Energy aims to (Borgström & Koivurova 

2016) 

1. cut GHG emissions 40 percent compared to 1990’s levels,  

2. have a minimum of 27 percent share of renewable energy consumption and  

3. achieve 30 percent increase in energy efficiency.  

Finland’s national targets for 2020 are to (Borgström & Koivurova 2016) 

1. reduce emissions 16 percent in construction, heating of the buildings, housing, 

transport and waste management and  

2. increase the use of renewable energy to 38 percent of the final energy 

consumption, which was exceeded in 2014 (OSF 2016b).  

Statistics of the energy consumption in Finland in years 2013, 2014 and 2015 are 

reviewed in table 2.  
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Table 2. Energy consumption in households from years 2013, 2014 and 2015. (OSF 

2014, OSF 2015, OSF 2016a) 

 2013 2014 2015 

Heating [TWh] 42,3 42,2 40,6 

Electrical heating [TWh] 13,1 13,3 12,9 

Electricity for household [TWh] 8,4 8,1 7,9 

Energy [TWh] 63,8 63,6 61,5 

 

The share of households from the end use energy is 20 percent on average. Household 

appliances including food preparation, lighting and other electrical devices consumed 

energy 7,9 TWh in year 2015 which is about 13 percent of households’ energy 

consumption. (OSF 2016a) 

From 2021 new buildings has to be near zero energy buildings (nZEB). To achieve this, 

preparing to local renewable energy production is needed. (Tekes 2012) Renewable 

power generation on site is the foundation for a sustainable community and the key of 

becoming energy independent. Generating power on site is also energy efficient since 

the loss in efficiency is one third when transmitting the power over long distances. 

(Clark & Cooke 2014) Figure 4 represents the energy saving measures in a building 

(Pongrácz 2017). 

 

Figure 4.  Building energy saving pyramid. Modified from Pongrácz (2017). 
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In addition to local renewable energy sources, lowering the energy consumption through 

energy efficiency and consumer habits is important. Certain solutions, such as LED 

lighting and energy efficient appliances, can lower the energy consumption even more. 

It is profitable to use all the produced energy on site rather than release it to the grid. To 

achieve this, energy storage equipment is required and peak shifting through smart 

control can be applied to utilize stored energy.  These energy saving measures are 

examined in this chapter. 

4.1 Energy saving and ecological living habits 

Living habits that conserve resources and nature can be realized in everyday life. It is a 

common sense to turn off lights when leaving the room, shut down the appliances when 

finished using them and adjusting temperature in building to be sufficient. These energy 

saving deeds can usually be seen as a smaller energy bill. Energy and materials can be 

conserved further by more habits but it requires the willingness from the people to give 

up certain things, such as having your own device for everything. Having a common 

tools, devices and machines for e.g. repairing and gardening between multiple families 

saves resources and money. Also the circulation of materials in the area in a form of 

borrowing and recycling can lead to less waste and savings in a waste disposal bill. For 

example, one family can give clothes their children outgrew to the family with younger 

children. 

Traveling to and from work, school or other places would be ecological to do by 

walking, by cycling or by a bus. Cooperation between residents and families in the area 

gives other possibilities to avoid emissions in transportation. Carpool can be used for 

distances between work, school or daycare and also grocery shopping so that everyone 

does not need to drive everywhere with their own car. If areal communality is high it 

would be advantageous to form a food circle and order batches of food from a local 

farm. When taking the self-sufficiency even further urban farming in the area can be 

considered. Working from home is easier nowadays due to the better connection 

possibilities enabled by Internet. It lessens the need to drive to the workplace every day 

and gives flexibility to the daily routine. Planning of the proper work spaces in house’s 

layout is therefore recommended. 
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Water conservation is a part of ecological living habits. It is possible to limit the water 

consumption of the household in multiple ways. The simplest deed is naturally a 

conservative use of service water during shower, dishwashing or toilet usage by cutting 

the water flow from the tap during washing. There is also equipment which can be 

implemented to the taps to achieve water saving, such as sensors or low flow nozzles. 

Rain water can be collected to be used in the garden instead of service water. Grey 

water reuse (e.g. using grey water from shower for flushing the toilet) might be more 

common in the future, but it requires a tank for the water and therefore more space. Also 

the impurities in the water and their accumulation in pipes and equipment have to be 

considered and cause additional maintenance. In many ecovillages, such as Kangasala 

Yhteiskylä, Singsby ecovillage and Bromarv ecovillage, a compost latrine and urine 

collection solutions are implemented with the aim to treat the waste water on site. This 

kind of solution requires a certain kind of toilet structure and land area for the waste 

water treatment. (Kuismanen & Kosola 2007, Palttala & Erat 2009, Siipola 2000) 

4.2 Energy efficiency of the building 

One aim in the Energy and Climate Strategy of the Finnish Ministry of Economic 

Affairs and Employment (2017) is to promote wood-based and energy efficient building 

materials. Concrete has 57 percent more energy bound to it, produces 81 percent more 

GHG emissions and consumes 81 percent more natural resources compared to wood 

(Knight 2011). The National Building Code of Finland (D3) requires new residential 

buildings to have an energy efficiency of certain level. This level is also referenced as 

E-value of the building which means the building’s energy consumption per one square 

meter in a year (kWh/m
2
/a). Many of the building’s properties, such as insulation level, 

heating system, on site electricity production and efficiency of the ventilation, affect the 

E-value. (Ministry of Environment 2012a) 

Wood is local, renewable and can be used as an energy source and a construction 

material. Positive properties of the wood as a construction material are the quality of the 

air, ability to absorb and evaporate humidity and its soundproofing qualities. Wood is a 

durable material in facades since the infiltration of moisture to the wood is slow. Wood 

is also sustainable since its lifetime can be easily extended by good maintenance and it 

is easy to repair and replace. Wooden house works as a CO2 storage for its lifetime and 
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can bind as much as 30 tons of CO2. Over 90 percent of the emissions of construction 

material production are caused by cement and steel so replacing them with wood can 

produce significant CO2 savings. Afterwards the used wood can be recycled or utilized 

as energy. (Puuinfo 2017) 

Healthy house has sufficient ventilation. Mechanical ventilation causes more noise, can 

cause draftiness and it requires equipment and its maintenance and replacement. 

Ventilation equipment for mechanical ventilation also increases the electricity 

consumption of the building. (Kuismanen & Kosola 2007) Since wood is a moisture 

buffering material, it lessens the need for mechanical ventilation. Still, natural 

ventilation might not be enough in better insulated buildings and require at least extract 

ventilation system. (Puuinfo 2017) 

Another way to affect the house’s energy efficiency is to implement certain architectural 

solutions into it or its immediate surroundings. Houses can have a terrace as a buffer 

zone in winter and as an additional living space in summer. Houses should be planned 

so that the utilization of passive solar energy is possible. (Kuismanen & Kosola 2007) 

Shading structures can be implemented on top of windows to prevent solar radiation to 

heat indoors too much in summer but still allowing solar radiation from lower angle in 

winter time (Pesola et al. 2013). Appropriately positioned broadleaf trees in front of 

windows also work as a shading structure in summer and enable solar radiation to heat 

indoors in winter when there are no leafs in them (Roseland 2012). 

4.3 Energy efficient appliances 

Household appliances, such as dishwasher, washing machine and refrigerator, consume 

about 13 percent of household’s energy. (OSF 2016a) Also the place of the refrigeration 

devices in the house affects the energy consumption since they consume more in high 

temperature. Refrigerating devices should be placed apart from stove, radiators and 

dishwashing machine to save energy. (Kurtelius 2001) 

EU has an Eco-design Directive where certain energy consuming products have 

minimum requirements (specific or generic) related to energy efficiency, called eco-

design product requirements. The aim of eco-design is to reduce the negative 
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environmental impact during the lifecycle of the product.  The household appliances 

that belong under the eco-design requirements are cookers, dishwashers, freezers, 

refrigerators, tumble dryers, washing machines and vacuum cleaners. Other products 

that belong under the eco-design requirements in the household are e.g. lamps and their 

ballasts and luminaires, computers, consoles and televisions, air conditioners and power 

transformers. (Europa 2017a) Energy labels have been created as a part of Energy 

Labeling Directive to help choose energy efficient products (Europa 2017b). 

The appliances that are usually intergraded in every home include oven, stove, hood, 

refrigerator freezer, dishwasher and washing machine. The appliances with the best 

energy efficiency-quality ratio are aimed to be chosen. The construction contractor, 

consultant or group can order the same appliances for every house to get an amount 

discount. Energy labels can be taken into consideration when choosing the appliances. 

While it is good to use low-energy-and-water-consuming programs it is not realistic to 

assume that all households will always use them. This is why the consumer ratings or 

consumer test comparisons should be also looked at – not only whether the appliance is 

A+++ or A++ –rated or not. If the most reliable and durable appliances from an 

experienced and trustworthy brand with long life cycle are chosen it is an ecological but 

also economical deed. 

4.4 Heating technologies 

Heating is covered by a ground source heat pump (GSHP) and a fireplace fueled either 

by wood or pellet. Sizing of the GSHP system for the case Maijanlenkki is made in 

chapter 7.1. 

4.4.1 Ground source heat pump 

Ground heat is solar energy stored in the soil and water. When utilizing energy by 

drilling a borehole into the bedrock the utilized energy is partly from earth’s core in 

addition to the energy originated from the Sun. GSHP is used to transfer this energy into 

space and water heating by collection circuit implemented in the ground. The energy 

collected from the heat source depends on its thermal conductivity, groundwater 
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movement and sizing of the system. (Juvonen & Lapinlampi 2013, Lehtinen 2013, 

Motiva 2012b) 

The operation of the GSHP system is based on three closed circuits. A freeze-resistant 

heat exchanging fluid flows in the collection circuit, transfers the heat from the ground 

into the heat pump’s fluid cycle by an evaporator and continues back to the ground 

system to collect more heat. In the pump’s fluid cycle the compressor increases the 

pressure to rise the temperature of the fluid which transforms into gas phase. The heat 

from the gas phase is then transferred into the under floor or radiator heating system of 

the house by a condenser. After the heat is released the gas phase circulates through an 

expansion valve and transforms back into the liquid phase which circulates back to the 

evaporator. (Juvonen & Lapinlampi 2013, Lehtinen 2013, Motiva 2012b) 

There are three main types of GSHPs: 

 GSHP with heat accumulator and service water coil, also called GSHP with 

constant condenser, 

 GSHP with superheating circuit and 

 GSHP with alternating condenser. 

GSHP with constant condenser has a separate heat accumulator and it produces heat to 

the service water and heating system at the same time. To ensure the warm water supply 

the heat accumulator has to be kept warm at all times. This causes the GSHP with 

constant condenser to consume more electricity than the other GSHP types. GSHP with 

superheating circuit has two heat exchangers. Both service and heating water are pre-

heated at first to a certain temperature. The heating water circulates to the under floor 

cycle or radiators, when the service water is heated to its final temperature with the 

superheating circuit. Heat is easily produced excess amount either for the service water 

or the heating water. GSHP with alternating condenser produces heat either to the 

service water or the heating system when needed. It guarantees that warm water is 

available quickly so the accumulator can be small and thus, the equipment requires little 

space. The pump produces water with right temperature to the heating system because it 

is controlled by outside temperature. Because the pump produces low-temperature water 

in long periods the coefficient of performance (COP) improves, there is no excess 
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amount of heat that is lost and the electricity consumption is lower related to the 

produced heat than in other pump types. Pump with this kind of operation is good for 

the under floor heating system. (Lehtinen 2013, Motiva 2012b) 

In the National Building Code of Finland there are certain requirements which have to 

be met when sizing a GSHP system. Heating power of the heating system is required to 

be sized so that there is enough warm service water and its temperature is at least 55 °C. 

The heating system has to function with good efficiency with peak and base loads. The 

heating power has to be enough to maintain temperature conditions in certain outside 

temperatures (degree day numbers) in different weather zones. (Juvonen & Lapinlampi 

2013) 

A good heat exchanging fluid has a low freezing point and good thermal conductivity to 

be used in GSHP brine cycle. Low viscosity of the fluid ensures that the flow stays 

constant even in the turning points. The liquid should be compatible with most of the 

pipe materials and not be corrosive, flammable or toxic. It should also be biologically 

degradable in the event of leakage. Old fluid removed from the circuit has to be handled 

as a hazardous waste. Ethanol is a common heat exchanging fluid but it is flammable 

and has not so high thermal conductivity or low viscosity than potassium formate. Still, 

it has the best specific heat capacity, it is not toxic and it is biodegradable. (Juvonen & 

Lapinlampi 2013) 

4.4.2 Fireplace 

Fireplace is planned to be a supporting structure in the heating system of the house. The 

peaks at the cold time of the year are covered by the fireplace when heating energy need 

exceeds the capacity of the ground source heat pump. The amount of fuel (wood or 

pellets) consumed when producing a certain amount of heat depends on the efficiency 

and size of the fireplace. Nowadays there are a lot of options from pellet-based 

fireplaces to the traditional baking oven with masonry. Wooden sauna stove can be also 

utilized in heating and can be implemented in the same wall as the fireplace masonry. 

Wood-based fuels are classified as bioenergy and GHG neutral source of energy. When 

burning the wood or pellets the heat is emitted into the surrounding air or house’s 

structure such as masonry in the middle of the house. Fireplaces are possible to 
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implement also as a part of the heating water circulation of the house. Burning of wood 

can cause particle emission if not done properly. Particle emissions can be avoided by 

dry and clean enough fuel, proper adjustments and keeping the equipment clean. 

(Motiva 2012) The heat energy content of wood depends on the tree type and varies 

between 1 300 – 1 700 kWh/m
3
. The heat energy content of pellet is 4,7 kWh/kg on 

average and varies between 2 900 – 3 900 kWh/m
3
. (Motiva 2010 & 2011)  

4.5 Electricity production with solar photovoltaic panels 

In this thesis, the electricity is planned to be produced by solar photovoltaic (PV) 

panels. Households are able to produce all the electricity they need in summer. Since the 

production of electricity by solar PV panels in winter is so little, the houses have to be 

joined to a national electricity grid. 

Solar PV panel consist of several photovoltaic cells. The functioning of the solar 

photovoltaic cell is based on electrons moving from a valence band to the conduction 

band of the electricity conducting material by the energy from solar radiation. The 

electrons rise from positive semiconductor to negative semiconductor which creates an 

imbalance of charge. That charge can be balanced by an external conductor and the 

created current going through can be utilized as electricity. (Pasonen et al. 2012) 

Solar PV systems include the following power conversion devices (Pasonen et al. 

2012): 

 Charge controllers for batteries 

 DC/DC (direct current) converters for adjusting voltage level and 

 Inverters for converting DC voltage to AC (alternating current) voltage for the 

grid. 

Two types of solar PVs, crystalline silicon and thin film, are in the market. Crystalline 

silicon (mono or multi –type) has the lowest cost and multiple manufacturers since 

silicon is a common material in earth and they are efficient. Thin films are new to the 

market and they have lower efficiencies but can be easily integrated into building 

components. (Yüzügüllü 2013) 
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4.6 Energy storage 

As the electricity production of the solar PV system varies depending on the weather 

conditions, time of the day and time of the year it is not always possible to use the 

produced electricity right away and without storage it is released to the grid. Energy 

storage technologies are needed to self-utilize as much electricity as possible on site and 

to balance the power output from solar panel systems. Balancing the power output can 

be carried through power quality and load-leveling which requires rechargeable 

batteries. Solar system size, type and needed system performance affect the storage 

technology selection from electrical, electrochemical, mechanical or thermal storage 

categories. Also the plug-in electric cars enable the electricity to be stored in their 

batteries. The electricity is stored in a battery as DC and power conversion system is 

needed to convert this electricity to AC to be supplied into electric grid. In addition to 

the power conversion system, a monitoring and control system is needed as well. 

(IRENA 2015, Pasonen et al. 2012, Yüzügüllü 2013) 

According to Pasonen et al. (2012) different kind of lead-acid batteries are available and 

typically used technology for residential energy storage systems. Also lithium-ion 

battery technology is promising. Commercial energy storage technologies are larger. 

Larger systems can include power electronics, control systems and transformers i.e. 

inverters. Battery technologies suitable for larger PV systems are flow-batteries and 

sodium based batteries such as NaS-batteries. (Pasonen et al. 2012)  

Battery properties, such as performance, cost and lifetime, are affected by multiple 

conditions. Cycle life is the number of charge and discharge cycles of battery, where 

calendar life is the years the battery can operate. Depth of discharge means the amount 

of energy discharged of the full battery capacity and affects the lifetime of the battery. 

The deeper the discharge the more it shortens the battery’s lifetime. Ambient 

temperature can also affect the battery. High ambient temperature causes the reactions 

to occur inside the battery and to lose capacity. On the other hand, too cold ambient 

temperature can slow down the reactions and discharge might stop altogether. When 

using batteries as energy storage, longer charge and discharge cycles are required from 

them, so this characteristic is important in addition to the performance and lifetime. 

(IRENA 2015) 
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This thesis’ case Maijanlenkki includes 11 houses with 43 residents so the energy 

storage for solar PV system will be of size that also commercial energy storage 

technologies can be considered. A lead-acid, lithium-ion, NaS and flow batteries are 

examined in this chapter.  

4.6.1 Lead-acid (LA) batteries 

LA battery is the oldest and most mature battery technology.  Car and truck batteries are 

known LA batteries. Car batteries have short lifetime and therefore are not suitable for 

solar PV system. Truck batteries have long enough lifetimes when using shallow 

cycling. LA batteries have a long operational life and low cost, but short cycle life, high 

maintenance requirements, low specific energy and high-voltage operation. Sealed lead 

acid (SLA) batteries are common but require controlled charging. Lead-carbon battery 

is the latest technology which can have one or both electrodes made from activated 

carbon. It has larger reaction surface of 1500 m
2
/g which enables faster reaction rate and 

discharge speed, better capacity in cold conditions and less corrosion. Weight and size 

are about half of the traditional LA battery. (Pasonen et al. 2012, Yüzügüllü 2013) 

4.6.2 Li-ion batteries 

Lithium cells can produce high voltage (>3 V) because of its reactiveness and non-

aqueous electrolyte. Li-ion batteries have a low discharge, energy density of 100-200 

Wh/kg or 300-400 kWh/m
3
, efficient charging and long cyclic lifetime (3000 – 16 000 

cycles), although the capacity decreases as the amount of cycles increases. They are 

sensitive to overvoltage and need temperature and current control. In practice this 

means a protection circuit that monitors the charging and discharging of the Li-ion 

battery to prevent a heat and fire hazard from overvoltage. (Pasonen et al. 2012, 

Yüzügüllü 2013) 

4.6.3 NaS batteries 

NaS battery consists of sodium at negative electrode, sulphur at positive electrode and 

sodium ion conductive ceramic as an electrolyte. NaS batteries have an energy density 

of 151 kWh/m
3
 and voltage of 2 V at 260 – 360 °C temperature, which requires safety 

measures to prevent fire. They have high efficiency, 15 year lifetime and 2 500 – 6 500 

cyclic lifetime. NaS batteries can discharge as long as six hours. Still, they have 
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challenge in cycle life, corrosiveness, high cost, temperature and size and therefore 

cannot be recommended. (Pasonen et al. 2012, Yüzügüllü 2013) 

4.6.4 Flow-batteries 

Flow batteries consist of two electrolyte tanks and a proton-exchange membrane. The 

electrolyte’s concentration and volume affects the energy storage capacity. The surface 

area of the electrolytes and number of flow cells affects the output power. The battery 

operates at normal temperature, has a voltage of 1,15 – 1,55 V, energy density of 15 – 

25 Wh/l, 10 000 cyclic lifetime and efficiency of 75-80 percent. Overcharging or 

discharging affects the flow battery or its performance less than other batteries. 

