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 List of concepts and definitions 

 Concept  Definition 

 Borehole/energy well  Refers to a vertical part of the geothermal/ground source 
 heating system, which essentially consists of the thermal 
 energy collection pipeline. In the pipeline the collection 
 fluid is circulated. Alternatively, the circulation may be 
 operated reversely for storing energy to ground. 

 Geothermal heating  Usually in Finland it refers to a system with a borehole (or 
 energy well) deeper than 6 000 m or much deeper than the 
 so-called conventional ground source system. 
 However, for the purpose of this report we will use this 
 term also for conventional ground source systems. 

 Ground source heating  Refers here to a “conventional” heat pump and ground 
 source system in which the borehole(s) depth maximum is 
 about 300 m or alternatively in which the collection pipes 
 are horizontally installed in a desired pattern at a depth 
 about 0.7 m (below the ground frost depth). 

 Heat network/pipeline  In this report this refers to a part of geothermal/ground 
 source heating system, which include only part of pipeline 
 with function of heat transferring from the source 
 (borehole/energy well) to Heat Pump 

 Renewable Energy 
 Community (REC) 

 This refers in this report to a heating energy system, which 
 is based on local and renewable energy sources (ground, 
 water, sun) and over 50% co-owned by community owning 
 housing properties 
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 Introduction 

 The Energize Co₂mmunity project’s [1] Finnish pilot focuses on the Husulanmäki housing area 
 in the rural municipality of Lapinjärvi. It is located in South Finland in the Uusimaa region 
 (Figure 1). 

 Figure 1. A map of the Husulanmäki pilot area. The pilot is in the middle near the three existing old 
 buildings. The beautiful and nature-rich area consists mainly of forest and has a few small hills. The 
 descending land meets the Lapinjärvi lake at shore which is rather densely covered by forest. 

 The pilot area of a total of 12 to-be-built semi-detached houses (Figure 2a), which comprises 3 
 blocks: Block 4 (4*150 m2), Block 5 (4*140 m2), Block 6 (4*100 m2). Husulanmäki has in 
 addition some beautiful old wooden buildings that will be part of the new residential area. 
 The original diverse forest nature in the area will be preserved.  The housing area plan has a 
 special emphasis on wood construction, low-carbon, sustainable and community housing and 
 group construction. One of the old buildings in the area is the lakeshore-sauna, which may be 
 a community sauna in the newly built residential area. In Figure 2b are presented 
 visualisations of the facade, layout of one of the suggested house types and an overall view. 
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 Fig. 2(a) 

 Fig. 2(b) 

 Figure 2. (a) A scheme of the area plan.  (b) Visualisations of the Husulanmäki housing area. 
 Designs and Ref: Hanna Jahkonen, master’s thesis 2016, Aalto University. 

 The  target group  of the pilot are the persons intended  to live at Husulanmäki housing area. 
 The municipality of Lapinjärvi is promoting the area to private persons such as those living at 
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 the Helsinki capital region and who see Husulanmäki as an interesting area where to 
 purchase a block of land and where to construct a detached house (or to have it constructed). 
 This group would later decide on investments and fund the heating system. If required, the 
 municipality could later consider to take part or to not participate in the Renewable Energy 
 Community (REC) system, as it is the present land owner and at least partly the systems would 
 also utilize the land surrounding the house plots which may be expected to remain property 
 of the municipality. 

 The Pilot focuses on the study and assessment of viable renewable heating solutions for 
 Husulanmäki. In addition to the technical and economical feasibility there are the 
 environmental, aesthetic and climate specific aspects considered. The low-depth geological 
 heating (i.e. less than 200 m well depth) was seen as a potential renewable energy solution if 
 the land plot suitability for construction and the economical and technological assessment 
 would assure the applicability to Husulanmäki. Such solutions have become more popular in 
 Finland during recent years. However, many questions of REC solutions have been open and 
 they should be answered before such a solution can become reality. It was the aim of the Pilot 
 to provide objective information and to answer the open questions. If a clear feasible REC 
 solution will be found then it was the plan to apply for a permission for initial implementation 
 of such a system. 

 Heating accounts clearly for a major share of the annual energy costs of detached houses in 
 Finland. The share of heating of space and domestic hot water accounted for 83% of the total 
 energy consumption of housing in Finland [2]. A significant way to affect this huge amount of 
 consumed energy in houses and with a substantial long-term impact is the way a house is 
 heated. This was the basis of the focusing on the heating energy systems in the pilot. The 
 share or electric energy consumed to lighting etc. is minor compared to heating energy. Thus, 
 renewable electric energy solutions were left out of the pilot study. Even if the future house 
 owners would build renewable electrical systems (such as solar PV:s) at Husulanmäki area, it 
 is not easy to reliably estimate the real consumption of electrical energy at the pilot area and 
 also the price of electric energy and constant development of technologies alters the situation 
 strongly. 

 A major obstacle for applying the electric energy installations to REC systems in Finland 
 presently is that electric energy will be taxed if it is transferred across a border of different 
 land owners, such as from one land plot to another, which would obviously be the case at 
 Husulanmäki. The construction and operation of electric energy transfer grids is momentarily 
 strictly regulated by the state. Still some electric distribution companies provide a way for 
 individuals to resell unused energy back to the grid with certain limitations. Unfortunately the 
 tax policy significantly reduces profitability of electric community energy investments and this 
 did not make it justified to include them in our Pilot. It is possible to consider the electric 
 energy alternatives separately. Therefore the scope of the pilot was limited to renewable 
 heating systems. In Figure 3 is visualised concepts of renewable and citizen energy community 
 or community energy.  Further in the text by REC we  are referring to the renewable heating 
 community energy system. 
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 Figure 3. Community Energy or Energy Community - REC vs CEC 

 The Energize Co2mmunity Husulanmäki Pilot is run by two project partners: Green Net 
 Finland ry (Helsinki) and Aalto University, School of Arts, Design and Architecture (Espoo). 
 Municipality of Lapinjärvi is an associated partner in the project. In Figure 4 is presented the 
 implementation process of the pilot development work. 

 Figure 4: Implementation process by partners in the Energize Co2mmunity Husulanmäki Pilot. 

 As it described in Figure 4, the project conducted  a set of studies and assessments such as 
 definition and pre-selection of REC solutions, geological, technical, economic, environmental 
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 and aesthetic studies.  In addition, the work included target groups engagement, survey on 
 geothermal permission processes in Finland generally,  in two municipalities particularly 
 (Lapinjärvi/Loviisa and Vantaa) and demonstration study on applying of the permission for 
 Husulanmäki. As a part of the engagement process the project also studied as additional 
 consideration subsidies for households and community aspects of construction and housing 
 such as group construction and housing cooperatives. The following chapters will describe the 
 work and results, as well summaries and conclusions. 

 Geological study 
 The project conducted a geological study at the pilot site (Figure 5). The aim of the geological 
 study was to determine the structure of the construction site from the aspect of utilizing 
 geothermal energy and to provide information to overall planning of the different 
 pre-selected energy solutions which were more closely under consideration in the feasibility 
 study. Geological properties of the construction site have a significant importance to the 
 implementation possibilities and costs of geothermal heating solutions in Finland. It was 
 known that in South Finland solid rock is present at many locations, however the rock is 
 frequently covered by layers of other types of soil. For the drilling costs the price of soft soil is 
 roughly 3 times higher per meter than that of the rock. Therefore, a thick layer of soft soil can 
 actually make drill holes too expensive to be implemented at reasonable costs. If the pilot 
 would be implemented on such a basis there would be obvious risk of the investment to be 
 not fully accomplished. We wanted to avoid this kind of situation and thus it was very 
 important to obtain measured results of a geological study. 

 Figure 5. Test drilling of the site of Husulanmäki (photo: I. Aaltio, 4/2021) 
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 The geological study is standard procedure at house construction projects in Finland. There is 
 a standard for making the study as a basis for applying for a permit to construct which e.g. 
 includes a tight matrix of samples to be taken at the construction site . However, the project 
 aim was not to make such an extensive study for each construction site and for that the 
 project budget resources would have been insufficient. Instead the study focused on key 
 locations for the potential renewable Community Energy systems, which are shown together 
 with main results in  Table 1  . This way the number  of samples (and also costs) in the study was 
 significantly smaller but the outcome provided enough information for the study of the 
 potential energy solutions which were in the focus of the project. 

 Table 1. Key areas of geological study, their planned purposes in the REC solutions and depth of 
 rock. 

 Area  Ref. Number 
 in Figure 6. 

 Planned purpose  Depth of the rock 
 from the surface 
 of the ground (m) 

 Central 
 square 

 3  Site of the energy wells for centralized 
 geothermal solution. 

 3.00 

 Block 6 (all 
 houses 100 
 m2) 

 4  Site of the energy well for the block 
 based solution 1 

 3.60 

 Block 4 (all 
 houses 150 
 m2) 

 1  Site of the energy well for the block 
 based solution 2 

 4.20 

 Between 
 block 4 and 5 

 2  North-east construction site  8.52 

 Block 5 area 
 (all houses 
 140 m2) 

 5  Site of the energy well for the block 
 based solution 3 

 16.04 

 The results of  Table 1  show that the central square  is very feasible for drilling. It is even 
 suitable as the site of a borehole array, allowing energy storage to ground which could be 
 utilized in a geothermal REC solution. The only housing block where the rock depth is above 
 10 m is the south-east one (  Figure 7)  . However, although  somewhat more expensive, this is 
 still an applicable site for drilling. This is an important result, since one of the inspected 
 options was the individual heat pumps. 
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 Figure 6. An extract of the report of the geological study showing a map of the test sites and heights 
 (m) at the Pilot area (left part of the figure; tests and report made by Taratest Oy. 

 The geological study did not focus on the construction of houses and house/foundation types 
 but on the aspect of the energy systems. However, the report concludes that in general the 
 soil type at the area is very well suited for constructions of semi-detached houses. 

 The report showed that there is a sand layer of 2-15 m in the ground immediately below the 
 hummus surface layer. Below the sand layer there is moraine or rock bottom. The depth of 
 rock at the test sites is 3...16 m from the surface. The water layer was not observed but the 
 report says it can be expected to be at about 2 m depth. The report states that the 
 geotechnical ground support load of 150 kN/m2 can be used. The frost protection must be 
 taken care of when constructing. 

 Expert assessment on technical and economical feasibility 

 Definition and pre-selection of Husulanmäki REC solutions 

 An important part of the pilot was to make a technical and economical feasibility study about 
 pre-selected REC solutions for the housing area of the pilot. For the basis of this work the 
 project’s Finnish pilot group collaborated actively. The Husulanmäki area plan and the legal 
 and authority's requirements, the municipality’s views, specific features and maps of the area, 
 background information, the rural structures etc. were taken into account. 
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 The Municipality of Lapinjärvi  had earlier studied the possibility of utilizing wood based CHP- 
 district heating to Husulanmäki. This is an important option to consider - in Finland the 
 wood-based fuels account for the largest share (28%) of total energy production [2]. The study 
 had shown that the closest existing CHP plant was too far from the area in order to 
 implement district heating with reasonable costs. The investment of a new CHP plant for an 
 area of only 12 houses was estimated to be high and also the housing area plots did not 
 readily have forest resources to be utilized for combustion plants and energy. 

 Thus, the Energize Community project focused on the  REC solutions which use renewable 
 energy sources available on site.  The project budget  was planned to include a reasonable 
 amount of expert work for technical and economical assessment. HVAC (Heat, Ventilation and 
 Air Condition) expert was required to make a preliminary technical plan for a REC solution: 

 to calculate the amounts of energy needed at the housing area, 
 to estimate the costs of the necessary components at a rough level, 
 to estimate the necessary work and construction costs for building the system taking 
 into account the actual pilot area in hand and 
 effect on reduction of CO2 emissions. 
 to make economical assessment of: 

 investment, service and financing costs, 
 energy saving calculations 

 Despite not making e.g. individual construction drawings for each system, this assessment is a 
 remarkable amount of work but it was seen as necessary as we wanted to obtain objective 
 results, which would help the future house builders to understand and provide facts for 
 choosing a suitable REC system. The expert should definitely have good knowledge and 
 experience of designing RE systems in Finland. The amount of different systems taken into 
 account in the expert work would directly increase the amount of work and of course 
 remarkably affect the assessment costs. It was clear that there cannot be too many different 
 kinds of systems to be assessed in the expert work at a reasonable cost and the parameters 
 for this assessment should be found and provided from the project as a basis for the expert 
 work. 