Vanadium redox flow battery consists of two electrolyte tanks which contain active 

vanadium species in different oxidation states. In zinc bromide flow batteries there is no 

electrode degradation because they don’t take part to the reaction and therefore it is 

more lasting for repeated cycling. Flow battery conditions, such as changing 

temperature and strong reduction and oxidation conditions, are challenging for the 

membranes and electrolytes. Flow batteries require real-time analysis and monitoring 

tools and also hydraulic parts, such as valves, pipes and seals. (IRENA 2015, Pasonen et 

al. 2012, Yüzügüllü 2013) 

4.6.5 Suitability of the energy storage systems 

The most important reason to have a battery system for solar PV in North is to shift the 

energy produced in daytime to be used in the evenings. In addition it improves the 

system’s reliability. It is reasonable to carefully choose a suitable battery system when 

implementing this large solar PV system for 43 residents. Table 3 represents pros and 

cons of different battery systems examined in this chapter from Pasonen et al. (2012). 
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Table 3. Strengths and weaknesses of the examined battery systems. Modified from 

Pasonen et al. (2012). 

Battery type Suitability Strengths Weaknesses 

Lead-Acid All size 

PV 

systems 

 Mature 

 Cost efficient 

 Low discharge (2-3 % / month) 

 Small service cost 

 Recharge ability (90%) 

 New technology: Lead-carbon 

- Low energy density 

(25-50 Wh/kg) 

- Environmental 

hazard (Lead) 

- Narrow temperature 

area 

- Low efficiency (75-

85 %) 

- Low cyclic lifetime 

(~2000 cycles) 

Li-ion  

(battery 

control and 

management 

system) 

All size 

PV 

systems 

 Mature / fast developing 

 High energy and power density 

(120-160 Wh/kg) 

 Light, no memory effect 

 Low discharge (5 % / month) 

 Long cyclic lifetime (3000-16000 

cycles) 

 Long service life 

 Recycling of Li-oxides and salts 

- Needs heat control 

- High investment cost 

- Needs battery cell 

balancing and 

protection 

- High nominal cell 

voltage (3,2-4,2 V) 

 

NaS 100 kW - 

MW 

 High efficiency (82-92 %) 

 Long cyclic lifetime (~2500 

cycles) 

 High energy density (150-200 

Wh/kg) 

 No memory effect 

 No discharge 

 Low capital cost 

- High operating 

temperature (300-350 

°C) 

- Few manufacturers 

- Fire hazard 

 

Flow 

(vanadium 

redox) 

≤ 100 kW  Long cyclic lifetime (>10000 

cycles) 

 Fast response time 

 Small service cost 

 No discharge 

 ZnBr flow battery; higher energy 

density (75-85 Wh/kg), lower 

cyclic lifetime (>2000 cycles) 

- Low energy density 

(25-35 Wh/kg) 

- Low efficiency (65-

75 %) 

- Cost, complex 

construction 

- Few manufacturers 

 



41 

 

 

It can be said that NaS battery system would be too risky for a residential area. Batteries 

operating in such high temperatures would require careful control by professionals 

which would not be possible in a residential area. Since LA batteries have a mature 

technology they would be safe and cost-effective to implement, at least at an individual 

scale. LA batteries have a low energy density and low efficiency compared to their size 

and weight and they would be replaced relatively often because of their low cyclic 

lifetime. Li-ion battery technology is a fast developing and it has multiple positive 

characteristics. Still, they have issues with temperature control because of their high 

voltage and they require balancing and protection to be reliable, so it would be 

questionably risky for a residential area. Flow batteries are able to operate in normal 

temperatures, have a long cyclic lifetime and fast response time which would be useful 

in a system where as much as possible electricity is tried to self-utilize. Low energy 

density and tanks mean that they require more space which would be provided in the 

common service building. Flow batteries have a high investment cost but low service 

cost. A suitable battery system for this thesis’ case is considered in chapter 6.4. 

4.6.6 Recharge point for electric cars 

The recharge units for electric cars can be joined to the solar PV system. The cars could 

be charged with self-produced electricity and their batteries could work as supporting 

and grid balancing energy storage. When there is no solar energy production and battery 

system’s capacity is used up, the electricity stored in the electric cars could be utilized. 

During winter the normal battery storage will probably be empty almost always because 

of so low solar electricity production. To make most of the energy storage and car 

batteries they could be recharged at night with cheaper electricity from the grid which 

could be used in the residential area at daytime. USABC (2017) has set a goal capacity 

of 45 kWh for electric car batteries so four electric cars could have about 180 kWh 

capacity at total on top of the energy storage system. 

4.7 House automation 

House automation, also called smart control, can be used for peak shifting of electricity 

in households. The aim is to shift a part of the peak load, which is usually at the 

evening, to the time with lower consumption at day when solar electricity is produced 
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and can be utilized straight away. Smart control would be reasonable also at winter 

when there is so little solar electricity production so cheaper nighttime electricity could 

be utilized. In the article of Louis et al. (2014) household electricity consumption with 

automation and without automation were studied. The house automation shifted part of 

the evening peak into nighttime and lessened the electricity consumption. (Louis et al. 

2014) 

For example, if the appliances are silent enough they could be timed to be on at night. 

Smart control would also enable to time the GSHP running periods to nighttime as 

much as possible. With smart control the reaction to the outside temperature could be 

improved for GSHP and there would not be so much heat wasted. The operating periods 

of the GSHP could be partially predicted and their length optimized which would 

increase the lifetime of the compressor. Some new fireplaces have a control panel which 

could be connected to the smart control system and the fireplaces can be ignited 

remotely at cold winter days when the capacity of the GSHP isn’t enough (Palazzetti 

2017). Other house automation possibilities would be lighting based on movement 

sensors, especially in toilets and bathrooms where time is not so much spent. 
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5 ECO-DISTRICT PLAN FOR MUHOS: CASE 

MAIJANLENKKI 

The baseline assumptions for case Maijanlenkki are examined in this chapter. The aim 

is to clear out if and how much this kind of project has potential and what subjects 

should be chosen for further eco-district design. The meaning is also to put together the 

most important fields from an energy and environmental engineering point of view and 

build a compact solution that could actually be executed in the future. Regional land use 

planning considering the area and technical and northern aspects considering the 

geographical location are reviewed in this chapter. 

From this section on, a different kind of household profiles will be made to match the 

actual needs of the variety of families, such as couples and families of various sizes. 

The realistic scenario is that the residents are comprised from different ages and 

working and living situations so sizing of the houses will be made based on flexibility. 

Therefore three different sized houses of 90 m
2
, 120 m

2
 and 150 m

2
 will be considered 

and mean consumptions will be calculated. The 90 m
2
 houses will be semi-detached 

houses. 

5.1 Structure of the case Maijanlenkki 

The meaning of this work is to plan a comprehensive residential area structure that the 

municipality of Muhos is able to utilize in the future. Such is the meaning of RECENT 

project; give the rural municipalities tools to handle climate change related risks and 

implement energy conscious solutions. The aim is to fulfill environmental, social and 

economic aspects of sustainability by energy efficiency and renewable energy solutions. 

In addition to these important goals the final solution should be practical so that it 

would actually be possible to realize in the forthcoming years. 

The social sustainability is tried to be improved by a suitable real estate company 

solution examined in chapter 3. Social aspects essential for this case are considered 

more closely in chapter 5.5 so that the planned area and its residents will work as 

community and so that area would have solutions the actual future residents would 

prefer. By implementing energy efficiency and sustainable energy solutions a certain 
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amount of GHG savings are achieved compared to traditional residential area. GHG 

reduction in residence related matters is indicated in Finland’s National targets 

presented in chapter 4.  

The energy solutions chosen for this thesis are geothermal heating system and solar 

photovoltaic electricity production system. The solar PV system will be the main focus 

because of its challenges in northern conditions which requires a very careful sizing to 

be energy and cost efficient. The implementation of additional solutions – common 

waste management system, composter, recharge point for electric cars and urban 

farming – are considered because of their popularity among people. To predict the 

consumption behavior of a residential area, consumption profiles are compiled from an 

actual data. The consumption profiles can be compared to the electricity produced to see 

the amount of excess electricity and the time of the day it is produced so that its 

utilization rate can be improved. Finally, the economic issues related to the whole 

residential area have to be considered to evaluate if the solution for the eco-district case 

is feasible in the long run. At least, regardless of the conclusion, the municipality of 

Muhos will have tools and information to continue towards sustainability and utilize 

parts of this thesis in their future planning of infrastructure. 

5.2 Municipality of Muhos 

Muhos is a municipality in the Oulu region of Northern Ostrobothnia. Muhos is located 

35 km to the south-east from the city of Oulu. The main residential areas in Muhos are 

the municipality center area, Päivärinne neighborhood, Leppiniemi neighborhood and 

Kylmälänkylä neighborhood. Oulu, Muhos and Päivärinne neighborhood located 

between them can be seen from figure 5. 
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Figure 5.  Map illustrating the location of case Maijanlenkki in the Päivärinne 

neighborhood between city of Oulu and town center of the municipality of Muhos. 

(Maanmittauslaitos 2018) 

 

Muhos is a municipality of about 9000 residents in an 800 km
2
 area and located along 

the river Oulujoki (figure 5). Key numbers of Muhos can be seen from table 4. Outside 

of the service sector, agriculture and farming are common in Muhos. The distribution of 

industrial and commercial activity in Muhos can be seen in figure 6. 

Table 4. Key numbers of municipality of Muhos (2017). 

Population 8993 

Area 797,31 km
2
 

Population density 11,54 res / km
2
 

Year of foundation 1865 
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Figure 6.  Industrial and commercial activity in the municipality of Muhos. 

(Municipality of Muhos 2016) 

 

Muhos is a part of HINKU project (Kohti hiilineutraalia kuntaa – Towards carbon 

neutral municipality). As a part of HINKU, an internet service called HINKU forum has 

been established. It is a network for municipalities, companies and professionals that are 

pledged themselves to lessen the emissions and control the climate change. It aims to 

share knowledge, support municipalities in climate related issues, give tools to assess 

emissions and enable coverage of climate friendly products for companies. (SYKE 

2017a) 

For a municipality to be accepted as a HINKU-municipality it has to fulfill certain 

criteria defined by Finnish Environment Institute (SYKE). The criterions ensure that the 

municipality has pledged itself to actions reducing GHG emissions and climate change 

related issues and affecting parties operating within its area so that it reaches towards 

carbon neutrality. Municipality is required to take emissions into consideration in its 

entire decision making and has to become a part of a contract about energy efficiency of 

the municipalities. Other parties in the contract are Ministry of Economic Affairs and 

Employment, Energy Authority and The Association of Finnish Local and Regional 

Authorities. (SYKE 2017b) 

These aims are put into practice by forming a HINKU group within the municipality 

that includes professionals from the most important sectors. Every year a plan of the 

investments that reduce the GHG emissions is made. When a remarkable emission 
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reducing investment is realized it is published in HINKUmappi network service. (SYKE 

2017b) In addition, a project called VÄHÄHIKU (competitiveness for municipalities by 

low-carbon means) was in action at the Northern Ostrobothnia to the end of 2017 that 

Muhos municipality was a part of. The aim of VÄHÄHIKU was to lessen the use of 

fossil fuels and GHG emissions by gaining economical savings at the same time. 

(SYKE 2017c) 

5.3 Area 

The case Maijanlenkki area is located in the Päivänpaisteenmaa town plan area of the 

neighborhood Päivärinne in the municipality of Muhos (figure 7). Päivärinne is located 

26 km from Oulu and 12 km from Muhos (Google Maps 2017). Päivänpaisteenmaa is in 

the eastern part of the Päivärinne. Services in the Päivärinne neighborhood are school, 

daycare center, service center and grocery shop with post. (Jokirinteen kyläyhdistys Ry 

2017) There is also beach, jogging track, park and possibly a dog park in the future. 

(Municipality of Muhos 2015b) 

 

Figure 7.  Map of the neighborhood of Päivärinne. (City of Oulu 2017) 
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5.3.1 Plots 

The area consists of 12 plots in the Maijanlenkki road on the right side of the map 

presented in figure 7. The plots are from blocks 88 (1-4), 89 (1-2), 90 (1-2) and 91 (1-

4). Plots will be referred in a form of (block number : plot number) e.g. 88:1. Each of 

the plots are about 1250 m
2
 ranging from 1191 to 1433 m

2
. All the plots are along the 

Maijanlenkki road and four plots along the Käärmeläntie road. The most southern plots 

are planned to be joint together for two semi-detached houses. The figure 8 is from the 

Päivänpaisteenmaa town plan so the locations of the buildings are just a draft of the 

layout. The relocation of the buildings to represent this case is done in the modelling 

phase chapter 7. 

 

Figure 8.  Case Maijanlenkki plots, plot numbers and plot sizes. (Municipality of 

Muhos 2015b) 
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The area is surrounded by agricultural land in the south-east and south, other plots in the 

south-west and north-west and forest in the north-east. The blocks are reserved to be an 

area for single-family detached houses. For this pilot, the three adjacent and most 

southern plots (88:4, 91:3 and 91:4) will be merged and the two semi-detached houses 

will be located there. (Municipality of Muhos 2015b) 

5.3.2 Land use planning 

The Finnish Ministry of Economic Affairs and Employment (2017) states that the aim 

of the Land Use and Building Act is to create conditions for good living environment. 

Land use planning is an efficient way to take energy and emissions into consideration 

and help implement low-carbon built environment while supporting other policy 

instruments. Land use planning is an important tool to achieve the international climate 

targets because it affects to the transportation, building material selection and the energy 

consumption of buildings. (Lylykangas et al. 2013) 

The implementation of the solar panels can be promoted by ordering the direction of the 

roof in zoning. (HINKU 2017) In the town plan of Päivänpaisteenmaa it is stated that 

the locations of the buildings in the plots should be followed in outline. The roof is 

recommended to be gable roof or skillion roof. The pitch of the roofs depends on the 

number of floors; 1:2 – 1:6 for single-floor, 1:1,5 – 1:3 for one and a half floor and 1:2 – 

1:3 for two-floor houses. The direction of the ridge of the roof is binding in town plan 

map. (Municipality of Muhos 2015b) 

Reflecting and/or light colored roof materials can be beneficial for solar energy 

production since it increases the amount of reflected radiation but the panels will be 

more visible then. (Pesola et al. 2013) This could be considered inside the guidelines of 

the land use planning. In the town plan of Päivänpaisteenmaa it is said that the color of 

the roofs in the area is mainly grey and its shades can be chosen to suit the house’s main 

color (Municipality of Muhos 2015b). A light grey could be chosen as the color of the 

roofs and it could be coated with reflecting material. 

The plots of the blocks 88 and 89 are on the slope. The natural gradient of the plots 

should be kept and the buildings are to be adapted to the slope. The adaptation of the 

buildings to the slope and a cross section of the terrain must be presented in the building 
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license application. The first floor’s rooms might have to be stepped into multiple grade 

levels. (Municipality of Muhos 2015b) 

5.4 Buildings 

The area will consist of 11 buildings in total. Buildings are two semi-detached houses, 

eight detached houses and a common service building. Additional structures such as 

warehouses, playhouses, garages or shelters will not be taken into consideration in this 

thesis. 

5.4.1 Houses 

Two semi-detached houses with four 90 m
2
 apartments will be constructed for couples 

and the houses will be located into the three adjacent and most southern plots (88:4, 

91:3 and 91:4). The five smaller detached houses (120 m
2
) for four-person families will 

be located into plots 88:1, 88:2, 88:3, 89:1 and 89:2. The three larger detached houses 

(150 m
2
) for five-person families will be located into plots 90:2, 91:1 and 91:2. The 

plots can be seen in figure 7. The buildings will be connected to the national electricity 

grid and into the local water and sewer network. 

The aim is to plan the houses and their energy and technological solutions so that they 

could be built as low energy buildings. The detailed calculations are done in chapter 6. 

In chapter 6 the energy demand and consumption behavior of the houses is estimated. In 

chapter 7 the energy technologies are sized for the case Maijanlenkki area. Finally the 

E-values of the houses with these technologies are calculated and evaluated.  

5.4.2 Common service building 

Common service building has to be easily accessible to the housing management, 

property maintenance and waste collection and disposal. The plot 90:1 (block 90 plot 1 

from figure 7) is planned to be the location of the common service building because it is 

beside Käärmeläntie (figure 6) and it is in a central spot and therefore close to all of the 

eco-district’s buildings. Playground for children is located in the common building 

garden area. The plot 90:1 is optimal also because the common building will be one- or 

two-storied with a cellar space, so the building has to be located so that it does not shade 
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other buildings. Because of the central location of the common service building 

mailboxes of the households would be reasonable to put there together. 

The efficiency number e in the Maijanlenkki area is 0,20 which means the ratio of 

building space and plot area. (Municipality of Muhos 2015b) Since the area of the plot 

90:1 is 1255 m
2
 the efficiency number allows to build a 250 m

2
 common service 

building there. The area is divided between cellar area, first floor and, if desired, a 

second floor. The first floor area in the ground level contains the parking space with 

recharge points for electric cars, common tool storage, access to barbecue area and solar 

battery storage with technical space. Cellar space contains the shelter and possible 

additional storage space for houses. The sauna and club room space can be placed in the 

second floor or in the first floor on the ground level. The access to outside barbecue area 

can contain stairs to the sauna and club room space if they are placed in the second 

floor.  