 Of the parameters for the assessment the estimated energy consumption of the houses is 
 highly important. The project group took into account the existing land plan and its specific 
 themes such as sustainable and low-carbon construction and circular economy. Some 
 preliminary plans for the house types for the area have been made at earlier work of Aalto 
 University at the time of generating the master  plan for the area. It was estimated that the 
 new houses in Husulanmäki could be constructed to reach a high insulation level  (39 
 kWh/m²)  - which reaches almost the passive house energy  level  in Southern Finland. Of 
 course the actual construction type and the thermal performance will be finally decided by 
 the individuals who will construct the houses. 

 Based on the above factors the project pre-selected five solutions (  Table 2  ) for the expert 
 assessment. 
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 Table 2. Pre-selected heating energy solutions for the expert assessment. 

 Description  Remarks 

 a  boreholes/separate holes (separate 
 for each building or building block) 

 The expert will consider what is the 
 most feasible amount of buildings to 
 connect to a joint source. 

 b  geothermal heating with energy 
 storage field (boreholes, allowing the 
 storing or energy) 

 Energy storage was proposed for the 
 central square [Figure 2, land plot] of 
 the pilot area. 

 c  common collection pipe installation to 
 a field nearby, includes a possibility to 
 energy storage 

 Due to shading of trees the field, which 
 is some hundreds of meters away would 
 be a feasible site to surface pipe. 
 Note: The forest of the area is protected 
 by authorities. 

 d  collection pipes in the lake nearby 
 (Lake Lapinjärvi 

 Experts will consider a feasible route for 
 pipelines joining the lake and pilot site 
 and technical solutions. The depth of the 
 pipe in the water shall be deep enough 
 to not to be frozen. 
 Note: The pipeline shall be built to a 
 depth from 1 to 2 meters because of 
 frost. 

 e  solar collectors (heat) combined with 
 a and b 

 Air to water or radiation solar collectors 
 would increase the maximum heat 
 output from the system. 

 The option of cooling the houses was not seen very important from the land plan perspective 
 and sustainable building goals, also taking into account the increase of costs and possible 
 added technical risks, and it was therefore not directly required. 

 Here we want to point out how the renewable community energy can be applied in the Pilot. 
 As proposed in the assessment the system (a) contained the individual boreholes but also a 
 block-based system, which would form communities of each block of 4 houses. System (b) 
 also consisted of a REC system where a large heat pump facility would be connected and the 
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 heat delivered to houses in the area by a local-scale small district heating network. System c, d 
 and e would also form REC systems to be used by multiple houses in the area. 

 It was also decided by the project group that in the  assessment the different solutions 
 would be compared to direct electric heating  , which  is a commonly used and 
 low-investment-solution in detached and semi-detached houses in Finland. In such a system, 
 there are typically thermostat-controlled resistive electric radiators installed in each room of 
 the house and the hot water is produced by an electric hot water heater. The individual 
 electric heating solution is of course not community energy solution, but it was selected for 
 reference to make the results easier to understand to the target group. It was expected that 
 despite the higher investment costs of the REC solutions (e.g., geothermal heating) when 
 compared to direct electric heating, their savings in the consumed electric energy over the 
 years would increase the profitability of the investment in the long term. For obtaining the 
 long term view a period of 25 years was used. The service costs and operating cost should be 
 also estimated. 

 In the tender call process the project sent out a call for tenders to 11 companies, received 4 
 offers and selected Granlund Oy as the expert company to make the assessment. The expert 
 assessment was done during spring 2021. During the work several meetings with the project 
 and expert as well as the municipality (AO) were held. The results were presented to the 
 municipality and the projects in May and the final report was delivered in June 2021. 

 The results of the expert assessment were to some extent surprising and very interesting. 
 Based on the pre-selected system alternatives (  Table  2  ) the experts made a preliminary plan 
 for each system, considering the most feasible option for the implementation at the Pilot site. 
 The proposed alternative energy solutions are explained below in more detail. 

 Descriptions of the proposed energy systems 

 For solution (a) of  Table 2  two alternatives were  suggested by the expert and agreed with the 
 project group: 

 (i) individual heat pumps and drill holes for each house (  Figure 7)  and 

 (ii) block based systems, comprising 3 blocks of 4 houses each. The block based system is 
 supported by the masterplan, where the housing area is readily divided to 3 blocks. In figure 7 
 there is the maximum allowable room-area (m2) of the houses shown for each plot and the 
 perimeter of each house is limited to be inside a given dashed box. 

 In Finland the municipalities regulate the permissions to construct houses and it is typical that 
 the maximum allowable inside area for the constructed buildings and the location is limited in 
 the master plan, which is drafted and accepted by the municipality. 
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 Figure 7. A plan of the individual heat pump solution (a). Energy wells for each house are shown as 
 blue dots. The old existing buildings were not considered in the study (without wells). 

 The alternative (b of  Table 2  ) is essentially a centralized  small-scale district heating system 
 connected to a larger geothermal heat pump (  figure  8  ). In addition, there is a drillhole-array in 
 the central square which could be utilized for seasonal energy storage, i.e. in loading energy 
 to the storage in summer and using it during the colder part of the year. Seasonal energy 
 ground-storages are a new technology which is experimented at e.g. an educational college in 
 rural finland. 

 Figure 8  shows the proposed solution c. The surface  ground heat can only be collected from 
 an area not shaded by trees. Unlike the solutions with drill holes, the horizontal collection 
 pipe installation requires a substantial area for achieving enough resource heat for the heat 
 pumps. The feasible option at the pilot area was the existing field, which is currently used for 
 farming. The field is not part of the Husulanmäki land plots. It is expected that the farming use 
 could continue even after there would be pipes installed. However, if the field would be 
 utilized for the REC system, additional costs for renting the land from the municipality would 
 be expected. 

 The small-scale district heating network is shown in red in the  figure 8  . The transfer pipelines 
 to the heating system are shown by light blue lines. The actual collection pipe installation 
 (  hashed  ) is located outside of the picture area on  the field (  brown  ). For 
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 Figure 8. A plan of proposed Geothermal system (c) using an energy collection field (near-surface 
 horizontal piping) and a centralized system. 

 Figure 9. A plan of proposed centralized Geothermal system (Table 2, b+e) with solar collectors. 

 Installing the solar collectors directly next or on the roof of the buildings is not a feasible 
 option because there are numerous trees in the area as can be seen in  figure 10  , as discussed 
 before. Instead, the collectors should be installed at a nearby location where there is as much 
 sunshine expected as possible. The feasible solution was to install them at a nearby field 
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 (  figure 8  ) which is currently owned by the municipality. The same location was proposed in 
 Figure 7  . 

 Figure 10. A picture from the Husulanmäki pilot site in summer 2021. 

 Results of life cycle cost assessment LCA 
 Based on the LCA, the profitability of a geothermal solution based on area-level centralised 
 heating is weak when compared to individual house level direct electric heating. 

 The cost-effectiveness of the block network is reduced by high investment costs in relation to 
 the area’s energy needs and high heat losses at the transfer pipeline in relation to energy 
 consumption. 

 The economic viability of a block level  heating system will improve proportionately if the real 
 estate heating energy consumption increases from the presumed energy-level (approximately 
 39 kWh / m² / year). 

 Significant factors influencing profitability in the design of area-level solutions are the 
 temperature levels of the heating network and minimizing the heat loss of heat transfer 
 piping with the right pipe type selection. The best profitability of the assessed area solutions is 
 achieved by block-specific ground-based energy systems, comprising four houses each. 
 Advantages of the block-specific solution compared to the area-level system are the lower 
 heat transfer pipeline losses, lower district heating network investment costs and the 
 moderate sized heat pump systems, in which case the investment costs remain somewhat 
 smaller. 

 However, with such low energy consumption, building-specific ground-source energy achieves 
 the best profitability among the reviewed individual and district heating  systems. Assumptions 
 for calculations are in  Table 3  . Reference solution  is direct electrical heating. Electricity price is 
 88,7 €/MWh. 
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 Table 3. Assumptions for LCA 

 Near-passive- energy 
 Higher 
 consumption 

 39 kWh/m  2  /year  77 kWh/m  2  /year 
 Heating areas/levels, m  2  Annual heating consumption, kWh/year 

 Individual 
 building 

 100  3900  7700 
 140  5460  10780 
 150  5850  11550 

 Block of 4 
 houses 

 Block 4 (4*150 m2)  23400  46200 
 Block 5 (4*140 m2)  21840  43120 
 Block 6 (4*100 m2)  15600  30800 

 All area-level 
 Blocks 4+5+6 or 12 
 buildings  60840  120120 

 The results of the expert assessment are collected to  Table 4  . Of the studied solutions the 
 most economical choice seems to be Individual heat pumps at each building, which appears 
 about  19500 EUR more profitable than the reference  case direct electric heating on the 
 life cycle perspective of 25 years, resulting in an investment profit of +4%. From the CO  2 

 reduction viewpoint it has also the highest reduction of emissions of the studied cases: 
 4.2 tons/year CO₂. 

 For the centralized solutions there are remarkable investments to be made. On the other 
 hand, the low estimated energy consumption of the houses at the Pilot area provides only 
 moderate possible savings in the annual electric energy costs. This results in the situation that 
 the pay-back time for the centralized solutions is quite long (more than 25 years). 
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 Table 4.  Results of the expert calculations based on the estimated 39 kWh/m2 energy 
 consumption. 

 39 kWh/m2 
 (=near- 
 Passive 
 energy 
 houses) 

 Reference 
 case: 
 Separate 
 direct 
 electric 
 heating at 
 each 
 building 

 Centralized 
 energy 
 solution: 
 geothermal 
 heating with 
 energy wells 

 Centralized 
 areal heating: 
 Energy wells, 
 solar 
 collectors 
 100m2 and 
 water heat 
 storages 8m3 

 Centralized 
 area heating: 
 Horizontal 
 collection 
 pipes 

 Centralized 
 area heating: 
 Lakewater 
 heat 

 Block-based 
 areal 
 network: 
 Energy wells 

 Individual 
 heat pumps 
 (geothermal) 
 at each 
 building 

 Investment (€)  0  140100  209200  143900  141200  117100  111400 

 Savings in 
 electrical energy 
 costs (MWh/y) 

 0  47  51  49  49  48  61 

 Savings in 
 electrical energy 
 costs (€/y) 

 0  2900  3300  3100  3100  2700  5400 

 Service costs 
 added (€/y) 

 0  700  700  700  700  600  200 

 Costs savings 
 sum (€/y) 

 0  2200  2600  2400  2400  2100  5200 

 Saving in CO2 
 emissions (tCo2/y) 

 0  3,2  3,5  3,4  3,4  3,3  4,2 

 Direct pay back 
 time (y) 

 63,7  80,5  60  58,8  55,8  21,4 

 Discounted 
 pay-back time of 
 the investment 

 >25 year  >25 year  >25 year  >25 year  >25 year  21,4 

 Life Cycle costs(-) 
 or savings (+) 
 (€/25y) 

 -84800  -145300  -84700  -81600  -64000  +19500 

 Internal rate of 
 return (%), on 25 
 years 

 -3  -5  -3  -3  -2  +4 

 Energy consumption of houses actually will depend on many factors. If the energy 
 consumption (kW/m2) would be higher it would significantly reduce the pay-back time of the 
 investments. The experts also made a scenario with a higher energy consumption 77 kWh/m2 
 (table 5. Such energy consumption in general in Finland is still very low for a detached house 
 today. The scenario increased the profitability of individual heat pump solution to 127 000 
 EUR (compared to direct electric heating) and reduced the discounted pay-back time to 12.8 
 years. Despite the higher estimated energy consumption the order of the profitability and 
 also the order of CO2 reduction remained the same. However, now the  Block-based system 
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 with energy wells  also becomes profitable with 5% return on investment (  Table 5  ). Such a 
 community energy system could thus be constructed and it would be clearly more profitable 
 than direct electric heating. It should be noted that the solution of  individual geothermal 
 heat pumps  for each house has the highest internal  rate of return 9%. 

 Table 5. Results of the study based on a higher energy consumption (77kWh/m2). 