The Government Decree on Civil Defense Shelters requires the shelter to be at least 20 

m
2
 and it can be sized based on the amount of people in the area, having a 0,75 m

2
 space 

per person. The calculated area for shelter with 43 people would be 32 m
2
. In addition, 

spaces for air lock and technical spaces for machinery and control room will be outside 

the actual shelter, so the whole area of the defense shelter in cellar space can be 

approximated to be about 50 m
2
. (Finlex 2017b) 

The City of Oulu norms for parking (2006) states that the size of one parking space have 

to be 2,5 meters wide and 5 meters long. In addition, 7 meters of space is needed for the 

driving passage (City of Oulu 2006) and 12,5 m
2
 area for the recharging equipment and 

poles. Therefore the total area of the parking hall is approximately 120 m
2
. Club room 

space with kitchen and sauna spaces with bathroom, toilet and changing room will be 

about 50 m
2
. The rest 30 m

2
 should be enough for solar battery storage with technical 

equipment and common tool storage. 
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5.5 Community aspects 

5.5.1 Social aspects 

Social capacity is an important concept in community living. Where carrying capacity 

illustrates the environmental capacity, caring capacity illustrates social capacity. We 

live in the suburban centralized 21
st
 century where work, family and age structure and 

women’s role has changed considerably compared to the past decades. In addition, the 

weight of entertainment in our lives has increased remarkably. Unhealthy social habits, 

such as watching television or playing videogames, are increased to the point where 

they decline the social skills. The lack of social skills usually lessens the need for 

organizations or associations that offer hobbies and activities which then declines the 

community’s caring capacity. (Hallsmith 2003) Therefore, new building and living 

solutions does not only improve environmental sustainability, but social sustainability 

also.  

Neighborly cooperation seems to be fading more and more nowadays. One opportunity 

for people wanting more supporting living environment is to be a part of communal and 

sustainable district. In this thesis, community’s meaning is not to live together in a 

common house with 20 people but to find a balanced, sustainable and supporting way of 

living in a modern world. Nowadays a community can be a group of couples and 

families who live individually in their own house but share certain ideological principles 

for which everyone works a reasonable amount without the need to use all free time for 

them. In this thesis the main ideological principles will be ecological living, sustainable 

energy technologies and resource efficient consuming. Communality can be actualized 

e.g. by common sauna, barbecue space, playground and gardening which are put into 

practice in this thesis by a commonly owned service building. This gives everyone an 

opportunity to live close by other people that share the same ideologies and offers 

support in everyday life as well as in practical issues. 
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5.5.2 Survey at the Builder fair 

People’s attitudes towards sustainable, local energy production and their thoughts about 

communal living were clarified as a part of this thesis. This was carried through by a 

questionnaire (Appendix 1). The answers were collected at the Builder fair in Ouluhalli, 

Oulu between 7
th

 and 9
th

 of April in 2017.  

Builder fair is a national event organized by Pohjois-Suomen Messut ry (North Finland 

Fair Association). The main themes are construction, renovation and decoration and 

professionals from all lines of work can come to exhibit their services or products. 

Other areas of interest are energy, funding, insurance, plot, garden and real estate 

related issues. (Jääski 2017) 

The survey was carried out by interviewing random people visiting the stand of the 

municipality of Muhos and asking them to participate on the questionnaire. The 

questionnaire consisted of seven questions related to a living in an eco-district. The 

questions were the following: 

1. Traditional new 150 m
2
 detached house costs about 300 000 euros depending on 

the location. Energy efficient house can have, for example, solar panel and 

ground source heat pump systems that produce independent and eco-friendly 

electricity and heat for the resident. Electrical sauna stoves would be replaced by 

wood-heated sauna stoves and the house would have a heat storing fireplace. 

Would you be ready to pay about 30 000 – 50 000 euros more about this kind of 

house, if the investment pays itself back in about 10 years after which you 

produce almost free heat and in summer almost free electricity? 

2. An eco-district would form a community of about 10 detached houses and 40 

residents. Would you hope this kind of neighborhood to have (you can choose 

multiple): 

□ common land for farming □ common waste management system 

□ composter  □ recharge point for electric car 

□ other, what? _______________________________________________ 

3. Are you interested about the communal solutions above or would you prefer 

more individual living solution? 
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4. The use of solar panels and ground source heat pump systems has increased 

lately as an energy solutions for buildings. Do you trust this kind of solutions? 

5. Can you see yourself living in the municipality of Muhos in the future? 

6. Would you be willing to participate in the eco-district construction project in 

Muhos starting in 2017-2018?  

7. Own thoughts, ideas, wishes… 

The questionnaire was answered by 58 people. 86 percent (50 people) were ready to pay 

more for a detached house with renewable, local energy production system. In the 

second question people were asked about what kind of communal solutions they would 

prefer to have and the distribution of the answers can be seen in figure 9. The most 

preferred communal solution by 88 percent (51 people) was a common waste 

management system. The second most preferred communal solution was a composter by 

39 people. Common land for farming and recharge point for an electric car were equally 

preferred but only by a less than half of the people. Other solutions suggested by people 

were corner shop, common recreational area, playground for children, jogging track, 

common storage and common tools, supplies and equipment for gardening. A fair third 

of the people (21) was interested about the communal solutions mentioned in the second 

question where 33 people preferred a more individual living solution. 

 

Figure 9.  Distribution of communal solutions preferred by people in the questionnaire. 
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People’s attitude towards solar panel and ground source heat pump (GSHP) systems 

were figured out by asking whether or not they trust these systems. 86 percent (50 

people) trusts both solar panel and GSHP systems. Eight people trust GHSP system but 

not solar panel system. Other energy production methods trusted by people were wood, 

peat and wind power. Many of the people that answered the questionnaire were already 

living in Muhos, so the result of the sixth question might be misleading. 30 people 

answered that they can see themselves living in municipality of Muhos in the future, 

where 27 people cannot. The willingness to participate the eco-district construction 

project was low; only seven people. One was willing to participate later, in 2020-2021, 

but not in the next couple of years. 

In the last section of the questionnaire people were able to write their own thoughts or 

ideas. One wrote that an age is coming in the way of moving to a new place anymore 

and that neighborly help should be put into operation again among the young because 

it’s a fading tradition. One wrote that it is nice that ecological issues are taken into 

consideration these days. One wrote that even that it is not possible for him/her to 

participate in this kind of project it is a good idea to build eco-districts and believes that 

it will interest enough people. One hoped for a freeway between Muhos and Oulu. 

As a conclusion from the survey it is reasonable to carry on with the designing of a solar 

panel and GSHP based detached houses. All the communal solutions were popular. 

Common waste management system and composter will be closely examined in this 

thesis. Recharge point for an electric car will be covered as a part of the common 

building of the eco-district. Common land for farming can be implemented if possible 

depending on the zoning, plot site properties and final town plan. The reasonability of 

the farming has to be considered carefully because it demands quite a lot of devotion 

from the residents of the eco-district. 
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5.6 Technical aspects 

Implementing technical solutions in a certain area requires an evaluation about 

prevailing conditions in there. Also the legal matters have to be taken into 

consideration. The Finnish Ministry of Economic Affairs and Employment (2017), 

shortly TEM, has prepared to increased solar panel installations by revising the Land 

Use and Building Act considering permissions. Permission procedure is clarified and 

made more consistent and only panels causing considerable effects require permission 

consideration. (TEM 2017)  In the revision of the Land Use and Building Act it is stated 

that a planning permission for minor construction considering GSHP or solar panels is 

only needed, when upgrading the energy system to an already existing building so in the 

case of a new eco-district the permission is not needed. (Ministry of Justice 2017) 

5.6.1 Suitability for GSHP 

Muhos is located in the area where mean ground temperature is about 4 °C. The 

temperature rises 8-15 °C/km deeper in the bedrock which means that in the depth of 

200 meters the temperature is 5,6-7 °C. (Leppäharju 2008) The bedrock in the 

Päivärinne area is granite and the main soil type is sandy till. (GTK 2013a) Päivärinne 

area belongs to the Oulu-Muhos granite area which has been classified as a very 

potential to a geothermal energy production and has favorable ground water movement 

conditions which improves the heat transfer. In the Oulujoki valley the surface soil 

thickness (20-40 m) has to be taken into account when planning a ground heat system. 

(GTK 2013b) The surface soil thickness affects the length of the supporting structure 

which has to be implemented into depth where solid bedrock starts (Juvonen & 

Lapinlampi 2013). 

5.6.2 Suitability for solar electricity 

Because of the surroundings (no forest or high structures in south) the area is applicable 

to solar electricity production. The electricity is produced most efficiently when the sun 

is shining from the south. The area is surrounded by agricultural land and not by other 

buildings or forest from the south-east and south so there is little or no shading to the 

solar panels. Most of the houses’ roofs are faced 25 degrees to the east. (Municipality of 

Muhos 2015b) In the North the solar radiation angle is lower than in south so the effect 
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of other buildings is more significant and has to be taken into account especially 

regarding the winter time production (City of Oulu 2014).  

5.7 Northern aspects 

Cold weather in North causes the need for additional maintenance and certain 

requirements for buildings. Building requirements are presented in the national building 

code of Finland and every new building has to follow the guidelines. 

5.7.1 Winter maintenance 

The Act about maintenance and cleaning of streets and certain areas states that the 

maintenance is municipality’s responsibility and that the streets has to be kept in 

satisfying condition required by demand. The level of the maintenance depends on the 

meaning and amount of transport, weather and time of the day. It includes winter 

maintenance such as removal of snow and ice, slipperiness prevention and removal of 

gravel used for it and keeping water flowing structures open. Owner of the plot has a 

responsibility to take care of the maintenance of the sidewalk at the point of the plot and 

it includes the same operations as mentioned considering municipality. The owner of 

the plot is also responsible to maintain the road leading to the plot. (Finlex 2017c) 

5.7.2 Buildings 

National Building Code of Finland requires houses to have certain properties to achieve 

energy efficiency in northern conditions. These properties are implemented by requiring 

certain limits e.g. for insulation or ventilation. (Ministry of Environment 2012 & 2013) 

The amount of the snow, ground temperature, humidity of the air and dominating winds 

affect the accumulation of the snow. In higher places such as roofs or trees the snow 

also causes loads to the structures. By planning the location and alignment of the houses 

the carrying of the snow and its accumulation can be affected and even utilized in snow 

clearing by wind if possible. (Kuismanen & Kosola 2007) The amount of snow affects 

the energy economics since snow lessens the heat loss of the ground and heat insulation 

properties of the snow might be partly utilized on roofs. Snow causes increase in the 

expenses because of the increased material need in structures. (Lappalainen 2010) 
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Winter conditions also cause the need to keep energy storage equipment inside in room 

temperature (Pasonen et al. 2012). 

5.7.3 Solar panel maintenance 

Solar PV panels are applicable in north since in lower temperatures the efficiency of the 

panels increase and better energy production can be achieved by steep angle. Still, snow 

can block the surface of the solar panels in winter and reduce the efficiency of the solar 

panel. Of course, steep enough angle should prevent the accumulation of the snow in the 

first place. If the panels are installed in an optimal angle for the electricity production, 

snow should be removed from them manually to avoid reduction in performance. Also 

wind conditions can be utilized in snow clearing of panels. Hydrophobic coating in the 

panel surfaces eases the snow clearance. (Pasonen et al. 2012) 

In the very northern part of Finland the amount of snow and its burden is so high that 

the implementation of the solar panels on the roof is not possible. In that kind of cases 

the only way is to install the panels vertically for example in the parapets of the 

balconies. When panels are installed vertically, it is possible to get more production 

from the reflection of the snow. This is an issue under investigation and will be 

researched in more detail in the project of the EEE research unit. (Sarpola 2017) Also 

according to Hakkarainen et al. (2015) the vertical solar PV panels have a benefit to 

utilize reflection from snow and it can be as much as 10 percent. In the planning brief of 

City of Oulu (2014) it is also stated that the more north the location the more worthy it 

is to install panels vertically. 
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6 ENERGY DEMAND OF THE BUILDINGS 

Energy demands for three different sizes of households are calculated in this chapter. 

The different households are two 180 m
2
 semi-detached houses with four 90 m

2
 

apartments including two residents in each apartment, five 120 m
2
 detached houses with 

four residents and three 150 m
2
 detached houses with five residents. The calculations 

will be done for 43 people total. 

6.1 Space heating 

According to Motiva (2017a) a low energy building consumes heating energy under 60 

kWh/m
2
 in southern Finland and under 90 kWh/m

2
 in northern Finland in a year. 

Because Muhos is not located neither in the southern or northern Finland, it is 

reasonable to normalize the heating energy needs for the houses in there by using 

weighted degree day numbers. 

Degree day numbers can be used to measure the need of the heating energy of the 

buildings. Using degree day numbers is based on the assumption that heating need 

depends on the difference between inside and outside temperatures. Certain 

municipality’s degree day number can be calculated by the following equation and 

municipality coefficient. (FMI 2017a) 

From Motiva’s (2016) Normalization of the Consumption: 

𝑆𝑁 𝑀𝑢ℎ𝑜𝑠 =  
𝑆𝑁 𝑂𝑢𝑙𝑢

𝑘1
        (1) 

where, SN Muhos = normalized degree day number of Muhos 

 SN Oulu = degree day number of Oulu 

 k1 = municipality coefficient  

𝑆𝑁 𝑀𝑢ℎ𝑜𝑠 =  
5057

0,97
= 5213,4 
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If a low energy house consumes 60 kWh/m
2
 in a year in Helsinki and 90 kWh/m

2
 in a 

year in Ivalo, the consumption of low energy house in Muhos can be calculated by 

linear interpolation: 

𝑄𝑀𝑢ℎ𝑜𝑠 = 𝑄𝐻𝑒𝑙 + 
𝑆𝑁 𝑀𝑢ℎ𝑜𝑠 −  𝑆𝑁 𝐻𝑒𝑙

𝑆𝑁 𝐼𝑣𝑎 −  𝑆𝑁 𝐻𝑒𝑙
∗ (𝑄𝐼𝑣𝑎 − 𝑄𝐻𝑒𝑙)       (2) 

where, QMuhos = energy consumption in Muhos 

 QHel = energy consumption in Helsinki 

 QIva = energy consumption in Ivalo 

SN Hel = degree day number of Helsinki 

 SN Iva = degree day number of Ivalo 

𝑄𝑀𝑢ℎ𝑜𝑠 = 60 𝑘𝑊ℎ +  
5213,4 −  3878

6231 −  3878
∗ (90 − 60) 𝑘𝑊ℎ = 77,0 𝑘𝑊ℎ/𝑚2 

With the weighted energy consumption of the space heating, the amount of needed 

energy in a year can be calculated for each house. 

For 90 m
2
 house: 77 kWh/m

2
 * 90 m

2
 = 6 930 kWh 

For 120 m
2
 house: 77 kWh/m

2
 * 120 m

2
 = 9 240 kWh 

For 150 m
2
 house: 77 kWh/m

2
 * 150 m

2
 = 11 550 kWh 

The total heating energy consumption for the whole area is  

𝑄𝑡𝑜𝑡𝑎𝑙 =  ∑ 𝑛90𝑚2  ∗ 𝑄90𝑚2  +  𝑛120𝑚2 ∗  𝑄120𝑚2  +  𝑛150𝑚2 ∗  𝑄150𝑚2            (3) 

𝑄𝑡𝑜𝑡𝑎𝑙 =  ∑ 4 ∗ 6930 𝑘𝑊ℎ + 5 ∗ 9240 𝑘𝑊ℎ + 3 ∗ 11 550 𝑘𝑊ℎ = 108 570 𝑘𝑊ℎ 



62 

 

 

The heating energy for the common service building is challenging to evaluate. In 

Motiva’s (2011) value sheet for climate calculator a storage building’s heating energy 

consumption is 22,5 kWh/m
3
. With this value the Maijanlenkki common service 

building with volume of 675 m
3
 would consume about 15 000 kWh in a year. Still, it 

cannot be said what kind of storage building this value is originally meant. Therefore 

the common service building’s GSHP electricity consumption will not be taken into the 

electricity calculations to avoid inconsistencies in sizing and modelling of the whole 

area. Instead, the adequacy of the surplus electricity produced by the solar PV systems 

will be reviewed for the common service building. Because of the flexibility of the 

GSHP with alternating condenser, it’s size can be roughly estimated in chapter 7.1. 

6.2 Water heating 

The water consumption of the detached house is 110-120 liters per day on average. 

Warm water consumption per person is about 35-50 liters per day. (Motiva 2012) The 

energy consumption of water heating can be calculated based on the warm water 

consumed. (Motiva 2016) 

𝑄 =  
𝜌 ∗ 𝑐𝑝 ∗ 𝑉 ∗ (𝑡2 − 𝑡1)

3600
         (4) 

where, Q = energy consumed to water heating (kWh) 

 ρ = density of water (1000 kg/m
3
) 

 cp = specific heat capacity of water (4,2 kJ/kg°C) 

 V = water consumption (m
3
) 

 t2 = temperature of the heated water (55 °C) 

 t1 = original temperature of the water (5-10 °C) 

 3600 = unit variation factor from kJ to kWh 
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The equation (4) can be simplified by inserting known parameters to it. 

𝑄 =  
1000 𝑘𝑔 𝑚3⁄ ∗  4,2 𝑘𝐽/𝑘𝑔°C ∗ 𝑉 ∗ (55 °C − 5 °C)

3600
 

𝑄 = 58,33 𝑘𝑊ℎ 𝑚3⁄ ∗  V       (5) 

where, 58,33 kWh/m
3
 = energy needed to raise water temperature 50 °C 

 V = the amount of warm water consumed (m
3
/year) 

The yearly warm water consumption for one person is calculated. 

Vmin = 35 l * 365 d = 12 775 l = 12,775 m
3
 

Vmax = 50 l * 365 d = 18 250 l = 18,250 m
3
 

The yearly warm water consumption for one person ranges between 12,775 – 18,25 m
3
. 

The minimum and maximum yearly energy consumption for the water heating for one 

person is calculated. 

Qmin = 58,33 kWh/m
3
 * 12,775 m

3
 = 745,2 kWh 

Qmax = 58,33 kWh/m
3
 * 18,25 m

3
 = 1 064,6 kWh 

The water heating energy demand ranges between 745 – 1 064 kWh for one person. For 

example, a four-person family the consumption ranges between 2981 – 4256 kWh. By 

using less water and consuming only 35 liters of warm water per person per day 

compared to the 50 liters, the yearly energy saving for a four-person family can be 1276 

kWh. The value of 1000 kWh/year/person for water heating will be used in this thesis. 
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6.3  Electricity consumption 

The electricity consumption of the households is challenging to estimate so the sizing is 

based on statistics of metered consumptions. Yearly electricity consumptions according 

to Rouhiainen (2010), Adato (2013), OCTES (2012) and Eko-Viikki (2005) are 

presented in table 5. 

Table 5. Yearly electricity consumptions, kWh/year. (Rouhiainen 2010, Adato 2013, 

OCTES 2012, Helsinki City Planning Office 2005) 

 Two-person 

household, 90 m
2
 

Four-person 

household, 120 m
2 

Five-person 

household, 150 m
2
 

Rouhiainen 4 500 – 6 100  6 000 – 8 700  6 500 – 10 000 

Adato 5 500 7 300  

OCTES 6 000 – 8 000* 

Eko-Viikki 49 kWh/m
2
/a 

4 410 5 880 7 350 

* Small family household. 

The lower values from Rouhiainen (2010) are the electricity-saving consumptions and 

higher values are the average consumptions. Adato (2013) report values are average 

consumptions. In the OCTES (2012) presentation the values are for small family house. 