 77 kWh/m2 (=Eg. a 40 
 years old 
 semi-detached 
 house) 

 Reference case: 
 Separate direct 
 electric heating at 
 each building 

 Centralized energy 
 solution: geothermal 
 heating with energy 
 wells 

 Block-based area 
 network: Energy wells 

 Individual geothermal 
 heat pumps at each 
 house 

 Investment (€)  0  173500  141100  131600 

 Savings in electrical energy 
 costs (MWh/y) 

 0  104  106  121 

 Savings in electrical energy 
 costs (€/y) 

 0  8100  7900  10700 

 Service costs added (€/y)  0  900  800  400 

 Costs savings  sum (€/y)  0  7200  7100  10300 

 Saving in CO2 emissions 
 (tCo2/y) 

 0  7,2  7,4  8,4 

 Direct pay back time (y)  24,1  19,6  12,9 

 Discounted pay-back time of 
 the investment 

 23,8  19,9  12,8 

 Life Cycle costs(-) or savings 
 (+) (€/25y) 

 5900  34600  127200 

 Internal rate of return (%), on 
 25 years 

 3  5  9 

 Summary of the economical and environmental assessment results 

 A comparison of investments, maintenance and energy costs for two levels of estimated 
 energy consumption (39 and 77 kWh/m2/y) is shown in  Figure 11  . Some observations can be 
 made based on the results. 

 Pay-back periods for building-specific ground-source heating system option: 
 ●  22 years for heating energy consumption 39 kWh vs. 
 ●  13 years for 77 kWh/m2/year 

 The achieved CO  2  emissions reduction is appr. 75 %  (when compared to direct 
 electric heating). 
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 Pay-back period for area-network-type ground-source heating system: 
 ●  over 25 years for heating energy consumption 39 kWh vs. under 25 years for 

 77 kWh/m²/year 
 ●  CO₂ emissions reduction is appr. 60 %. 

 With area-level energy systems, profitability is weak and the pay-back period is well over 25 
 years. However, even in these cases, larger heating energy consumption clearly improves the 
 profitability of the investment. 
 With a heating energy consumption of 77 kWh /  m²  ,  the pay-back time of all district (mutual) 
 energy solutions compared to the reference solution is less than 25 years. When the 
 consumption of heating energy is higher, a larger heat pump system shall be made and the 
 profitability of the system further improves by the better efficiency of the heat pump which 
 reduces its annual electric bill. 

 The profitability of the solar heat collector system in connection with the district heating 
 system proved to be weak. Achievable savings of purchased energy consumption were so 
 small that the system cannot be recommended from a life-cycle cost perspective. The benefits 
 of the system are highlighted at larger energy systems with more energy wells where the 
 excess solar heat can be charged. In addition to the solar heat collectors, air-to-water-heat 
 collectors were considered as a charging source. Charging the energy wells directly with 
 outdoor air is not a cost-effective solution in a small district network but on a larger scale 
 system the solution becomes attractive  . 

 Figure 11. Comparison between construction and energy consumption levels. 
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 Results of technical assessment of proposed REC systems 
 There are significant differences in the studied REC solutions from the technical aspect such 
 as space requirements, depth of boreholes, length and complexity of pipelines, etc. In this 
 chapter we collect a summary proposed by an external expert (Granlund Consulting) technical 
 aspects of REC systems. 

 Option 1: centralized ground-source heat pump system for all twelve houses 

 The design data for the heat pump system are shown below: 

 ●  For heating energy consumption 39 kWh /  m²  utilizes  a  heat pump of about 55 kW  , 
 which serves the entire heating network. In the solution, the heat pump supplies the 
 properties with constant heat water depending on the design, 35 - 45 ° C regardless of 
 the season. 

 ●  Hot water is primed in buildings with the help of a small (  about 5 kW per property) 
 electric accumulator. This way it optimizes the efficiency of the heat pump and the aim 
 is to minimize the heat losses in the area heating network. 

 ●  System includes  3 bore-holes (depth of 320 m) energy  wells  , which are drilled to a 
 distance of about 15 meters one another. 

 ●  The system requires an  additional electrical connection  (main fuse 3 x 80 A)  for the 
 need of a heating center. 

 ●  The calculated heating energy consumption of the district network, network losses 
 included, is  about 101 MWh / year  . 

 ●  The solution  produces approximately 94 % of the properties'  heat demand  with 
 geothermal energy. The average  COP is 3.6  (for flow  temperature of 40 ° C). About 73% 
 of the thermal energy produced comes from the ground and the rest from electrical 
 energy. 

 ●  In the life cycle costing, it was assumed that the geothermal system equipment could 
 be located in the area in any case maintenance or technical buildings to be built, i.e. a 
 separate building for the geothermal system is not required. 

 Preliminary identified opportunities / risks: 
 ●  The construction costs of the centralized system are higher than individual systems. 
 ●  The centralized system needs a specific ownership structure, such as a Housing 

 company or co-operative. However, there are already existing buildings in the area, 
 which are planned to be commonly used. Heat pump installation could be allocated at 
 the common area. 

 ●  The entire area (planned 12 houses) should be built at once. Otherwise the system will 
 be oversized. 

 ●  Centralized maintenance could be easier to implement (outsourcing). 

 Option 2: block of four houses level ground-source heat pump systems 

 ●  Heat pumps of 15 – 20 kW  per each block 
 ●  One  energy well á 220 - 290 meters  is needed for each  block. 
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 ●  Estimated total length of  280 meters of the heating network  consists of excavations 
 in the ground, the  digging depth of the pipes is  0.7-1 meter  . 

 ●  Three technical spaces  are required to be placed in  connection with the service 
 buildings (the space requirement is about  13  m²  per  technical space  ). 

 ●  Hot water is primed in buildings with the help of a small (about 5 kW per property) 
 electric accumulator. 

 ●  The system requires an  additional electrical connection  (main fuse 3 x 50 A)  for the 
 need of a heating center. 

 ●  The calculated heating  energy consumption of the district  network, network 
 losses included, is about 97 MWh / year. 

 ●  The solution produces approximately 94 % of the properties' heat demand with 
 geothermal energy. The average COP is 3.6 (for flow temperature of 40 ° C). About 73% 
 of the thermal energy produced comes from the ground and the rest from electrical 
 energy. 

 ●  A heat pump is installed in the service buildings, pumps, water accumulators and as an 
 additional heat source electric boiler  to be used. 

 Preliminary identified opportunities / risks: 
 ●  Unit costs for a block-by-block system are lower than fully decentralized or 

 building-level system. On the other hand, separate regional networks raise the 
 investment cost. 