The averages from Rouhiainen (2010) values are 5 300 kWh/a, 7 350 kWh/a and 8 250 

kWh/a. The values from these sources are close to each other. Eko-Viikki guideline 

values are quite low compared to the other values and they are from 2005, so the aim 

has been quite ambitious. Nowadays reaching that low electricity consumption should 

be easier since the appliances are more energy efficient. Biggest difference in electricity 

consumption between Helsinki and Muhos might be caused by winter time car interior 

heating. 

An electrical sauna stove consumes 800 kWh/a in a two-person household and 1 000 

kWh/a in a four-person household. This is about 14 percent of the household’s 

electricity consumption, which will be saved by a wood-heated sauna stove. Lighting 

consumes 700 kWh/a in two-person household and 1 150 kWh/a in four-person 

household, which is also about 14 percent of the household’s electricity consumption. 
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(Adato 2013) The electricity consumed by lighting can be decreased by changing to a 

more energy efficient bulbs. A 60 watt incandescent bulb consumes about 0,06 kWh/h, 

a 18 watt energy saving bulb (compact fluorescent light bulb) about 0,02 kWh/h and a 9 

watt LED light bulb about 0,009 kWh/h. LED lights consume only 15 percent of the 

electricity consumed by incandescent bulb and 45 percent of the electricity consumed 

by an energy saving bulb. (Vattenfall 2017) The household’s electricity consumption 

can be reduced on average about 12 percent by changing from incandescent bulb to 

LED lighting. Sauna stove and lighting changes together can lead to 26 percent saving 

in consumed electrical energy. 

Based on the multiple sources and their averages the following values for electricity 

consumption are chosen; 5 300 kWh/a for 90 m
2
 household, 6 900 kWh/a for 120 m

2
 

and 7 900 kWh/a for 150 m
2
 household. When taking the electricity saving from sauna 

and lighting changes into consideration, the values are; 4 000 kWh/a for 90 m
2
 

household, 5 100 kWh/a for 120 m
2
 household and 5 900 kWh/a for 150 m

2
 household. 

The total electricity consumption for the pilot area is calculated. 

𝑊 =  ∑ 𝑛90𝑚2  ∗ 𝑊90𝑚2  +  𝑛120𝑚2 ∗  𝑊120𝑚2  +  𝑛150𝑚2 ∗  𝑊150𝑚2            (6) 

𝑊 = 4 ∗ 4000 𝑘𝑊ℎ + 5 ∗ 5100 𝑘𝑊ℎ + 3 ∗ 5900 𝑘𝑊ℎ = 59 200 𝑘𝑊ℎ 

 

In the OCTES (2012) project a multiple houses’ electricity consumption was measured 

for about a one year period. The measured consumptions varied from 3 800 kWh to 25 

900 kWh in a year. The electricity consumption of the ten houses with the most 

consistent data was analyzed for this thesis. The key numbers from the data can be seen 

in table 6. 
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Table 6. Electricity consumption data from OCTES (2012). 

 Apr-Sep 

hourly 

average 

[kWh] 

Yearly hourly 

average 

[kWh] 

Apr-Sep 

total [kWh] 

Yearly total 

[kWh] 

Apr-

Sep / 

Yearly 

[%] 

Probable 

heating 

system 

House 1 0,934 1,103 4102 9662 42,5 District  

House 2 0,89 0,956 3909 8375 46,7 District  

House 3 0,365 0,443 1603 3881 41,3 District  

House 4 1,249 1,537 5486 13464 40,7 District  

House 5 1,159 1,33 5090 11651 43,7 District  

House 6 0,722 1,201 3171 10521 30,1 Electric  

House 7 1,888 2,952 8292 25860 32,1 Electric  

House 8 1,101 1,71 4836 14980 32,3 Electric  

House 9 1,477 2,543 6487 22277 29,1 Electric  

House 10 1,348 2,031 5920 17792 33,3 Electric  

 

A six-month time period from April to September was taken into closer look to study 

the consumption of the warmer half of the year. It was noticed that in half of the houses 

(1-5) the share of April-September consumption was about 41-47 percent when in the 

other half of the houses (6-10) it was about 29-33 percent. The reason for the 

differences might be whether the heating system is electrical or not. The yearly average 

electricity consumption was about 9 400 kWh for the houses 1-5. For houses 6-10 the 

yearly average electricity consumption was about 18 300 kWh which is about double. A 

conclusion can be drawn that the first half of the houses has a non-electrical heating 

system such as district heating. The electricity consumption in houses 1-5 is not 

dependent on the outside temperature so these houses are selected to study the 

consumption profiles for the eco-district scenarios in chapter 7.4. 

The consumption profile compiled from all ten houses between June and August can be 

seen in figure 10. A share of each hour from daily average electricity consumption of 14 

kWh can be seen. The evening peak in electricity consumption is clear and the last four 

hours of the day consume about a quarter of the daily electricity.  
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Figure 10.  Daily average consumption profile of one summer day between June and 

August. Calculated from OCTES (2012). 

 

Monthly distribution of the electricity consumption was calculated from the data 

(OCTES 2012) of four houses with probable non-electrical heating (table 7). One of the 

five houses was excluded because it had more gaps in the measurements than the four 

other. The calculated yearly electricity consumption of the households (Whh) in the case 

Maijanlenkki area can be divided for each month. 

Table 7. Monthly distribution of the household electricity consumption (Whh) in case 

Maijanlenkki area. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Share 0,105 0,095 0,087 0,082 0,075 0,065 0,066 0,070 0,074 0,081 0,089 0,109 1 

Whh 6234 5626 5173 4863 4442 3876 3910 4121 4388 4822 5274 6470 59200 

 

Differences between summer and winter consumptions might be explained, at least 

partially, by holidays. In December the highest electricity consumption is caused by 

Christmas when people spend time at home and cook a lot. Christmas holiday season in 

Finland ends at 6
th

 of January. Summer holidays and traveling explains the lower 

consumption between May and August when people are less at home. People might also 

cook outside and not use oven during warm summer days. The lowest electricity 
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consumption in June can be explained by national Finnish Midsummer holiday 

(Juhannus) when people usually travel from cities to summer cottages or festivals. The 

second lowest consumption in July can be explained by annual holidays. 

The measured average COP for ground source heat pumps is 4 for space heating with 30 

– 40 °C temperature difference between collection circuit and heating circuit. With the 

same temperature differences the measured average COP for water heating is 2,5. 

(Swedish Energy Agency 2012, TM Tekniikan Maailma 2012) This means that the 

ground source heat pump produces 4 kWh heat when heating spaces and 2,5 kWh heat 

when heating domestic water from 1 kWh of electricity. The electricity consumption of 

GSHP can be calculated for each household.  

GSHP electricity consumption for space heating: 

𝑊𝐺𝑆𝐻𝑃,𝑠𝑝𝑎𝑐𝑒 =  
𝑄𝑠𝑝𝑎𝑐𝑒

𝐶𝑂𝑃𝐺𝑆𝐻𝑃,𝑠𝑝𝑎𝑐𝑒
=  

∑ 𝑛ℎ𝑜𝑢𝑠𝑒 ∗ 𝑄𝑠𝑝𝑎𝑐𝑒,ℎ𝑜𝑢𝑠𝑒

𝐶𝑂𝑃𝐺𝑆𝐻𝑃,𝑠𝑝𝑎𝑐𝑒
             (7) 

𝑊𝐺𝑆𝐻𝑃,𝑠𝑝𝑎𝑐𝑒 =  
(4 ∗ 6 930) + (5 ∗ 9 240) + (3 ∗ 11 550)

4
= 27 142,5 𝑘𝑊ℎ 

GSHP electricity consumption for water heating: 

𝑊𝐺𝑆𝐻𝑃,𝑤𝑎𝑡𝑒𝑟 =  
𝑄𝑤𝑎𝑡𝑒𝑟

𝐶𝑂𝑃𝐺𝑆𝐻𝑃,𝑤𝑎𝑡𝑒𝑟
=  

∑ 𝑛ℎ𝑜𝑢𝑠𝑒 ∗  𝑛𝑝𝑒𝑜𝑝𝑙𝑒 ∗ 𝑄𝑤𝑎𝑡𝑒𝑟,𝑝𝑒𝑟𝑠𝑜𝑛

𝐶𝑂𝑃𝐺𝑆𝐻𝑃,𝑤𝑎𝑡𝑒𝑟
             (8) 

𝑊𝐺𝑆𝐻𝑃,𝑤𝑎𝑡𝑒𝑟 =  
(4 ∗ 2 ∗ 1000) + (5 ∗ 4 ∗ 1000) + (3 ∗ 5 ∗ 1000)

2,5
= 17 200 𝑘𝑊ℎ 

 

GSHP’s electricity consumption for space heating in a month depends on the heating 

need and can be divided for each month with the degree day numbers (ddn). The 

consumptions can be seen in table 8. 
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Table 8. Monthly distribution of the GSHP electricity consumption for space heating. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Muhos ddn 849 765 698 479 257 48 9 57 231 436 611 772 5213 

Ddn share 0,163 0,147 0,134 0,092 0,049 0,009 0,002 0,011 0,044 0,084 0,117 0,148 1 

WGSHP,space 

[kWh] 

4423 3983 3634 2496 1336 252 48 295 1202 2270 3183 4020 27143 

 

GSHP’s electricity consumption for water heating in a month depends on the number of 

days in a month and can be divided for each month (table 9). 

Table 9. Monthly distribution of the GSHP electricity consumption for water heating. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Days 31 28 31 30 31 30 31 31 30 31 30 31 365 

Share 0,085 0,077 0,085 0,082 0,085 0,082 0,085 0,085 0,082 0,085 0,082 0,085 1 

WGSHP,water 

[kWh] 

1461 1319 1461 1414 1461 1414 1461 1461 1414 1461 1414 1461 17200 

 

According to Motiva (2012) an electric car consumes about 0,15 kWh/km on average. A 

German magazine from automobile field, Auto Bild, has compared 17 different electric 

cars in the market which electricity consumption varied from 11,7 kWh/100 km to 17,7 

kWh/100 km and was 14,4 kWh/100 km on average (Auto Bild 2016, Tuulilasi 2016). 

Since the case Maijanlenkki area is in northern Finland it can be assumed that the 

electric cars consume more electricity because of the cold conditions and winter tires. 

External conditions affect the skid-resistance in roads and optimal car performance 

during winter time. The consumption of 0,16 kWh/km is therefore used in these 

calculations. 

Four electric car recharge stations are planned to be built in the common service 

building. Preliminary estimation of the electricity consumption for four electric cars is 

made. Two electric cars are assumed to be in families that work in the municipality of 

Muhos area (driving distance 12 km) and two in the families that work in the city of 

Oulu area (driving distance 28 km). According to the Finnish Tax Administration 

(2016) the yearly average driving amount is 18 800 km. The yearly average of 18 800 

km can be used for two cars in the families that work in the city of Oulu area (car 
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scenario 1). The driving amount for other two cars can be estimated to be about 10 000 

km in a year (car scenario 2). With this information, the electricity consumption of four 

electric cars can be calculated in table 10. 

Table 10. Yearly electricity consumption of four cars. 

 Cars Driving amount 

[km] 

Electricity 

consumption [kWh] 

Total 

[kWh] 

Car scenario 1 2 18 800 3 008 6 016 

Car scenario 2 2 10 000 1 600 3 200 

 Total 9 216 

 

The electricity consumption of four electric cars (Wcars) is divided for each month based 

by the number of days in a month (table 11).  

Table 11. Monthly distribution of the electricity consumption of the recharge for four 

electric cars. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Days 31 28 31 30 31 30 31 31 30 31 30 31 365 

Share 0,085 0,077 0,085 0,082 0,085 0,082 0,085 0,085 0,082 0,085 0,082 0,085 1 

Wcars 782,7 707,0 782,7 757,5 782,7 757,5 782,7 782,7 757,5 782,7 757,5 782,7 9216 

 

Total electricity consumption for the case Maijanlenkki area in a year is presented in 

table 12. The total electricity consumption includes household electricity, electricity 

consumed by GSHP in space and water heating and electricity consumed in the recharge 

of electric cars. 

Table 12. Total electricity consumption [kWh] of the case Maijanlenkki area. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Whh 6234 5626 5173 4863 4442 3876 3910 4121 4388 4822 5274 6470 59200 

WGSHP,space 4423 3983 3634 2496 1336 252 48 295 1202 2270 3183 4020 27143 

WGSHP,water 1461 1319 1461 1414 1461 1414 1461 1461 1414 1461 1414 1461 17200 

Wcars 782,7 707,0 782,7 757,5 782,7 757,5 782,7 782,7 757,5 782,7 757,5 782,7 9216 

Wtotal 12901 11635 11051 9529 8022 6300 6202 6660 7761 9336 10628 12734 112759 
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The electricity consumption of the whole case Maijanlenkki area is 112 759 kWh in a 

year. Basic electricity consumption is 59 200 kWh in a year which is 52,5 percent of the 

whole consumption. The share of electricity consumption in space and water heating is 

39 percent. Most electricity is consumed between November and March and least 

between June and August. 

6.4 Scenarios for peak shifting 

Consumption profiles from real measured data of the OCTES project (2012) for the case 

Maijanlenkki are made to evaluate better the sizing of the energy technologies and to 

compare different aspects. The consumption peaks can be seen from the profiles. By 

forming enough consumption profile scenarios a weighed consumption profile for the 

whole case Maijanlenkki area can be made and the need for the peak shifting can be 

more reliably evaluated. Also the structure of families is evaluated to take the variability 

into account. The adaptability of the technologies and buildings is an important factor 

when the structure of family changes in times when children grow up and move away or 

when the house is sold to another family. The consumption profiles are formed for each 

kind of household with the household electricity consumption estimated in chapter 6.3.  

The two semi-detached houses will contain four 90 m
2
 apartment for couples. Two 

scenarios about couples are examined so that less consuming households are taken into 

account. The mean daily electricity consumption for couples is 10,96 kWh. The basic 

characteristics of couple scenarios can be seen in table 13 and the consumption profiles 

in figures 11 and 12. 

Table 13. Scenarios for couples living in 90 m
2
 semi-detached houses. 

Key elements Four couples; two couples in work life, two couples retired 

Scenario 1.1 Couple in work life, peaks in consumption before and after work and in the 

evening, shower every day, sauna once a week, one car 

Scenario 1.2 Retired couple, peaks in consumption in the morning, afternoon and early 

evening, more constant consumption, shower and sauna every other day, no car 
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Figure 11.  Possible consumption profile of the couple in work life, scenario 1.1. 

 

 

Figure 12.  Possible consumption profile of a retired couple, scenario 1.2. 

 

The five 120 m2 size detached houses will be for four-person families. Two scenarios 

about these families are examined so that different kinds of families with basic size are 

taken into account. The mean daily electricity consumption for four-person families is 

13,97 kWh. The basic characteristics of these family scenarios can be seen in table 14 

and the consumption profiles in figures 13 and 14. 
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Table 14. Smaller families living in 120 m2 detached houses 

Key elements Five families; three families with school aged children, two families with a 

baby and a school aged child 

Scenario 2.1 Parents in work life, two children in school or daycare, peaks in consumption 

before work and school, after school, after work and in the evening, shower 

once a day, sauna twice a week, one car 

Scenario 2.2 One parent in work life, other parent at home with a baby, one child in school 

or daycare, peaks in consumption before work and school, in forenoon, in 

afternoon, after work and in the evening, more constant consumption, all 

shower once a day, baby bath, sauna once a week, two cars 

 

 

Figure 13.  Possible consumption profile of the basic four-person family, scenario 2.1. 

 

 

Figure 14.  Possible consumption profile of a four-person family with a baby, scenario 
2.2. 
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The three 150 m2 size detached houses will be for five-person families. Two scenarios 

about these families are also examined so that larger families with possibly more 

changing consumption are taken into account. The mean daily electricity consumption 

for five-person families is 16,16 kWh. The basic characteristics of these family 

scenarios can be seen in table 15 and the consumption profiles in figures 15 and 16. 

Table 15. Larger families living in 150 m2 detached houses 

Key elements Three families; two families with two school aged children and one 

teenager, one family with baby, daycare aged child and school aged child 

Scenario 3.1 Parents in work life, two children and a teenager in school, peaks in 

consumption before work and school, after school, after work, early in the 

evening and late in the evening, multiple smaller peaks in the morning and 

evening, all shower once a day, teenager maybe twice a day, sauna twice a 

week, one car, maybe a scooter 

Scenario 3.2 One parent in work life, other parent at home with a baby, one child in 

daycare, one child in school, peaks in consumption before work and school, in 

forenoon, in afternoon, after work and in the evening, more constant 

consumption, all shower once a day, baby bath, sauna twice a week, two cars 

 

 

Figure 15.  Possible consumption profile of a five-person family with a teenager, 
scenario 3.1. 
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Figure 16.  Possible consumption profile of a five-person family with a baby, scenario 
3.2. 

 

All of the above consumption profiles can be seen in figure 17. The similarities can be 

seen in the morning, midday and in the evening.  

 

Figure 17.  Consumption curves of each scenario. More detailed description of each 
scenario can be seen from tables 13, 14 and 15. 
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A combined consumption profile can be made for the case area. Each scenario's curve 

can be weighted by the amount of households the curve represent and then combined to 

form one consumption profile. The figure 18 represents the consumption profile for 

Maijanlenkki area including three babies, two teenagers, 14 school aged or daycare aged 

children, four retired and 20 adults, total of 43 residents living in 12 households (eight 

detached and 2 semi-detached houses). 

 

Figure 18.  Weighed daily consumption profile combined from each scenario 

multiplied by the amount of households they represent. 

 

It can be seen that the daytime peaks even out in a multiple household area but the 

evening peaks do not. The most noticeable peak happens in the evening as most of the 

households probably watch television, use a computer and washing machines are on. A 

smaller peak can be seen in midday between 10:30 and 13:30 as people make lunch at 

home or children come home from school. Most of the peak shifting is obviously 

needed for the evening peak. The consumption should be shifted as much as possible to 

the time when solar electricity production is at its highest. This weighed combined 

consumption profile helps to evaluate the sizing of the solar PV system and the need for 

the energy storage system in the next chapter. 

 

0

2

4

6

8

10

12

K
W

H
 



77 

 

 

7 SIZING OF THE ENERGY TECHNOLOGIES 

The sizing of the planned energy technologies is made in this chapter. The GSHP 

system will be sized by calculations. Information is obtained from literature and earlier 

researches. The solar PV system will be modelled with multiple scenarios of different 

panel angles and amounts to examine what kind of system would be most suitable for 

the case Maijanlenkki.  

7.1 Ground source heat pump 

When implementing a ground source heat pump system into a building, both heat pump 

and the borehole need to be sized. The dimensional output (design power) of the pump 

and depth of the borehole is calculated based on the heating need of the building. The 

sizing of the GSHP technology will be based on literature sources; two thesis and a 

guide made by GSHP producer. The borehole depth estimations can be seen from table 

16. 

Table 16.  Borehole depths for different houses. Calculated from Kilpijärvi (2015) and 

Leppharju (2008). 

Reference Energy from 

borehole 

[kWh/m] 

Detached 

house 120 m
2
 

borehole 

depth [m] 

Detached 

house 150 m
2
 

borehole 

depth [m] 

Semi-detached 

house 180 m
2
 

borehole 

depth [m] 

Kilpijärvi 

(2015) 

106 124,9 156,1 168,5 

Leppäharju 

(2008) 

100 132,4 165,5 178,6 

 

As can be seen from the table 16, the estimated depths of the boreholes are 130 meters 

for 120 m
2
 houses, 160 meters for the 150 m

2
 houses and 180 meters for the 180 m

2
 

semi-detached houses. It is reasonable to size the depth of the semi-detached houses’ 

boreholes a bit deeper since it has to be able to cover the variation in consumption for 

two households. The borehole depth for each house in actual scale can be seen in figure 
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19. The boreholes should have enough distance between each other so that they don’t 

deplete too much heat from a too small area which would degrade the heat storage of 

the soil too fast (Leppäharju 2008). 

 

Figure 19.  GSHP system borehole depths in the case Maijanlenkki area. 

 

For new buildings the exact and detailed sizing will be made by HVAC professional 

from heat loss calculations. The design power of the heat pump can still be roughly 

estimated, since a low energy house consumes about 11 W/m
3
 in the altitude of Muhos. 

This value is used in renovation and corrected by a multiplier depending on the age of 

the building. (Nibe 2011) Since this case is about new buildings, no multiplier is used. 

The height of 2,7 meters it used for the buildings. 

For 120 m
2
 house: 11 W/m

3
 * 2,7 m * 120 m

2
 = 3 600 W = 3,6 kW 

For 150 m
2
 house: 11 W/m

3
 * 2,7 m * 150 m

2
 = 4 500 W = 4,5 kW 
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For 180 m
2
 semi-detached house: 11 W/m

3
 * 2,7 m * 180 m

2
 = 5 300 W = 5,3 kW 

Calculated design powers seem reasonable. In case that semi-detached house residents 

want their own heat pumps the design power needed is 2,7 kW. 

7.2 Solar photovoltaic 

Careful and complete sizing of the solar PV system is very important in North due to the 

short summer and long winter periods. A very large amount of the production happens 

during summer when the Sun shines around the clock at best. During winter the 

production is very minimal and the Sun shines from a low angle which also causes 

shading losses. It is reasonable to size the system appropriately so that the self-produced 

electricity is utilized in the eco-district area as much as possible. 

Solar electricity production can be evaluated by calculations or by modelling. 

According to the directions of the Building Code of Finland (Ministry of Environment 

2012b) the production of electricity by a solar panel can be calculated by the following 

equation: 

𝑊𝑃𝑉 =  
𝐺𝑠𝑢𝑛 ∗ 𝑃𝑚𝑎𝑥 ∗  𝐹𝑢𝑠𝑒

𝐼𝑟𝑒𝑓
               (9) 

where, WPV = electricity production of the PV in a year, kWh/a 

 Gsun = solar radiation energy to PV in a year, kWh/m
2
/a 

 Pmax = maximum electric power produced by PV in reference radiation, 

kW 

 Fuse = use coefficient 

 Iref = peak electric power produced in reference radiation, kW/m
2 

Since Gsun = Gsun,hor * F1 * F2 and Pmax = Kmax * APV the equation can be written as: 
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𝑊𝑃𝑉 =  
𝐺𝑠𝑢𝑛,ℎ𝑜𝑟 ∗  𝐹1 ∗  𝐹2  ∗ 𝐾𝑚𝑎𝑥 ∗  𝐴𝑃𝑉  ∗  𝐹𝑢𝑠𝑒

𝐼𝑟𝑒𝑓
            (10) 

where, Gsun,hor = solar radiation energy to horizontal PV in a year, kWh/m
2
 

 F1 = direction coefficient 

 F2 = inclination coefficient 

 Kmax = panel peak efficiency, kW/m
2 

 APV = area of the PV, m
2
 

The solar PV electricity production for the pilot will be modelled by using SketchUp 

(Trimble SketchUp 2017) and a Skelion extension (Skelion 2017) programs. In 

SketchUp the houses for the model are built to represent a real scenario. Map of the 

Maijanlenkki is uploaded into the program and the houses of different size are 

implemented in each plot. The actual geolocation of the model is also entered into the 

program. The roofs of the houses are built with the pitch of 30 degrees which is close to 

the ratio of 1:2 as mentioned in the town plan of Päivänpaisteenmaa. For the common 

service building a more steep pitch is possible since it has more than one floor. The ratio 

of the roof is 1:1.5 which is close to 34 degree pitch.  

With Skelion solar panels are inserted into the roofs. Skelion has a database from which 

a large number of different panels and models from multiple producers can be chosen. 

A maximum amount or a certain number of panels can be implemented into the roofs. 

Also the azimuth and tilt can be chosen. In this model the azimuths are kept same as the 

direction of the roofs. Scenarios with two panel tilts are modelled in this thesis; parallel 

with the roof pitch and 45 degrees. Skelion calculates the shading losses for each panel 

and the panels with most shading losses can be removed. 

Skelion calculates the electricity production for each panel group from a real weather 

and radiation data. In Skelion the meteorological data can be obtained from PVGIS 

database and the closest location the program offers is the city of Tampere which is 400 
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kilometers from the pilot location. Other method is to upload own meteorological data 

file into Skelion as TMY format (Total Meteorological Year). 

More appropriate meteorological data can be acquired from the open data service 

offered by Finnish Meteorological Institute (FMI). The closest weather station where all 

needed radiation parameters are measured is located in Sotkamo Kuolaniemi which is 

140 kilometers from the pilot. Weather and radiation data are also measured in Oulu 

Vihreäsaari station excluding the diffuse solar radiation (DIFF) that is needed to 

calculate the direct solar radiation (DIR). (FMI 2017b) This means that the DIFF data 

from Sotkamo Kuolaniemi station has to be used to calculate the DIR in Oulu. Since 

Oulu Vihreäsaari station is located only 28 kilometers from the pilot its data represents 

well the actual conditions. Since DIR for Oulu is calculated from DIFF of Sotkamo, the 

modelling is made with both data sets to get more comprehensive modelling results. The 

effect of the weather data location to the yearly electricity production can be seen in 

figure 20. All modelling scenarios will be made with 280 W monocrystalline panels. 

 

Figure 20.  Yearly electricity production in Tampere, Oulu and Sotkamo modelled 

with Skelion from three different weather data. 
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7.2.1 Oversized system with maximum capacity 

Four scenarios with maximum amount of panels were modelled first with both Oulu and 

Sotkamo meteorological data and with tilts of 30°/34° and 45°. Figure 21 represents the 

roof numbers and maximum amount of panels with 30°/34° roof pitch and parallel 

panels. The modelling results of the four scenarios can be seen in table 17. 

 

Figure 21.  Figure of the pilot Maijanlenkki in SketchUp (2017). Each house has a 

maximum number of 280 W solar panels. 

 

Table 17. Modelling results of the maximum capacity scenarios. 

 Nº 

panels 

Tilt 

(°) 

Power 

(KWp) 

Yield 

(kWh/kWp) 

Shading 

loss (%) 

Production 

(kWh/a) 

Utilized 

(kWh) 

Surplus 

(kWh) 

Covers 

(%) 

O
u

lu
 494 30/34 138,32 764,68 5,25 105769 65497,5 40271,5 58,1 

360 45 100,8 778,37 5,88 78421,3 60178,8 18242,5 53,4 

S
o

tk
a

m
o

 494 30/34 138,32 740,24 8,41 102366,5 64542 37824,5 57,2 

360 45 100,8 747,32 9,66 75311,4 59228,9 16082,5 52,5 

 

With the tilt of 30°/34° the maximum number of panels is 494. The maximum number 

of panels decreases by 134 when the tilt is steeper which affects directly the amount of 

produced energy. Even though there is a bit more shading loss in the 45° scenarios the 

yield is better with the steeper tilt of 45°, more information in chapter 4.5. The 

electricity production significantly exceeds the consumption between April and August 
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in every scenario, as can be seen from figure 22. The systems with 494 panels with 

30°/34° tilt produce around 84 percent of the needed electricity in March and around 96 

percent in September. The systems with 360 panels with 45° tilt produce around 66 

percent of the needed electricity in March and 72 percent in September. It can be said 

the pilot area would be producing all of its electricity in a six month time period from 

mid-March to mid-September. 

 

Figure 22.  Electricity production of four maximum capacity scenarios and electricity 

consumption curve. 

 

The amount of produced surplus electricity in the area during six months is 16 000 – 

40 000 kWh with the maximum capacity scenarios. The surplus electricity in summer 

will be partly used in the common service building but most of the electricity will have 

to be released to the grid, depending on the capacity of the energy storage system. In 

these scenarios, the amount of electricity would be enough to use GSHP system for 

cooling which would enable the storing of heat for winter and would improve the 

borehole’s efficiency and life cycle.  
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7.2.2 Optimal capacity system 

Four scenarios with the most optimal panels are modelled in this chapter. The panels 

with the most shading losses were removed from the maximum capacity system. The 

shading losses were limited to 5 percent and all panels exceeding it were removed. The 

results are in table 18. 

Table 18. Modelling results of the optimal capacity scenarios. 

 Nº 

panels 

Tilt (°) Power 

(KWp) 

Yield 

(kWh/kWp) 

Shading 

loss (%) 

Production 

(kWh/a) 

Utilized 

(kWh) 

Surplus 

(kWh) 

Covers 

(%) 

O
u

lu
 398 30/34 111,44 797,16 0,99 88912,27 60988,6 27923,7 54,1 

286 45 80,08 815,93 1,13 65324,4 56358,4 8966 50,0 

S
o

tk
a

m
o

 

364 30/34 101,92 799,21 0,68 81447,57 58924,9 22522,7 52,3 

266 45 74,48 816,46 0,82 60854,1 56058,5 4795,65 49,7 

 

The number of panels decreased by 94 – 130 but also the shading losses dropped over 8 

percentage points at best. This improved the yield of the system and decreased 

remarkably the amount of surplus electricity. This naturally decreased also the 

production and the utilized electricity but still all scenarios cover at least half of the 

yearly electricity consumption. It is notable that even though there is 98 or 112 panels 

less in the 45° tilt scenarios compared to the 30°/34° tilt scenarios the difference in 

covered electricity is only 4,1 percentage points at most. As can be seen from figure 23, 

the electricity production significantly exceeds the consumption from April till August 

in all but one scenarios. In the 45° tilt scenario with 266 panels the system produces 90 

percent of the needed electricity in April. The systems with 30°/34° tilt produces around 

68 percent of the needed electricity in March and around 79 percent in September. The 

systems with 45° tilt produce around 54 percent of the needed electricity in March and 

59 percent in September. It can be said that the pilot area is self-sufficient a bit over five 

months in these scenarios.  
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Figure 23.  Electricity production of four optimal capacity scenarios modelled in 

Skelion and the electricity consumption curve of the case Maijanlenkki area. 

 

The amount of surplus electricity is still quite high in the 30°/34° tilt scenarios and 

would be more than enough for common service building electricity consumption and 

GSHP cooling in the summer. Rest of the surplus electricity would still have to be 

released to the grid. In the 45° tilt scenarios the surplus electricity would be mostly 

utilized in the common service building and there would still also be enough for GSHP 

cooling. The amount of electricity released to the grid would be quite little. 

To get a comprehensive picture of the effect of the tilt two more scenarios are modelled 

with 30°/34° tilt that have as many panels as in the 45° tilt scenarios. These scenarios 

are compared in table 19. 

Table 19. Comparing 45° and 30°/34° tilt with same amount of panels in each. 

 Nº 

panels 

Tilt (°) Power 

(KWp) 

Yield 

(kWh/kWp) 

Shading 

loss (%) 

Production 

(kWh/a) 

Utilized 

(kWh) 

Surplus 

(kWh) 

Covers 

(%) 

O
u

lu
 286 45 80,08 815,93 1,13 65324,4 56358,4 8966 50,0 

286 30/34 80,08 804,43 0,33 64424,4 53907 10517,4 47,8 

S
o

tk
a

m
o

 266 45 74,48 816,46 0,82 60854,1 56058,5 4795,65 49,7 

266 30/34 74,48 805,08 0,21 60015,8 52077,4 7938,4 46,2 
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When comparing the same amount of panels with 45° and 30°/34° tilt, it can be seen 

that 45° tilt is slightly better; it has slightly better yield despite of the bit higher shading 

loss, a bit more production in a year from which more can be self-utilized, it covers 

more of the yearly electricity consumption and the amount of surplus electricity is 

smaller. The production of the 45° system is only marginally higher than the 30°/34° 

system from September to April and lower from May to August (figure 24). This 

explains the better utilization rate and also decreases the surplus production in summer.  

 

Figure 24.  Comparison of the electricity production between two same size systems 

in same conditions with different tilts and Oulu meteorological data. 

 

Even though the 45° system seems better the difference in electricity that can be utilized 

is only around 200 kWh in a year per household. With the 45° panel system there are 

maintenance and economic issues that negate the benefit of the slightly better 

production. These issues are discussed more in chapter 7.2.4. 

The 30°/34° panel system is chosen for further examination. The division of the 

production between houses is dependent on the amount of panels there are in each roof. 

The amount of panels and their production can be seen from table 20. 
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Table 20. Amount of solar panels and their production in each roof in optimal system. 

House 1 2 3 4 5 6 7 8 9 10 11 12 13 Sum 

Oulu 

optimal 

30 30 30 30 7 4 8 10 34 11 32 40 20 286 

E 

[kWh/a] 

6833 6833 6833 6833 1539 884 1764 2205 7496 2506 7289 9111 4297 64424 

Sotkamo 

optimal 

30 30 30 30 4 4 9 7 31 5 26 40 20 266 

E 

[kWh/a] 

6842 6842 6842 6842 884 884 1990 1547 6853 1140 5930 9123 4295 60016 

 

As can be seen from table 20, the most optimal houses for the solar electricity 

production are houses 1-4, 9 and 11-13. This means that part of the electricity from 

these houses will have to be shifted into houses 5-8 and 10. The electricity could be 

shifted through common service building that should have meters to follow electricity 

production and consumption. This issue will be discussed more in chapter 7.2.4. 

7.2.3 Individual solution 

Individual scenarios will be modelled in addition to the optimal scenarios. In individual 

scenarios the panels are divided more equally between houses (table 21) so that 

electricity would not have to be shifted from better producing houses to the houses with 

fewer panels. The panels in individual scenarios are placed so that the shading losses are 

minimized and that the panels are in clusters (figure 25). 

Table 21. Amount of panels in each roof in individual system. 

House 1 2 3 4 5 6 7 8 9 10 11 12 13 Sum 

Individual 1 18 18 18 18 19 22 23 18 20 20 18 20 20 252 

Individual 2 18 18 18 18 18 18 18 18 18 18 18 18 20 236 
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Figure 25.  System with a panel composition of “Individual 1” (see also table 21). 

 

The modelling results of the individual scenarios from Oulu and Sotkamo weather data 

can be seen in table 22. 

Table 22. Modelling results of the individual scenarios. 

 Nº 

panels 

Tilt 

(°) 

Power 

(KWp) 

Yield 

(kWh/kWp) 

Shading 

loss (%) 

Production 

(kWh/a) 

Utilized 

(kWh) 

Surplus 

(kWh) 

Covers 

(%) 

O
u

lu
 252 30/34 70,56 793,01 1,43 55903,87 50031,67 5872,2 44,4 

236 30/34 66,08 792,9 1,39 52397,87 48190,67 4207,2 42,7 

S
o

tk
a

m
o

 252 30/34 70,56 768,35 4,47 54182,17 49123,97 5058,2 43,6 

236 30/34 66,08 768,69 4,32 50855,57 47371,37 3484,2 42,0 

 

Individual 1 solution (252 panels) produces about 8 500 kWh less electricity than the 

optimal solution (table 19) with 34 less panels. Even though the production is smaller 

the difference in utilized energy is only 3 875 kWh. The amount of surplus electricity is 

4 645 kWh smaller in individual solution. The optimal capacity system covers 47,8 

percent of the yearly electricity consumption of the area where individual system covers 

44,4 percent. The difference between optimal and individual solutions can be seen in 

figure 26. 
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Figure 26.  The difference in production between optimal and individual solution with 

236 panels in each. 

 

In the smaller individual 2 scenario there are 16 panels less than in the individual 1 

scenario. Difference in electricity production is 3 506 kWh, in utilized electricity 1 841 

kWh and in surplus electricity 1 665 kWh. The individual 1 scenario covers 44,4 

percent and individual 2 scenario 42,7 percent of the yearly electricity consumption of 

the area. The differences between individual solutions are not so big than between the 

optimal and individual solutions. The suitability of the scenarios for this case is 

examined in the next chapter. 

7.2.4 Suitable solar PV system for the case Maijanlenkki 

Appropriately sized and planned solar PV system is efficient, economical and requires 

less maintenance. In this chapter the modelled scenarios are compared and the most 

reasonable solution chosen. For the chosen solar PV system also economical payback 

time is calculated in chapter 9.3. 

The first scenarios modelled were maximum capacity systems with as much as 494 

solar PV panels. The amount of surplus electricity was huge; as much as 40 000 kWh in 

a six month period. This large solar PV system would cost a lot and have too long 
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payback time because of the very low compensation for the electricity released to the 

grid. Minimizing the shading losses cut the amount of panels with almost 100.  

In chapter 7.2.2 the 30°/34° and 45° systems were compared at optimal capacities. At 

first the 45° system might seem better; it produces more electricity that can be utilized, 

has less surplus electricity and produces more in winter and less in summer than the 

30°/34° system. This means about 200 kWh more utilized energy per household in a 

year. The 45° system requires a mounting system which allows the snow to accumulate 

under the panels. The snow causes load to the mounting structures and needs to be 

removed regularly which causes more maintenance costs and affects the durability and 

lifetime of the mounting structures. Because the benefit is not worth the additional costs 

and risks the 30°/34° tilt was chosen to be modelled further. 

In optimal scenario the panels were divided unequally and into places that had least 

shading losses. To avoid the inequality between houses the individual scenarios were 

examined and compared to the optimal capacity scenarios. The difference in surplus 

electricity between optimal and individual scenarios is more than the difference in 

utilized electricity, so the individual solution seems more reasonable. All surplus 

electricity is produced in summer months and utilized in the common service building. 

In individual scenarios this summer time surplus is 4 200 – 5 900 kWh which is more 

than enough for common service building between May and August. Even with the 

smaller individual 2 scenario part of the electricity produced in summer will have to be 

released to the grid depending on the energy storage system capabilities. 

When all roofs have the same size system, the houses 1-4 and 10-12 (see figure 25) 

produce slightly, 182,3 – 316,9 kWh/a, more electricity than the other houses, excluding 

the common service building which have two more panels. Depending on the 

functionality of the resident group, it would be reasonable to negotiate if the best roofs 

could have more panels and the electricity could be shifted to houses with fewer panels.  