 ●  Maintenance costs are lower when inspection and maintenance is only required for 
 three heat pump units instead of 12 heat pumps in building-level option. 

 ●  If the entire block is not built at once, then phasing out a higher risk 
 ●  On the other hand, the heat pump system can be expanded also afterwards, but it 

 raises costs and is more challenging when some of the buildings are already in 
 residential use. 

 Option 3:  individual house level ground-source heat pump systems 

 ●  Heat pump  6 kW 
 ●  For each building  boreholes 45-70 m deep  (depending  on building area 100 – 150 m2) 
 ●  Technical spaces are required - about  5 m² per each  building 
 ●  No requirements for additional electricity, a standard fuse size of 3x 25 A is sufficient. 
 ●  At all area-level, the energy consumption by this option is appr. 78 MWh. 
 ●  The solution produces almost 100% of the heat demand of properties. The COP is 4.1 

 when the maximum flow temperature for underfloor heating is 35 ° C and domestic 
 hot water is produced by a heat pump. 
 Preliminary identified opportunities / risks: 

 ●  The construction costs of the individual system is lower than in the centralized system, 
 because there is no need for the small scale district heating pipelines. 

 ●  Co-operative-type ownership system is not necessary. Owner of the house will procure 
 the system and arrange maintenance by him/herself. 

 ●  Flexibility: implementation of the Housing area and heating systems can be done 
 partially (house-by-house). 

 ●  Maintenance is under the responsibility of each house owner. 
 ●  There is no possibility to earn future savings with Community energy. 

 23 



 Assessment of construction ,environmental and aesthetical aspects 
 The acquired community energy result is valuable knowledge that is a crucial part of 
 Husulanmäki project, which will continue after the Energize Co₂mmunity project has 
 concluded. Even though the expert assessment has shown that individual geothermal heat 
 pumps have more savings than other more community energy oriented solutions, the 
 community aspects of non-individual heat pumps can still be desirable for future residents 
 and they can choose to pursue community energy solutions as they see fit. 

 In the expert assessments, rough energy consumption estimation were used for the energy 
 savings calculation. However, actual energy consumption from building operation of 
 Husulanmäki houses can still change. The difference in energy required to heat up interior 
 space between standard buildings and low energy buildings can be extreme. Therefore, the 
 feasibility of each energy solution that has been studied will highly depend on the 
 construction type chosen by future residents. In order to improve future Husulanmäki 
 decisions on their energy solutions, detailed energy demands of construction types were 
 studied further by Aalto university by IDA-ICE simulation software, which is commonly used by 
 Universities and energy consulting companies in Finlan  d. Figure 12. below simulates the 
 amount of energy required to provide heating for the buildings with different wall structures. 
 The wall systems were chosen based on recommended design for Husulanmäki houses and 
 other common wall construction in Finland. 

 Figure 12. Comparison of energy consumption and U-value between each construction type 
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 U-value is the heat transfer coefficient, which describes the thermal transmission capability of 
 the structure. Nonetheless, this expert assessment is valuable knowledge that will help future 
 Husulanmaki residents make informed decisions regarding the energy system for their 
 community. 

 Environmental aspects  of Husulanmäki are another important factor that have been 
 examined in this project. One important aspect of the Husulanmäki project that has to be 
 considered is the diverse forest nature in its vicinity, which should be preserved. Any 
 construction of any shared energy production plants can have impacts on the environment 
 around the project. Constructing the bore hole or pipelines required machinery that could 
 disturb the soil and plants at the site. Constructing collection pipes in Lapinjärvi lake will also 
 disturb the lake environment. The impact of construction can be further extrapolated, 
 depending on the period of the construction. In this case recurring construction of individual 
 energy wells or block-based ones has the potential to create a larger impact than other 
 one-time-construction. Some of the proposed community energy options might have ongoing 
 effects on the Husulanmäki environment. One of the examples is the Air-to-water heat 
 exchangers, which might produce sounds during its operation.  Air-to water heat exchangers 
 were considered as a part of one of the energy solutions in the expert assessment work. 
 Moreover, collection pipes and solar panel solutions need to occupy a significant amount of 
 open space. The existence of these pipe systems will limit the space for nature or any future 
 usages. We suggest placing the horizontal collection pipes to the nearby field instead of the 
 land plots of the houses. These issues have to be addressed in the future construction of the 
 Husulanmäki house project. Final consideration can be done after the residents have made 
 the decision on their energy solution. 

 However, utilizing renewable sources can have positive handprints as well, especially in the 
 topic of carbon footprints. Ba  sed on the expert assessment, savings of direct heating from the 
 use of geothermal heat pumps will result in carbon footprint reduction for Husulanmäki 
 houses. The higher the direct electricity savings the higher the reduction in carbon footprints. 
 This means that individual geothermal heat pumps, which is the most effective solution, is 
 also performing the best in CO  2  savings. However,  there are potential negative environmental 
 impacts from installing geothermal heat pumps. One example of this negative impact is the 
 embodied energy of heat pump equipment. CO  2  savings  in expert study did not take into 
 account embodied energy for constructing geothermal heat pumps. Moreover, there is 
 currently a knowledge gap regarding the embodied energy of geothermal heat pumps. 
 Therefore the life-cycle impact of geothermal heat pumps is currently unknown, and should 
 be considered once more research has been done in this topic. 

 Aesthetic aspects  will also affect the future livelihood of Husulanmäki residents. Any energy 
 systems that have to be built on large open sp  ace will be visible in varying degrees. The solar 
 panel solution has the highest potential to create visual nuisance. This is due to the high 
 visibility of the structure and also the material which tends to be reflective. Collecting pipe 
 options will have significantly less effect, since it can be easily hidden in the ground or 
 underwater. The use of shared energy wells also has a po  tential negative impact on this topic. 
 Additional ground structure is required for shared energy wells. The most suitable location for 

 25 



 these additional ground structures will be in the courtyard of the Husulanmäki project. This 
 may potentially create minor functional obstructions or visual nuisances. Individual 
 geothermal heat pumps however, will be integrated into the house itself. Thus, it will not have 
 negative aesthetic influences on the courtyard. It will, instead, occupy some space in each 
 house, which the future houses should be designed in a way that allows the accommodation 
 of a heat pump system. For the aesthetics sake the project suggested to place the pipeline 
 between the housing area and lake on an existing old service-road path so that no major 
 changes to surroundings must be made. Also the connection pipes between housing area and 
 the field are allocated to go around the hill and not through it. An option could be to utilize 
 the existing old buildings which are not in use for possible location of heat pumps and 
 technical space for the centralized solutions. 