When comparing the two individual scenarios, the larger individual 1 scenario seems 

better when looking at the production and yearly coverage, but individual 1 also 

produces 1 665 kWh more surplus electricity. Because the aim of this thesis is to plan 

an efficient and compact solution, choosing a scenario that produces least surplus 
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electricity is justified. In figure 27 the individual 2 scenario’s daily electricity 

production in summer and the weighted consumption profile of the case Maijanlenkki 

area are presented. 

 

Figure 27.  Electricity production of Individual 2 modelling scenario in summer day 

and daily weighed consumption profile of the case Maijanlenkki area. 

As can be seen from figure 26, even the individual 2 scenario can be said to be quite 

large system for the area of 43 residents. In summer between 4 am and 16 pm the 

production exceeds the consumption tremendously and this electricity should be utilized 

as much as possible at time it is produced. This means timing multiple things such as 

charging the electrical cars or the usage of household appliances in these hours. In 

addition the peak shifting system is essential for this large solar PV system to be 

efficient.  

Peak shifting requires energy storage systems and smart control. Hybrid storage is a 

combination of different batteries to achieve required functionality. One proposition 

could be to implement a combined flow and LA battery system in the common service 

building of the case Maijanlenkki area. Flow battery could be used as constant storage 

because of its fast response time and no-discharge qualities and electricity could be 

charged and discharged easily. LA batteries could work as support when electricity is 

needed to be stored more because of a high production or a holiday season. LA batteries 

could store the electricity a bit longer than flow batteries and it would also be beneficial 

for their lower cyclic lifetime. 
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7.3 E-value of the buildings 

As was examined in chapter 4.2, E-values are needed to be calculated for every new 

building. U-value represents the thermal transmittance through structures. Table 23 

shows the required and guideline U-values of certain house structures. These values are 

used to calculate E-value for the case Maijanlenkki houses utilizing the technologies 

examined in this thesis. 

Table 23.  U-values (required minimum and low energy building guideline values) of 

the main structures of houses. (Ministry of Environment 2012a, Motiva 2016) 

Structure U-value [W/m
2
K] 

requirement in D3 (2012) 

U-value [W/m
2
K] guidelines 

in Motiva (2016) 

Walls 0,17 0,12 

Roof 0,09 0,08 

Floor 0,16 0,12 

Windows, doors 1,0 0,8 

Other parameters, such as efficiency of the ventilation system, nominal electric power 

of the ventilation system and air tightness value, for the E-value calculator was acquired 

from Motiva (2016) for a low energy building. 2,7 meters was used as a height of the 

buildings. COP value of GSHP used for space heating was 4 and for water heating 2,5. 

Service water tank size of 200 liters with 40 mm insulation was chosen. Other 

parameters were left as default. Lastly, a yearly produced electricity of a certain size 

solar PV system was entered into the calculator. The results can be seen in table 24. 

Table 24.  E-values for different houses with solar electricity production. Calculated 

with E-value calculator by Puuinfo (2016). 

House size [m
2
] 90/180 120 150 

Solar electricity [kWh] 4 095 / 8 190 4 290 4 585 

E-value [kWh/m
2
/a] 68/63 67 65 

The E-value of each house is tremendously under the limit allowed in legislation, which 

is 204 kWh/m
2
 for houses under 120 m

2
 (Ministry of Environment 2012a). E-values are 

only 5 – 8 kWh/m
2
 bigger than the low energy house E-value limit in southern Finland 

(Motiva 2017a). 



93 

 

 

8 WASTE MANAGEMENT SOLUTION 

Waste management requirements and basic definitions on EU scale are presented in the 

Waste Framework Directive. Finland’s Waste Act is based on the directive and it also 

includes decrees about waste treatment, waste recovery and specific waste types, 

products and activities. Waste hierarchy definition of EU is followed in the Finnish 

Waste Act (figure 28). The primary aim is to avoid producing waste. If waste is 

produced, the primary aim is to re-use it and secondly recycle it. Re-use means that a 

product or a part of it is prepared to be used again as it is. Recycling means that the 

waste is circulated back to the production process as raw materials for the original or 

other purpose. The next level of the hierarchy is the recovery of waste either as 

materials or as energy by incineration. Finally, the waste is landfilled if recovery isn’t 

technically or financially feasible. (Europa 2016, Finlex 2017d, Borgström & 

Koivurova 2016)  

 

Figure 28.  Waste hierarchy in EU’s Directive 2008/98/EC on waste. 

 

The Waste Framework Directive requires member countries to formulate a national 

waste plan about national targets and measures for waste management and prevention of 

production of waste. A new National Waste Plan for year 2023 in Finland will 
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concentrate on construction waste, biodegradable waste, municipal waste and electric 

and electronic waste. In addition the waste plan sets aims in waste prevention for year 

2030. (Ministry of Environment 2018)  

When implementing a waste management system to a neighborhood people should aim 

towards no waste –principle through recreation, redesign and rethinking. This kind of 

change in behavior would lessen the need for inefficient and potentially harmful 

landfills as a waste management strategy. Principles of industrial ecology and life cycle 

assessment should be a part of everyday life in ecological district. (Hallsmith 2003) 

In Kangasalan Yhteiskylä things such as clothes are re-used among families. They have 

separate space with shelves in their waste shelter where everyone can bring their 

belongings they don't need anymore. They also recycle magazines between families and 

magazines go around from mailbox to mailbox for everyone to borrow. (Palttala & Erat 

2009) 

8.1 Waste management regulations 

The waste management regulations are regional and mandatory. The regulations for a 

certain region are prepared by a local waste management authority. Waste management 

regulations help and guide households towards functional and environmentally friendly 

waste management by preventing of danger and harm for health or environment. By 

following the principles of sustainable development the aim is to reduce the amount and 

harmfulness of the waste. The community committee of the city of Oulu is the 

responsible authority of the waste management of the municipality of Muhos. The 

supervision of the waste management regulations belongs to the Environment Office of 

Oulu and the Centre of Economic Development, Transport and the Environment (ELY-

centre) of Northern Ostrobothnia. The practical implementation of the waste 

management belongs to Kiertokaari Ltd., previously Oulu Waste Management Ltd. 

(OWM, In Finnish: Oulun Jätehuolto Oy). (City of Oulu 2014) From the start of the 

year 2019 the waste management operator in the municipality of Muhos is no longer 

Kiertokaari Oy and the responsible company will be Kempeleen Jätekuljetus Oy 

(Kiertokaari 2018). 
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Municipalities and certain manufacturers have a responsibility to organize waste 

management. Recyclable paper, packaging, electronic equipment and batteries belong to 

the producer responsibility. Producer responsibility means that the producer has to 

organize a waste management for products it brings to the market. Households pay 

waste charge to cover the expenses of the waste management, facilities and guidance. 

The public is encouraged to reduce and utilize waste by the waste charge and that is 

why in many municipalities the waste charge is smaller if the waste is sorted properly. 

(Borgström & Koivurova 2016) Residents can be obligated to be involved in a certain 

kind of waste management in the plot contract (Runsten 2014).  The municipality waste 

management covers the waste produced in residences and its collection, transportation, 

receiving and treatment. The owner of the property has to arrange a waste collection 

point and order transportation. Municipality’s building ordinance has to be taken into 

account when locating the collection containers. (City of Oulu 2014) The building 

ordinance of Muhos (2015a) states that enough space should be allocated for the waste 

management.  

Waste management during construction has to be also arranged by following Waste Act 

and Waste Degree. When planning and executing the building construction project 

waste should be produced as little as possible and it should be as harmless as possible. 

(City of Oulu 2014) 

Garden waste is not collected in the collection point and people have to bring the garden 

waste to the waste station if it is not composted (City of Oulu 2014). Kiertokaari Ltd 

distributes garden waste coupons with the yearly published waste guide which can be 

used to bring one trailer of garden waste to the station for free (OWM 2017). 

8.2 Waste generation 

According to OWM (2015) the amount of domestic waste received to the OWM station 

was 112 950 tons in 2015 from which the share of recyclables were about 29 167 tons. 

Since garden waste is not collected and it has to be delivered to the waste station by 

residents, it is reduced from the waste amounts used to size collection containers. The 

amount of habitants in the operating region of OWM was 299 103 in 2015 (OSF 

2017b). Therefore the amount of waste was 340,6 kg per person in year 2015. The data 
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about the amounts of different wastes in 2012 have been acquired from OWM Ltd. The 

amounts of different waste categories are specified in table 25. 

Table 25. The amounts of different wastes calculated from Oulu Waste Management 

Ltd. (2012 & 2015) for the region of Oulu. 

Waste type Share 

[%] 

Amount 

[kg]   

(OWM 

2012) 

Amount 

[kg/a/p] 

(OWM 

2012) 

Share 

[%] 

Amount 

[kg]   

(OWM 

2015) 

Amount 

[kg/a/p] 

(OWM 

2015) 

Bio-waste 10,1 10 040 000 35,2 10,3 10 500 000 35,1 

Metal 1,2 1 178 500 4,13 1,32 1 341 667 4,5 

Glass 1,0 1 047 377 3,67 1,8 1 866 667 6,25 

Paper 4,1 4 078 100 14,28 3,3 3 325 000 11,1 

Carton & 

Cardboard 

1,0 993 500 3,48 1,03 1 050 000 3,5 

Total 

recyclables 

17,4 17 337 477 60,7 17,75 18 083 334 60,5 

Combustible 

waste 

82,6 82 107 163 287,5 82,25 83 783 333 280,1 

Total 100 99 444 640 348,2 100 101 866 667 340,6 

 

As can be seen from the table 4, the bio-waste is clearly the most common waste type of 

the recyclables. Paper covers a share of fair tenth of the recyclables. The rest of the 

recyclables is glass, metal and cardboard. The share of recyclables from total waste 

amounts is between 17 and 18 percent. Even though the amount of waste increases as 

the population of the Oulu region increases, the amount of produced waste per person 

has decreased. The increased recycling demand of plastic (Suomen Uusiomuovi Oy 

2017) can potentially lessen the amount of combustible waste in the future. 

The numbers presented in previous table 25 don’t include the waste collected by private 

waste collector operators and operators from the producer responsibility sector. OWM 
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(2012) has calculated estimations about the waste amounts that are likely closer to the 

realistic waste amounts on average. The amounts of received wastes in the OWM 

station and the calculated estimations of waste per person per year are compared in table 

26.  

Table 26. Comparison of the waste statistics. (OWM 2012, 2015) 

Waste type Amount [kg/a/p] 

(OWM 2012) 

Amount [kg/a/p] 

(OWM 2015) 

Estimated amount 

[kg/a/p] (OWM 

2012) 

Bio-waste 35,2 35,1 35,2 

Metal 4,13 4,5 8,3 

Glass 3,67 6,25 11,0 

Paper 14,28 11,1 42,8 

Carton & 

Cardboard 

3,48 3,5 10,4 

Total recyclables 60,7 60,5 107,7 

Combustible 

waste 

287,5 280,1 287,5 

Total 348,2 340,6 395,2 

 

As can be seen, the amounts of combustible waste and bio-waste are the same size in 

the received and estimated waste. This is because all the combustible waste and bio-

waste goes through Kiertokaari/OWM; combustible waste goes to the Laanila 

incineration power plant in Oulu and bio-waste goes to the Gasum Ltd. in OWM station. 

(OWM 2015) The larger waste amounts in the estimations considering metal, glass, 

paper and carton and cardboard can be explained by the producer responsibility. Only a 

part of the recycled paper goes through OWM so the exact numbers are hard to come 

by. 

As implemented in the waste management regulations, the producer is required to 

organize collection and transport of its products into treatment facility or a factory 

buying the recyclable. For example, most of the paper is collected by Paperinkeräys 

Ltd., which biggest owners are Stora Enso Plc., UPM-Kymmene Plc. and Metsä Board 
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Plc. Recycled paper is treated into new materials or products in the facilities. 

(Paperinkeräys 2014) 

8.3 Collection point 

As stated in the waste management regulations (City of Oulu 2014), the waste collection 

point has to be in accordance with the building ordinance. The space for the waste 

collection has to be allocated in the building permit. The collection and transportation 

demands have to be taken into account when choosing the location of the collection 

point. The containers should not be put in common areas and are recommended to be in 

separate building or shelter. The containers or their structures should not compromise 

fire safety, cause harm to residents or disfigure environment. (Municipality of Muhos 

2015a) 

The sizing of the containers is done based on the average amount of waste generated in 

the region of Oulu reviewed in the previous chapter’s table 25. The estimated waste 

amounts acquired from OWM are used to size the containers for the collection point. 

There is going to be about 43 habitants in the households and the waste amounts of the 

eco-district are calculated for one year and one week. The containers are chosen so that 

their use is as effective as possible while following the regulations about emptying 

frequency stated in waste regulations of Oulu (2014). Container sizes were 

approximated by volumes and weight limits in Jäkki waste containers (L&T 2013) and 

volume weights of the different waste types (City of Oulu 2015, City of Oulu 2017, JLY 

2016, HSY 2014). The results are in table 27. 
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Table 27. Annual waste amounts, container sizes and emptying frequencies. 

Waste type Amount 

[kg/a/p] 

Case 

area 

total 

[kg/a] 

Case 

area 

total 

[kg/wk] 

Volume 

weight 

[kg/m
3
] 

Containers 

[l] 

Emptying 

Bio-waste 35,2 1 513,6 29,1 100-180 240 every  

week* 

Metal 8,3 356,9 6,9 100 240 every 3 

weeks 

Glass 11,0 473 9,1 220 240 every 5 

weeks 

Paper 42,8 1 840,4 35,4 154-200 660 every 3  

weeks 

Carton & 

Cardboard 

10,4 447,2 8,6 20-25 660 every 2 

weeks 

Combustible 

waste 

287,5 12 362,5 237,7 80 4 x 660 every 

week** 

Total 386,2 16 606,6 326,8    

* 1.6.-31.8. every week, 1.9.-31.5. every two weeks.  

** At least every 3
rd

 months, with an application longer intervals possible 

Even though all the containers might not be full every time they are emptied the price 

for the 140 l and 240 l containers is the same (JLY 2016) so the larger ones are chosen. 

Larger containers ensure that the volume is enough even in holidays or occasional 

increase in waste amounts. The amount of waste from common service building has to 

be taken into account which also increases the need for larger containers. The residents 

are expected to have ecological living habits so it is assumed that the amount of 

combustible waste would be smaller and recycling level would be higher than average. 

Also the higher recycling level of the recyclables should lessen the amount of 

combustible waste. Based on these evaluations the 240 l containers for bio-waste, metal 

and glass, 660 l container for carton and cardboard, 660 l container for paper and four 

660 l containers for combustible waste are justified. 
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Getting people to participate in shared collection of bio-waste is challenging (Runsten 

2014). Since the amount of bio-waste is considerable, a composter might be another 

option for the collection of bio-waste. Composter might be more economical but also 

more arduous option. 

8.4 Composter 

Collection of bio-waste to a container and a composter will be compared. The 

reasonability of the composter is considered and possible utilization options for the 

compost will be examined. The structure and interest of the community affects very 

much to the usefulness of the composter. 

The amount of bio-waste in the case area is approximately 1 513,6 kg in a year and 29,1 

kg in a week. (OWM 2012) The amount of bio-waste affects the size of the 

composter(s). If the composter is too small for the amount of waste it doesn’t have the 

capacity to decompose it and if the composter is too large it ceases to function. 20 liters 

of composter space per person can be used in sizing which means that in Maijanlenkki 

case the needed composter volume is approximately 860 liters. With this many 

households it would be reasonable to get two or three composters instead of one and fill 

one while other(s) decompose the bio-waste. The bio-waste should decompose about 6-

8 weeks. (Kiertokapula 2016a) With the bio-waste amount of 29,1 kg in a week and 

volume weight of 180 kg/m
3
, the volume of 8 weeks’ bio-waste is 1 293 liters. Since the 

volume decreases as the bio-waste decomposes the volume needed is less than 1293 

liters. 

Optimally working composter has a temperature of 30-70 °C. In cold conditions it is 

possible that the compost freezes. According to instructions by Kiertokapula (2016b) 

the compost is still usable even if it freezes. After the winter frost the compost can be 

defrosted and activated again by adding nitrogen rich waste to the compost and placing 

a hot water canister inside the composter. (Kiertokapula 2016b) A thermal composter 

has an insulation layer that keeps the compost warm. A properly treated thermal 

composter does not freeze in winter. Joutsenmerkki is a Scandinavian official ecolabel 

which is given to the thermal composters that have passed freezing tests and enables a 

five-year guarantee for the composter. (AVI 2010) 
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The composter solution will be sized between 860 – 1 300 liters. Kiertokapula (2016c) 

has listed composters in the Finnish market. The thermal composters with insulation and 

appropriate size are listed in table 28 so that two or three composters have at least 860 

liter capacity. For the practicality only composters with additional hatch for removal of 

compost are chosen. 

Table 28.  Suitable composters, volumes and amount for the case Maijanlenkki. 

(Kiertokapula 2016c) 

Composter Volume 

[l] 

Amount 

for the case 

Total 

volume [l] 

Biolan quick composter 550 2 1 100 

Kekkilä power composter + elevation part 325 3 975 

Aerobin thermal composter 400 3 1 200 

Neudorff Duo Therm thermal composter 530 2 1060 

 

Biolan quick composter is quite large so only two of them are enough for the bio-waste 

amount. Kekkilä power composter requires an elevation part to reach high enough 

volume and the amount needed is still three, so it is quite small composter. Three pieces 

of Aerobin thermal composters reach a volume of 1 200 liters, which is largest volume 

of the options. Neudorff Duo Therm thermal composter is almost as large as Biolan and 

two of them have a volume of 1 060 liters. Also the performance and quality of the 

composter should be taken into account when choosing. Thermal composter has to 

endure winter temperatures without freezing so choosing a composter with a 

Joutsenmerkki eco-label is recommended. 

8.4.1 Utilization possibilities for the compost product 

The bio-waste breaks down into compost in about 6-8 weeks. According to Rosk’n Roll 

(2017) the compost weights about 40 – 45 percent of the weight of the bio-waste. 

According to Kiertokapula (2010) 1,5 – 4,5 liters of bio-waste in a week will produce 

about 30 – 50 liters of compost in a year. This means that Maijanlenkki area produces 

fully degraded compost about 1 795 – 3 230 liters or about 605 – 680 kg in a year.  
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Six months degraded bio-waste can be used as mulch for trees and bushes in 5 – 15 cm 

layer. Six months degraded bio-waste can be after-ripened to get fully degraded 

compost. Fully degraded compost can be cultivated into the ground and about 30 – 50 

liters is needed for one quarter meter. Fully degraded compost can be mixed with sand 

and clay to get substrate for plants. (Kiertokapula 2010)  

The total area of the case Maijanlenkki plots is 14 958 m
2
. It can be roughly estimated 

that 8 000 – 10 000 m
2
 of the Maijanlenkki area will be lawn, bushes and garden. For 

instance, if there is 30 trees and 70 bushes in the Maijanlenkki area and for every tree or 

bush four liters of mulch is used, then 400 liters mulch is needed. The rest of the 

compost can be after-ripened. According to Kiertokapula (2010) the fully degraded 

compost product can be mixed with sand and clay in proportion 1:1:1 to acquire a 

substrate for plants. If 1 500 liters of fully degraded compost is acquired e.g. 500 liters 

can be cultivated to the ground and 1 000 liters mixed with sand and clay to get 3 000 

liters of substrate. The sand and clay, of course, have to be bought or acquired 

elsewhere. 

There is a small-scale farming area planned in the Päivänpaisteenmaa (Municipality of 

Muhos 2015b). If the Maijanlenkki residents get their own cultivation area from there or 

make one in the common service building’s yard the substrate can be easily utilized. In 

addition to urban farming the substrate can be used in gardening for flowers and plants. 

Because there is 12 families this amount of compost is easily utilized within the area. 

The functionality of composting, cultivating and urban farming is dependent on the 

activity of the resident group and common rules and interest in these things is essential. 

Certain aspects in the composting need to be acknowledged beforehand to make it work 

fluently at this large scale and with this many people. Common rules should be agreed 

together about what can be put into the composter and how will the caretaker shifts be 

shared. As a conclusion, to manage the composter appropriately at least these thing 

should be taken into account: 

 Unsuitable waste such as non-biodegradables not to be put in the composter 

 Very slowly degrading bio-waste such as bones not to be put in the composter 

 Mixing the composter at regular basis with dry substance e.g. garden waste 
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 Taking care that the dry substance is at hand 

 Removing the degraded compost 

 Utilizing or after-ripening the mulch 

 Washing the composters yearly 

 Mixing of the fully degraded compost product into substrate 

 Preparedness to the possible problems such as flies, ants, odor, mold etc. 

All residents of the area should know what is allowed to be put into the composter and 

children should also be instructed. Also some kind of shelter for the composters is 

reasonable so that the snow does not hinder the usage in winter. The shelter could be 

attached to the waste shelter or in case that the thermal composter temperature decreases 

too much some kind of indoor space could be made in the common service building to 

prevent any freezing or decrease in temperature. Ensuring the functionality of the 

composter in winter is essential with this large amount of bio-waste. If composting in 

winter is too challenging the area could order bio-waste collection in winter and only 

use composter in summer. 

This large scale composting is only reasonable if the compost product is utilized. If the 

resident group does not have enough members that are motivated to take a part of the 

composting, ordering a bio-waste collection is reasonable. Bio-waste collection of 

course increases the waste management costs where composting means more work and 

dedication from the residents. Comparing the waste management costs with and without 

composting is made in the next chapter. 
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9 ECONOMICS 

Economics for the main aspects of the area is calculated in this chapter. Prices for plots, 

houses, joining fees, waste management and real estate company expenses are 

calculated. For heating and electricity production technologies also feasibility is 

evaluated in addition to the initial prices. 

9.1 House economics 

The price of the plots ranges between 15 €/m
2
 and 20 €/m

2
. The prices for the plots are 

calculated in the table 29. It is assumed that the builder gets a discount for buying so 

many plots, so the lower price value will be taken into account in the final calculations. 

Table 29. Plot prices. 

Plot Size [m
2
] Price min [€] Price max [€] 

88:1 1 208 18 120 24 160 

88:2 1 208 18 120 24 160 

88:3 1 208 18 120 24 160 

88:4 1 433 21 495 28 660 

89:1 1 223 18 345 24 460 

89:2 1 225 18 375 24 500 

90:1 1 255 18 825 25 100 

90:2 1 249 18 735 24 980 

91:1 1 273 19 095 25 460 

91:2 1 214 18 210 24 280 

91:3 1 271 19 065 25 420 

91:4 1 191 17 865 23 820 

Total 14 958 224 370 299 160 
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The construction costs are calculated for flat houses in normal foundation conditions 

with wooden frame, wooden lining, profiled sheet roof, HVAC with heat recovery, floor 

piping and shelter for one car. The construction costs include the GSHP, 

fireplace/baking oven and basic appliances. Common service building was calculated 

with concrete frame, HVAC with air exhaust and radiators. The level in own activity 

was chosen that the residents are constructors but this is very hard to estimate since a lot 

of the construction process depends on the structure of the resident group or if the 

municipality is the constructor instead of the residents. The economics for house 

construction can be seen in table 30. 

Table 30.  Construction costs for the houses in the Maijanlenkki area. (Rakentaja 2018) 

House Amount Construction cost 

approximation [€] 

All [€] 

Detached 120 m
2 5 248 314 1 241 570 

Detached 150 m
2
 3 291 974 875 922 

Semi-detached 180 m
2
 2 336 660 673 320 

Common service building 1 449 912 449 912 

Total 11  3 240 724 

 

The houses and the common building are possible to be built by group construction 

which can reduce the construction costs moderately (Korpela 2015). Group construction 

is more challenging and time consuming option but should definitely be taken into 

consideration by the resident group. The more self-realized the construction project is 

the more there is possibilities and time to make ecological solutions to the structures. 

Group construction can be used in own houses but the common service building should 

definitely be constructed by a professional since it has to follow larger amount of 

regulations because of the technological solutions and possible civil defense shelter. 

Every house needs to be joined in the national electricity grid, service water network 

and wastewater network. The joining fees for the case Maijanlenkki area can be seen 

from table 31. 
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Table 31. Access fees for water, wastewater and electricity network in the Maijanlenkki 

houses. (Muhoksen vesihuolto 2010, Oulun Seudun Sähkö 2014) 

House Amount Service 

water [€] 

Sewer [€] Electricity 

network [€] 

All [€] 

Detached 120 m
2 5 1 234,61 1 391,07 2 846 27 358,4 

Detached 150 m
2
 3 1 234,61 1 391,07 2 846 16 415,04 

Semi-detached 180 m
2
 2 1 734,61 2 041,07 3 758 15 067,36 

Common service building 1 1 534,61 1 891,07 3 758 7 183,68 

Total 11    66 024,48 

 

9.2 Technology economics 

Even though the GSHP was included in the house construction it’s feasibility is 

examined in this chapter. Also the fireplace/baking oven was included in the house 

construction. In solar PV economics the profitability of the system is evaluated by 

calculating the return of investment (ROI) and also net present value (NPV) and 

cumulative return of investment is calculated. 

9.2.1 Heating economics 

According to Motiva (2017b) the price of the GSHP system with borehole for a new 

detached house is 13 000 – 17 000 euros. The profitability of the GSHP system with 

borehole was examined by comparing it to pellet heating, district heating, electric 

heating and electric heating with a fireplace. The comparison was made for the 120 m
2
 

low energy house with 4 people. The rise in energy price was chosen to be two percent 

in a year, interest rate two percent in a year and accounting period of 20 years. The 

results can be seen from figures 29 and 30. 
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Figure 29.  Yearly total costs of (from top to bottom) pellet, district heating, GSHP, 

electric heating and electric heating with fireplace. Costs separated as energy costs 

(red) and investment costs (blue). (Motiva 2017b) 

 

As can be seen from figure 29 the GSHP system has the highest investment cost but 

lowest energy cost. The total cost for the GSHP is lowest, district heating and pellet 

being about 125 – 165 euros more expensive in a year. Electric heating is not feasible 

and energy costs are very high. 
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Figure 30.  Cumulative total costs of pellet (brown), district heating (light green), 

GSHP (blue), electric heating (red) and electric heating with fireplace (green). 

(Motiva 2017b) 

 

As can be seen from figure 30 the GSHP system becomes cheaper than pellet or electric 

heating solutions after 10 years and cheaper than district heating after 13,5 years. In 

practice the GSHP system energy costs are actually lower because part of the electricity 

used by the pump is self-produced by the solar PV system. This means that the GSHP 

systems becomes more profitable than the others earlier than in the figure. 
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9.2.2 Solar PV economics 

Feasibility of the solar PV system from scenario Individual 2 will be examined in this 

chapter. Return on investment (ROI) and net present value (NPV) calculations will be 

used to evaluate payback time.  

Solar PV system prices in 2016 were about 1050 – 1350 €/kWp (Finsolar 2017). The 

price of the solar PV system for case Maijanlenkki would be about 69 384 – 89 208 

euros. Management costs including inverter exchange for the solar PV system is 

assumed to be about 5 percent. Household reduction would be about 5 percent of the 

price of the solar PV system. The electricity consumption of the area is 112 758,5 kWh 

in a year. The solar PV system in individual 2 scenario produces 52 397,87 kWh 

electricity from which 48 190,67 kWh can be utilized. It is assumed that half of the 

surplus electricity of 4 207,2 kWh is utilized in the common service building. This 

means that 96 percent of the produced electricity is utilized. Four percent of the 

production is released to the grid with the price of 0,04 €/kWh. The amount of 

electricity that has to be bought is 64 567,83 kWh in a year. Table 32 contains average 

electricity prices in northern Finland and electricity distribution prices in Oulu area. 

Table 32. Electricity prices including taxes. (Energiavirasto 2018, Oulun Energia 2018) 

 Price [cnt/kWh] Monthly payment [€/kk] 

Electricity 4,94 4 

Electricity distribution 6,31 6,2 

Total 11,25 10,2 

 

Payback time for the solar PV system in Individual 2 scenario can be simply calculated 

by ROI: 

𝑅𝑂𝐼𝑠𝑜𝑙𝑎𝑟 =  
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠𝑜𝑙𝑎𝑟

𝐶𝑜𝑠𝑡𝑦𝑒𝑎𝑟,𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 − 𝐶𝑜𝑠𝑡𝑦𝑒𝑎𝑟,𝑠𝑜𝑙𝑎𝑟
               (11) 

where, Investmentsolar = Investment cost of the solar PV system including 

management costs and household reduction,  € 
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 Costyear,electricity = Yearly cost of electricity if all electricity is bought, €/y 

 Costyear,solar = Yearly cost of bought electricity after solar PV production 

and selling of surplus electricity, €/y 

𝑅𝑂𝐼𝑠𝑜𝑙𝑎𝑟 =  
70 000

14 154 − 8 281 
=  11,92 𝑦𝑒𝑎𝑟𝑠 

This method does not take the interest rate, rise in the electricity price or reduction in 

the solar PV production due to aging into account. To get a more comprehensive picture 

of the costs and payback time a calculator by Juntunen et al. (2017) is used. Interest rate 

(three percent), rise in the electricity price (two percent in a year) and reduction of the 

solar PV production due to aging (0,5 percent in a year) can be put into the calculator. 

The results of the calculator can be seen from table 33 in the next page. 

As can be seen from table 33, the payback time is 13 years when taking all aspects into 

account. The cumulative ROI shows that already after 10 years the solar PV system 

brings positive cash flow to the area. After 10 years also the self-produced electricity 

will be cheaper than the bought electricity. In the last four years of the solar PV system 

lifetime the self-produced electricity is only a quarter of the price of the bought 

electricity. As can be seen the biggest expense after the initial investment is the inverter 

exchange at 15 years. Depending on the energy storage capacity, the area sells at least 

part the surplus electricity to the grid. This income can be saved in a property 

company’s bank account and used for the inverter exchange expenses. Also if the area 

conducts all the electricity through the common service building, only one or a few 

large capacity inverters are needed instead of one per household which would be 13 

inverters. Yearly management should also be cheaper per roof as a group discount is 

probable. 
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Table 33.  Solar PV feasibility calculator results. (Juntunen et al. 2015) 

Lifetime 

of the 

solar PV 

system 

Value of 

the 

produced 

and sold 

electricity 

[€] 

Investment 

and 

management 

costs [€] 

Cumulative 

return of 

investment 

[€/v] (0% 

rate of 

interest) 

Net present 

value of the 

investment 

(NPV) with 

chosen rate 

of interest 

[€] 

Price of 

the 

bought 

electricity 

[€/kWh] 

Price of 

the sold 

surplus 

electricity 

[€/kWh] 

Cost of 

electricity 

by source 

LCOE 

[€/kWh] 

0 0,0 € -66 500,0 € -66 500 €   0,11 €     

1 5 741,6 € -66,5 € -60 825 € -59 214 € 0,11 € 0,04 €   

2 5 827,1 € -66,5 € -55 064 € -53 942 € 0,11 € 0,04 € 0,64 € 

3 5 914,0 € -66,5 € -49 217 € -48 747 € 0,12 € 0,04 € 0,43 € 

4 6 002,1 € -66,5 € -43 281 € -43 627 € 0,12 € 0,04 € 0,32 € 

5 6 091,5 € -66,5 € -37 256 € -38 581 € 0,12 € 0,04 € 0,26 € 

6 6 182,3 € -66,5 € -31 140 € -33 608 € 0,12 € 0,04 € 0,22 € 

7 6 274,4 € -66,5 € -24 933 € -28 707 € 0,13 € 0,05 € 0,19 € 

8 6 367,9 € -66,5 € -18 631 € -23 878 € 0,13 € 0,05 € 0,16 € 

9 6 462,8 € -66,5 € -12 235 € -19 119 € 0,13 € 0,05 € 0,15 € 

10 6 559,1 € -66,5 € -5 742 € -14 428 € 0,13 € 0,05 € 0,13 € 

11 6 656,8 € -66,5 € 848 € -9 806 € 0,14 € 0,05 € 0,12 € 

12 6 756,0 € -66,5 € 7 537 € -5 251 € 0,14 € 0,05 € 0,11 € 

13 6 856,6 € -66,5 € 14 328 € -762 € 0,14 € 0,05 € 0,10 € 

14 6 958,8 € -66,5 € 21 220 € 3 662 € 0,15 € 0,05 € 0,09 € 

15 7 062,5 € -3 566,5 € 24 716 € 5 841 € 0,15 € 0,05 € 0,09 € 

16 7 167,7 € -66,5 € 31 817 € 10 137 € 0,15 € 0,05 € 0,09 € 

17 7 274,5 € -66,5 € 39 025 € 14 371 € 0,15 € 0,05 € 0,08 € 

18 7 382,9 € -66,5 € 46 341 € 18 544 € 0,16 € 0,06 € 0,08 € 

19 7 492,9 € -66,5 € 53 768 € 22 655 € 0,16 € 0,06 € 0,07 € 

20 7 604,6 € -66,5 € 61 306 € 26 708 € 0,16 € 0,06 € 0,07 € 

21 7 717,9 € -66,5 € 68 957 € 30 701 € 0,17 € 0,06 € 0,07 € 

22 7 832,9 € -66,5 € 76 724 € 34 636 € 0,17 € 0,06 € 0,07 € 

23 7 949,6 € -66,5 € 84 607 € 38 514 € 0,17 € 0,06 € 0,06 € 

24 8 068,0 € -66,5 € 92 608 € 42 335 € 0,18 € 0,06 € 0,06 € 

25 8 188,2 € -66,5 € 100 730 € 46 101 € 0,18 € 0,06 € 0,06 € 

26 8 310,2 € -66,5 € 108 974 € 49 813 € 0,18 € 0,07 € 0,06 € 

27 8 434,1 € -66,5 € 117 341 € 53 470 € 0,19 € 0,07 € 0,05 € 

28 8 559,7 € -66,5 € 125 834 € 57 074 € 0,19 € 0,07 € 0,05 € 

29 8 687,3 € -66,5 € 134 455 € 60 626 € 0,20 € 0,07 € 0,05 € 

30 8 816,7 € -66,5 € 143 205 € 64 126 € 0,20 € 0,07 € 0,05 € 

TOTAL 

132 135,3 

€ -71 995,0 € 
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9.3 Waste management economics 

The costs of the waste management are estimated in tables 34 and 35 by using prices 

from the reports by Kiertokapula (2016c), Waste Station Association (2016) and 

Community Committee of City of Oulu (2017). The waste management costs comprise 

from containers, emptying of the containers, washing of the containers, eco-payment 

and collection point maintenance. The collection of paper is covered by producer and 

has to be free of charge (City of Oulu 2014). 

Table 34. Composter prices. (Kiertokapula 2016c) 

Composter Amount Total 

volume [l] 

Unit price [€] Total [€] 

Biolan quick composter 2 1 100 799 – 950  1 598 –  

1 900 

Kekkilä power composter 

+ elevation part 

3 975 399 – 495  

+ 99 – 225  

1494 –  

2 160 

Aerobin thermal 

composter 

3 1 200 299 – 389  897 –  

1 167 

Neudorff Duo Therm 

thermal composter 

2 1060 178  356 

 

As can be seen from the table 34, Neudorff is the cheapest alternative of the composters 

and Kekkilä the priciest when taking the volume into account.  
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Table 35. Yearly costs of the waste management. (Kiertokapula 2016c, Waste Station 

Association 2016, Community Committee of City of Oulu 2017) 

 Amount Unit price Total 

Containers 6 x 660 l 200 €/container 1350 € 

3 x 240 l 50 €/container 

Emptying Combustible waste 

52x/a 

12,7 €/emptying 2 642 €  

 

 

3 314 € 

Biowaste 33x/a 8,95 €/emptying 295 € 

Glass 11x/a 7,27 €/emptying 80 € 

Metal 17x/a 6,36 €/emptying 108 € 

Cardboard 26x/a 7,27 €/emptying 189 € 

Washing Combustible waste 

container 1x/a 

18 €/container 54 € 

Biowaste 

container 2x/a 

Composter 2 – 3  178 – 950 

€/container 

356 – 2160 € 

Collection point 

maintenance 

1 50 €/year 50 € 

Investment* 

without composter 

 31,4 €/resident 1 350 € 

Investment* with 

composter 

 38,5 – 80,5 

€/resident 

1 656 – 3460 € 

Management 

without composter 

 79,5 €/resident 3 418 € 

Management with 

composter 

 71,8 €/resident 3 087 € 

*Every ten years 

Compared to the yearly average waste management price per person (93,07 €) in the 

report by Waste Station Association (2016), the solution without composter is 13,57 

euros and with composter 21,27 euros cheaper per resident in a year. Total investment 

and management costs without composter are 4 768 euros in the first year. The total 
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management costs without composter for the next nine years is 30 762 euros (not 

including possible future price elevation). Total waste management cost without 

composter for ten years is 35 530 euros. Total investment and management costs with 

composter are 4 743 - 6547 euros in the first year. The total management costs with 

composter for the next nine years is 27 783 euros (not including possible future price 

elevation). Total waste management cost with composter for ten years is 32 526 – 

34 330 euros. Even with the priciest composter alternative, the waste management 

option with composter becomes 1 200 euros cheaper in a ten year period of time. With 

the cheapest composter alternative the price difference is as much as 3 004 euros. 

9.4 Real estate company economics 

The importance to have a house manager depends on the area and real estate company 

form. If the case Maijanlenkki is built as a housing company, a house manager is quite 

essential. House manager is not necessarily needed for the joint-stock property company 

as everyone owns their own house but can ease the maintenance of the common service 

building that includes a lot of technical equipment (energy storage, recharge point) that 

need regular monitoring. House manager can also act as a chairman of the board for the 

real estate company. House manager and chairman fees can be seen from table 36. 