 To summarized environmental and aesthetical aspect in this section, the three most efficient 
 energy system that have been chosen in the previous section will be compared below 

 Option 1: Centralized ground-source heat pump system for all twelve houses 

 -  The wells need to be drilled only at one place. This may limit the construction 
 time. 

 -  Less drilling causes less disturbance for the residents and environment. 
 -  Does not require additional space for pump in each house 
 -  Occupy courtyard space, restricting future use and potentially create visual 

 nuisance. However, the wells are covered by the soil and thus the visual impact 
 can be low. 

 Option 2: Block of four houses level ground-source heat pump systems 

 -  Three sets of wells needed, construction time is more extended than option 1 
 but less than option 3. 

 -  Has more disturbance for the residents from construction process than option 
 1 but less than option 3. 

 -  Does not require additional space for pump in each house. 
 -  Occupy space at 3 locations, restricting future use and potentially create visual 

 nuisance. 

 Option 3:  Individual house level ground-source heat pump systems 

 -  Twelve wells needed, involving construction everytime a new resident 
 constructs a house. 

 -  The construction process has potential to be recurring, creating high 
 disturbance for other residents and environment. 

 -  Additional space for pumps in each house is required, creating some functional 
 restrictions. 

 -  Does not occupy courtyard space, allows more flexibility for future shared 
 functions. 
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 Permission process for geothermal heating in Finland 
 A building or operation permit is required in Finland when the heating system of a building is 
 changed to utilize geothermal energy, or when it is desired to use geothermal heat as a 
 source of additional heat. In new buildings, the construction of a geothermal well is dealt with 
 in connection with a building permit. Geothermal heat collection systems can be installed in a 
 heat well, ground circuit or water system. 

 Environmental regulations restrict the placement of geothermal systems 

 In Lapinjärvi and Loviisa, certain restrictions have been placed on the installation of 
 geothermal heat in local environmental protection regulations. The restrictions are intended 
 in particular  to protect groundwater and to prevent  risks and problem situations  [5]. 

 Environmental protection regulations are  municipality-specific.  Some smaller municipalities 
 are forming collaborations with bigger towns. As for example in our pilot case Husulanmäki, 
 the municipality of Lapinjärvi with Loviisa. The local conditions are similar and the regulations 
 are therefore the same. In addition to geothermal systems, subjects of the regulations are: 
 recovery of concrete and brick waste, noise, oil tanks, wastewater treatment, civil engineering, 
 washing of vehicles and boats and placement of outdoor areas for horses. The Environmental 
 Protection Authority may, in individual cases, grant an exemption from compliance with 
 environmental protection regulations for specific reasons. 

 The main  restrictive aspects for geothermal heating  permissions  are the location of 
 groundwater reservoirs, proximity of neighboring buildings and underground constructions 
 (e.g. tunnels or parking halls exceeding the land plot on the surface). The ground source and 
 geothermal heating permissions are a subject of municipal level authorities. 

 Building permit administration in Loviisa and Lapinjärvi 

 The city of Loviisa and the municipality of Lapinjärvi have joint construction supervision. The 
 co-operation includes all tasks of building control authorities. Decision-making takes place in 
 the Construction and Environment Board under the City of Loviisa, where Lapinjärvi has two 
 (2) representatives [7]. 

 Building permission authorities assist and advise customers on construction-related issues 
 and building permit issues, and monitor that construction meets the requirements set for it in 
 the Land Use and Building Act and the Land Use and Building Regulation. 

 Construction permits can take up to 2-3 months to process. If the application is incomplete, 
 the processing time is calculated from the time the application is completed. Applying is 
 possible electronically from  the city's eService  .  Advice, forms and other guidance are 
 available from the customer service office Lovinfo (serving customers every weekday from 9 
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 am to 4 pm in the office), by phone or by e-mail. If customers can't find the needed 
 information on the website or want to meet face to face, they can call the building inspector 
 and make an appointment. 

 Groundwater location at Lapinjärvi 

 Based on research from a map from the joint website of Finland’s environmental 
 administration  www.ymparisto.fi  and its section on  groundwater protection, it was observed 
 that the Husulanmäki pilot area is not located on the groundwater areas (see  Figure 13  ). So, 
 the conclusion could be that there are no environmental restrictions for geothermal system in 
 Husulanmäki. 

 Figure 13. Screenshots collage on locations of groundwater areas in Lapinjärvi. Source: 
 www.ymparisto.fi 

 How to apply for a permit for geothermal hea�ng in Lapinjärvi/Loviisa? 
 Application to the building permission authorities with the following information / 
 attachments: 

 ●  project designer who must have adequate experience and training in thermal economy 
 and construction 

 ●  in the case of a housing company, the decision minutes of the Board of Directors and 
 the extract from the trade register 

 ●  a statement of the composition and quantity of the heat transfer medium and 
 additives used in the collection pipeline 
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 ●  acknowledgments from all neighbours regarding the notification of the initiation of a 
 building permit (so-called consultation of neighbours) 

 ●  possible statements (only wiring maps do not need to be provided) 
 ●  Site plan drawing (3 pcs.), in which the distance of the heat well is marked from the 

 water wells, the nearby boundaries of the plot and buildings, and the drilling angle, if 
 the drilling angle of the heat well deviates from the vertical 

 ●  Plan  drawings (2 pcs.) if changes occur in the building 
 ●  a statement of the current and future heating system. 

 Demonstration of applying a permission for a geothermal heating 
 via the City of Loviisa e-Service 

 Permission applying happens via  https://kartta.loviisa.fi/ePermit/fi/Account/Register  -  the 
 electronical building permission service of the City of Loviisa. Mandatory information for 
 registration is e-mail, password, first name and surname. The process is presented by  Figures 
 14-17  . After proceeding through registration, activating  account and selection of service 
 maalämpö  (geothermal in Finnish) (  Figure 14  ) the process  goes further to application phase 
 (  Figure 15  ), which starts from creation of a new application  followed by filling mandatory 
 attachments. 

 Figure 14. Part 1 of the process of applying geothermal heat permission. 