Table 36. House manager and chairman fees. (Suomen kiinteistöliitto 2017) 

 Fee [€/m
2
] Monthly fee 

[€] 

Meeting fee 

[€/h] 

Separately 

charged fee [€/h] 

House manager 0,32 650 71,9 – 147,2 71 – 75 

Chairman 0,30 610 76,5 – 153,5 75 – 80 

 

House manager’s monthly fee would be 650 euros and chairman’s 610 euros. If there is 

resident meeting every other month, the yearly meeting fees would be about 660 euros 

for house manager and 690 euros for chairman. Separately charged fees can be e.g. 

paper work. It would be reasonable that the house manager is responsible for charging 

the waste management costs, solar PV management costs and other costs from the 

residents equal to the size of their household or solar PV system. House manager would 

also charge the other upkeep of the area, yards and common service building as well as 
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the electricity bill for the common spaces. These kinds of costs would be included to the 

maintenance charge in the case of housing company. In case of the joint-stock property 

company, the renting of the common service building for activities such as hobby 

groups or children’s afternoon club is possible, as was explained in chapter 3.1.2. 
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10 THE FINAL SOLUTION 

In this chapter a final solution is assembled from the best options of each field. A real 

estate company, buildings, technologies, waste management and economics will be 

reviewed.  

Based on the comparison made in chapter three the best real estate company solution for 

an eco-district containing detached houses and common service building would be joint-

stock property company. It has more administrational freedom to maintain commonly 

owned property and realize ecological and social goals within the area. Houses will be 

owned by the families and not by the property company as in the other options. Joint-

stock property company also has the possibility to increase the area’s feasibility by the 

renting option even though it requires a bit more juridical and administrational work. 

The decided area from the town plan is very suitable for the project structure. The three 

most southern plots were combined for the two semi-detached houses. Ideally the 

common service building would have been located in the middle of the area but since it 

is the highest building it was located to the northern plots to avoid shading of the other 

buildings and affecting solar electricity production. It is ideal to have two storied 

common service building because a part of the solar panels can be installed vertically to 

the highest points of the south-facing walls if preferred. The municipality should also 

add the eco-district related issues to the plot releasing conditions to ensure the 

development of the area into desired and planned direction. 

The most important information acquired from the questionnaire held in the builder fair 

was the interest towards communal solutions. The common waste management system 

and composter was preferred by more than half of the people. The amounts of different 

wastes were calculated from an actual data. The containers were sized with the volume 

weights of the wastes and emptying periods approximated reasonably. Because of the 

size of the area the common waste management system is very beneficial through 

easiness and economic savings. Composter option becomes cheaper than the bio-waste 

collection for the area. It is good that people have interest to compost but there needs to 

be a place to utilize the compost product. Common garden within the area or a piece of 
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cultivation land for urban farming should be enough to utilize the substrate made from 

the compost product. 

The recharge point for electric cars was designed for four cars. The reasonability of this 

solution depends how many electric cars the area’s residents would have. It is of course 

ecological to avoid using a car in the first place and use car pool as much as possible. 

The increasing amount of electrical cars probably causes the need to have at least one or 

two recharge points sooner or later. The electric cars can also work as energy storage for 

the produced electricity by solar panels and improve the system stability. 

The electricity consumption in the area was approximated to be a bit lower than usually 

in households. Also the saving from wood-heated sauna stove and LED lighting were 

taken into consideration. Normal electricity consumption was combined with the 

electricity need of GSHPs and recharge of electric cars to get the annual total electricity 

consumption of the whole Maijanlenkki area. Consumption profiles were studied from 

real life data and four different kinds of profiles were weighted by the amount of 

households each of them represented. Acquired weighed consumption profile helped to 

get perspective with the amount of produced electricity and helped to choose a 

reasonable scenario for the case. 

The heating solution for the case Maijanlenkki was designed as GSHP with borehole. 

The borehole solution takes less space than the horizontal solution but increases the 

installing costs a bit because of the drilling. The most suitable pump for GSHP solution 

would be the type that has alternating condenser. Because it works in alternating design 

power areas it is very good for the semi-detached houses and the common service 

building. It is also efficient since it consumes just the power that it needs instead of 

always the same power. Because this pump type is flexible the need for a support 

heating system is smaller in cold times and there’s not so much need to burn wood in 

the fireplace/baking oven. 

Optimal solar PV system was examined by modelling different size scenarios. The most 

suitable scenario was the individual solution where every roof had 18 panels and 

common service building roof had 20 panels. This solution seemed most reasonable 

because of the least surplus electricity during summer. The solution covers 42,7 percent 
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of the yearly electricity consumption of the case Maijanlenkki area. About half of the 

surplus electricity can be utilized in the common service building and half have to be 

released to the grid. The system has a payback time of 13 years which seems quite good 

since the modelling was done with monocrystalline panels. Multicrystalline panel 

should give even better production and shorten payback time as long as the price of the 

investment stays reasonable. The summer and daytime peak is quite large and requires 

smart control and energy storage of some kind or a user for the electricity. As much as 

possible of the evening peak from the consumption profile should be tried to move to 

the time when electricity is produced. Smart control and appliances with timers help 

with the peak shifting but some kind of energy storage for the excess daytime electricity 

is needed so it is self-utilized as much as possible. 

In the future electric car batteries might have quite good capacity to store electricity 

when the importance of actual battery technology is not so remarkable. If the resident 

group were to implement energy storage in the common service building it would be 

reasonable to try the most mature battery technology, LA batteries, first. Then, if the 

capacity of the electric car batteries and LA batteries is not enough a flow battery could 

be implemented to support the storage. The Li-ion and NaS batteries are too risky for a 

residential area because of the high temperature problems so they are not recommended. 

Designing of this scale solution has included a lot of different information and 

calculations. The table 37 contains a summary of the chosen solutions reviewed in this 

chapter and table 38 contains key numbers of the calculated values. 

Table 37. Summary of the main solutions of case Maijanlenkki. 

Field Solution 

Real estate company Joint-stock property company 

Houses One-storied, wooden 

GSHP Borehole solution, heat pump with alternating condenser 

Solar PV Scenario “Individual 2“, includes 236 panels 

Battery storage LA battery storage supported with flow battery if needed 

Waste management Bio-waste composting, other waste recycled/disposed 
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Table 38.  Key numbers of the results for case Maijanlenkki. 

Information Semi-

detached 

house 

apartments 

Average 

houses 

Larger 

houses 

Common 

service 

building 

Total 

Amount 4 5 3 1 13 

Area [m
2
] 90 120 150 250 1 660 

Residents 2 4 5 - 43 

Space heating 

[kWh] 

6 930 9 240 11 550 ~ 15 000 123 570 

Water heating 

[kWh] 

2 000 4 000 5 000 Not 

estimated 

43 000 

Electricity 

[kWh] 

4 000 5 100 5 900 Surplus / 

purchased 

59 200 

E-value limit 

[kWh/m
2
/a] 

204 204 162,5 -  

E-value 

estimation 

[kWh/m
2
/a] 

68/63 67 65 -  

Warm water 

tank [l] 

≥ 100 ≥ 200 ≥ 250 ≥ 250  

Waste 

amount [kg/a] 

3 089,6 7 724 5 793 Not 

estimated 

16 606,6 

 

 

The economics for main solutions were calculated in the previous chapter. Table 39 

contains the results of the economic calculations for each field. 
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Table 39. Economics results for case Maijanlenkki. Includes investments and first year 

payments. 

Field Total [€] 

Housing management 12 250 

Plots 224 370 

Houses 3 240 724 

Joining fees 66 024 

GSHP* 161 000 

Solar PV 70 000 

Waste management without 

composter 

4 768 

Waste management with composter 5 987 

Total 3 618 136 – 3 619 355 

*GSHP row not included in total since GSHP price is included in the house construction 

 

Total cost of 3 618 000 would mean 301 500 euros per household on average. The price 

would be a bit lower or higher depending on the size of the house each family buys. 

Possibilities to lower the price is to make the houses a bit smaller, group construction 

and municipality’s contribution in professional services, plot prices and maybe owning 

a part of the common spaces in the common service building. The resident group could 

also try to find a partner company which would provide their products and solutions to 

the project with a low price and get the data of their functionality in the area. This kind 

of cooperation could be applied to the GSHP or solar PV solutions. In any case it would 

probably become cheaper to not include the GSHP in house package and get an offer 

from multiple companies that give group discount for the 11 systems. The size of the 

solar PV system is also quite large, so quantity discount is very probable. The common 

service building can also be constructed without cellar space and civil defense shelter at 

least in case of the joint-stock property company. The costs seem manageable especially 

with cooperation and the help of the municipality of Muhos. 

 

Functionality of the final solution and questions raised during this thesis will be 

discussed in the conclusion chapter. 
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11 CONCLUSION 

At the start of this thesis the aim was to design an eco-district area that could actually be 

implemented. From the start the point has been to keep practicality in mind so that the 

project would be suitable not only for very ecological people but for ordinary people 

also. Potential residents were taken into consideration from the start by having the 

survey. The main task in the practical part was to compile a realistic consumption 

profile and model and size a solar PV system suitable for a heterogenic area in northern 

conditions. In addition, the means to even the consumption curve was examined. 

The eco-district planning did not start from the traditional ecovillage vision but from the 

goal to add self-sufficiency to rural area by technical and environmental solutions. This 

eco-district design developed to be more modern and was meant to also give room for 

the individuality. Many traditional ecovillages have compost latrines and own waste 

water purification and that’s also one of the main differences in addition to the technical 

solutions. 

Even though the eco-district offers a chance to individuality and privacy it requires at 

least some amount of cooperation between residents. There are many advantages to gain 

if the residents work as a group from the start. To find the residents to form this area the 

municipality has to advertise the project and offer support trough out it. Municipality 

also has to be the authority binding the rules to the plot releasing conditions when the 

resident group has formed them. The rules should include at least technology 

management related issues, waste management issues and sharing certain 

responsibilities, such as composter care, equally between the residents. In addition to 

the area rules the residents living in an eco-district should all commit to ecological 

living habits at some level. If there is a challenge in finding enough active residents the 

project is possible to realize as municipality-led but then it would not give so much 

possibilities for residents to affect the solutions and structures of the area. Municipality-

led project would probably be implemented as a housing company form instead of a 

joint-stock property company. 

The houses are recommended to be constructed from wood since it is an ecological 

material with multiple benefits to quality. The houses and technologies were designed to 
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low energy house consumptions. Especially if the resident group will construct the 

houses mainly themselves the E-value limits should be kept in mind. Even though the 

detached and semi-detached houses were constructed by a group construction the 

common service building includes so much technical equipment it is good to be 

constructed by a professional. Common service building is very essential part for the 

designed technical solutions to work and it offers inside temperature for equipment to 

avoid winter conditions. 

The energy consumptions were approximated so that they were enough for sizing the 

technologies but still lower than usually to motivate residents to save energy. Still the 

energy consumptions were rather considered to be closer to the average than very low 

and ambitious because of the fact that the location is in northern Finland. Even though 

the consumption profile was compiled from multiple scenarios there was noticeable 

peak in the evening. The peak shifting from evening to daytime should be tried to be 

done with living habits and timers rather than energy storage technology. After every 

possible measure the energy storage should be sized for the needed amount only and 

user for the excess electricity should be found. 

The GSHP system was sized as a borehole solution. The borehole depth and pump 

design powers were calculated roughly. In the construction phase a professional should 

be used to size every house’s GSHP system individually. Even though the town plan 

area should be in the Oulu granite bedrock area it is very close to the edge of it and the 

soil conditions can be challenging. The soil conditions can have a large effect to the 

depth, functionality and price of the GSHP system. There is also a possibility to use the 

GSHP system for cooling in summer which would improve the COP of the system and 

lengthen the system lifetime. To save electricity, only the fluid circulation could be on 

while no compressor is used.  

Solar PV system was sized by modelling from real life and local weather data. 

Oversizing the system was studied and a lot of surplus electricity was produced which 

could not have been utilized within the case Maijanlenkki area. Oversized system would 

be more beneficial if there was a reasonable compensation in Finland for electricity 

released to the grid or if the area finds a buyer such as surrounding houses or 

municipality. Still selling the electricity to a third party would raise a lot of juridical 
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questions and issues with taxing. 45 degree solar panel solutions were also modelled but 

their installing would require the support structures enabling snow loads and thus, 

requiring more maintenance. 

Solar PV system in this thesis was designed quite large because of the increase in self-

sufficiency and economic benefits after the payback time. Also the price per square 

meter of the panel decreases the more panels the group buys. Solar PV system at this 

large scale might cause doubt in some potential residents. If the resident group together 

agrees, they could start with a smaller solar PV system and see how it works in practice 

for a few years and how well the system produces electricity. If the resident group is 

happy with the system there is always a possibility to install more panels. 

Resident group has to agree about how the produced electricity is shared and charged 

between the households. Also there has to be an agreement about the usage of the 

recharge point for electric cars. This kind of monitoring requires of course flow meters 

and someone to follow them and charge each household equally. A reasonable solution 

would be to use house manager as s/he would be impartial third party.  

If the town plan of Muhos is possible to change so that the roofs of the houses can be 

steeper, the production of the solar PV system would be slightly better outside summer 

time. The difference of ten or so degrees in production is not crucial and even though it 

might save few euros here and there it is important to also keep aesthetics of the area in 

mind.  If the area were to be realized as a housing company and the buildings as 

multiple floor houses, then part of the panels could be installed vertically on the walls. 

Vertical panel installations can be profitable only in northern conditions and therefore is 

an attractive alternative but more scientific research is recommended to be waited 

before large scale installations. 

The E-values of the buildings were calculated with the designed technologies. The E-

values were a bit higher than expected but it might be if some values in the calculator 

didn’t correspond to the low energy house values. Still there is no doubt that the 

technical solutions lower the E-values of the buildings especially since the calculator 

only takes solar PV and GSHP into consideration and not smart control or energy 

storage. 
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The designed and sized waste management system turned out to be a profitable solution. 

It eases the recycling and becomes cheaper than usually in detached houses. Because the 

waste amounts were calculated from real data it is probable and actually hoped-for that 

an ecological resident group would generate less waste than approximated in this thesis. 

The most questionable part is what to do with the bio-waste. Composter turned out to be 

cheaper in a ten year period than the bio-waste collection. In addition to the savings 

from composting bio-waste the area might save in carton and cardboard recycling since 

they can be burned in sauna or fireplace/baking oven. Composter requires more 

commitment and time from the residents and there needs to be some use for the compost 

product for it to be reasonable. There is a possibility to the resident group to start with a 

one composter and use it in a warmer half of the year and order a bio-waste collection in 

coldest months. If there is enough bio-waste and usage for the compost product then a 

second composter can be bought. With this large amount of bio-waste there should be 

no problem with the functionality of the thermal composter in winter. Even though the 

composting and possible urban farming requires more work it would make the case 

Maijanlenkki area more ecological. 

The objective of this thesis was to plan energy and environmental solutions that could 

actually be implemented in northern conditions and especially for this specific location. 

As much local information has been taken into account as possible and the final solution 

of this thesis seems quite justified. Local soil conditions were considered for the GSHP 

system and there should be favorable conditions and granite bedrock in the case area. 

Payback time of about 10 – 13,5 years for the GSHP system is reasonable and since 

there is going to be 11 GSHP systems in the case area the investment costs will 

probably be a bit lower and therefore the payback time will probably shorten. Local 

weather data was used in the solar PV modelling and the challenge of the northern 

conditions can be seen in the results. Less than half of the electricity consumption in a 

year can be self-produced with solar PV system from which about 93 percent can be 

utilized. The payback time for the solar PV system was 13 years which was three years 

less than in the previous thesis. The solar PV sizing results can be said to be as 

successful as they can be in these conditions.  

This kind of eco-district solution could actually be realized in Muhos. To accomplish 

this, the municipality needs to continue advertising the project and gather knowledge 
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from interested people. Then, if there is a suitable group of people they know where to 

look for a cooperative municipality. Even if the eco-district project would not be 

implemented as in this thesis, it gives information and tools for the municipality from 

multiple fields to utilize, as is the aim of the RECENT project. The municipality can 

give instructions to groups of houses about common waste management and its benefits. 

This thesis also gives information what variables have to be taken into account when 

planning a GSHP or solar PV system for house(s). It would be beneficial that the 

municipality establish good relations with companies providing energy equipment 

beforehand. This kind of cooperation in advance helps implementing new energy 

solutions for the willing households and makes the process more flexible. Renewable 

energy solutions in the municipality’s households would promote the municipality of 

Muhos in the aim of lowering GHG emissions as is the meaning in Towards Carbon 

Neutral Municipality project. 

Considering future research, the most important questions raised during this thesis are 

related to the peak shifting and solar panel angle and installation issues. In ideal 

scenario the consumption curve would follow the electricity production curve but in 

practice that is not possible. A lot of the peak shifting possibilities depends on how 

successful future research and equipment development are, especially safe battery 

technology with enough capacity for residential area is a challenge. In northern Finland 

biggest challenge for solar PV installations is the heavy snow loads to the structures, 

low angle from which the Sun is shining and the shading issues caused by it. Vertical 

panel installation causes a lot of shading and enables fewer panels to be installed per 

roof. If panels are installed vertically to the walls, they need to be placed high enough 

which is not possible in one-storied detached houses. Hopefully the future research 

shows if the solar PV panels can be developed to produce enough electricity in vertical 

installations to make up for the other issues it causes. 
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APPENDICES 

Municipality of Muhos 

Questionnaire: Living in an eco-district 

1. Traditional new 150 m
2
 detached house costs about 300 000 euros depending on the location. 

Energy efficient house can have, for example, solar panel and ground source heat pump systems 

that produce independent and eco-friendly electricity and heat for the resident. Electrical sauna 

stoves would be replaced by wood-heated sauna stoves and the house would have a heat storing 

fireplace. Would you be ready to pay about 30 000 – 50 000 euros more about this kind of 

house, if the investment pays itself back in about 10 years after which you produce almost free 

heat and in summer almost free electricity? 

 a) Yes  b) No 

2. The eco-district would comprise about 10 detached houses and a community of 40 people. 

Would you want this kind of area to have e.g. (you can choose multiple):  

□ common land for farming  □ common waste management system 

□ composter  □ recharge point for electric car 

□ other, what?  

3. Are you interested in above mentioned communal solutions or would you rather have a more 

individual living solution?  

 a) I am interested in communal living 

b) I would rather have an individual living solution 

4. The use of solar panels and ground source heat pump systems has increased lately as energy 

solutions for buildings. Do you trust this kind of solutions?  

a) I trust both solar panel and ground heat solutions 

 b) I trust solar panel, but not ground heat solutions 

 c) I trust ground heat, but not solar panel soluttions 

 d) I don’t trust either solution 

 e) I trust other energy solution, which? 

5. Could you see yourself living in municipality of Muhos in the future? 

 a) Yes  b) No 

6. Would you be willing to participate in the eco-district construction project in Muhos 

starting in 2017-2018? 

 a) Yes  b) No 

 

7. Own thoughts, ideas, wishes… 
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