 The application for geothermal heating include the following  mandatory attachments  : 
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 Site plan drawing 
 Report on the consultation of neighbors 
 Official formula extract 
 Land registry statement 
 Any attachments required 
 Proof of law 
 Trade register extract 
 Power of attorney 
 Other attachment 

 Figure 15. Part 2 of the process of applying geothermal heat permission. 

 The following step in the process (after filling all mandatory attachments) is a section 
 dedicated to  consultation of neighbors.  This means  that all land/property owners, which have 
 joint borders with land plot with property subject to the application, need to be listened 
 to/informed about the matter of the application. If the separate attachment with description 
 of the consultation process already provided in the previous section, then the system 
 proceeds further and informs that the application is ready for sending (  Figure 16  ). 
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 Figure 16. Part 3 of the process of applying geothermal heating permission. 

 The final step in the process is the applicant identity verification, which happens via bank 
 account. After proceeding with this, the system informs about delivery of the application with 
 the date. Also the applicant receives simultaneous confirmation by e-mail. 
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 Figure 17. The final part 4 of the process of applying geothermal heating permission. 

 After the applicant has submitted the application, the authorities’ permission secretary checks 
 the application (happened during the same working day in our demonstration application) . 
 After that the application proceeds to the permission expert. Notifications received: “ If the 
 site plan is larger than A3, we would ask the applicant to also submit the main drawings on 
 paper, 3 pieces (because we do not yet have an electronic archive). The authorities instruct 
 that if there are any neighbor’s written consultation missing, they will charge 40€/neighbor 
 and the authority will implement the consultation. 

 Ac�vi�es a�er drilling a bore hole of heat well 

 There are important obligations to be fulfilled after one has obtained a permission for a 
 geothermal heating system. It is important to realize that the dust resulting from rock drilling 
 is extremely fine and must be taken care of properly. The main things to consider are: 

 ●  Rock dust and sludge generated during well drilling should be placed and handled in 
 such a way that it does not harm neighbours or the environment. 

 ●  If the rock and sludge formed during drilling cannot be utilized at the place of origin, a 
 written report must be made to the Environmental Protection Authority on its disposal 
 elsewhere. 
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 ●  A location inspection of the property must be ordered from the Real Estate and Spatial 
 Information Office before the final inspection. 

 The person in charge of drilling works submits the Geothermal Well Drill's data collection form 
 to the building inspectorate, which comes with the permit. 

 A final inspection of the building must be requested from the property 

 When renewing geothermal heat transfer fluids, the decommissioned fluid must be collected 
 in sealed containers and delivered to an appropriate waste disposal site. 

 Heat collection piping to be placed in the water 

 A system placed in a water body requires the consent of the owner of the water area. In 
 addition, a permit from the Regional State Administrative Agency in accordance with the 
 Water Act is required, e.g. placed in a river, narrow passage or strait. If necessary, the 
 Uusimaa ELY Center can be asked for an opinion on the need for a permit in accordance with 
 the Water Act. 

 Comparative to Loviisa case Vantaa 

 Permit for a geothermal heating system is required also in Vantaa (became subject to a permit 
 in May 2011). The permit requirement also applies to the installation of heat recovery piping 
 to be placed in the soil or water. A permit is required when the building's heating system is 
 replaced or the geothermal is renewed or when it is desired to use geothermal energy as a 
 source of additional heat. The permit does not apply to new construction, as the heating 
 system of the new building will be decided in connection with the building permit. 

 Possible restrictions are the groundwater area or too close to another heat well or borehole. 
 In Vantaa, special restrictions on drilling a heat well are caused by the Päijänne water-tunnel, 
 the Helsinki metropolitan region Ring Road traffic tunnel, Vuosaari-Kerava line tunnel and 
 sewage tunnel. An obstacle to drilling a heat well can also arise from the fact that preparing 
 an underground town plan for the area in question. Location map of the underground lines 
 could be ordered:  https://gis.vantaa.fi/karttatilaus/ 

 The operating permit is applied for electronically at  www.Lupapiste.fi 

 The building permission service  Lupapiste  is a national  level electronic service in which 
 citizens, companies and organizations manage their building permit and notification matters 
 in interaction with the authorities and other parties (Figure 18). As the  Lupapiste  handles 
 confidential and licensed information, the identity of the users must be verified using online 
 banking accounts or a mobile application. Strong authentication through the Suomi.fi service 
 is applied. The service is available in Finnish and Swedish languages. 
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 About 60 % of Finnish municipalities joined the service. Vantaa is one of those. 

 The Lupapiste has a wide set of services on permission matters for construction and land use. 

 Some of advantages of the Lupapiste: 

 possibility to buy building drawings electronically (e-stores available in 19 
 municipalities, incl. Helsinki and Vantaa). 
 possibility to customize decision templates and phrase bank by municipality, and the 
 automatic import of transaction data by functionality PATE for the effortless decision 
 making 
 The decision can be published directly from the same service 
 A separate data transfer for decision-making between the back-end system and the 
 Licensing Point can be forgotten 

 Figure 18. Screenshot of Lupapiste online service. Accessed on 20.9.2021 

 The basic information needed for the application for permission for geothermal heating 
 system is more or less is the same as in Loviisa with special descriptions: 

 on neighbor's consent, if a hole less than 7.5m from the border a position drawing 
 showing and dimensioning the location of the hole 
 location of underground lines (can be ordered online;  form to apply for a location 
 report: 
 https://matti.vantaa.fi/portal/apps/GeoForm/index.html?appid=8efa6fcd3b094803b71a 
 f531071593ae  , the normal delivery time for the location  report is 3-5 working days, 
 and the map is valid for 2 weeks). 
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 upon completion of the drilling work, a drilling report is submitted to the Permit Point 
 Plans and Appendices tab and information about attaching the report to 
 mio@vantaa.fi 
 changed geothermal hole location information from the original (= updated site plan) 
 If the property has an underground oil tank, it must be removed or a permit must be 
 applied for from the Vantaa Environment Center to leave the tank in the ground. 

 Simply installation of a heat pump itself (without drilling) does not require a building 
 permit.  Installation work must be carried out in accordance  with regulations by an expert in 
 the field. 

 If a geothermal hole is drilled as an oblique hole so that it extends to the neighbor's side, an 
 encumbrance agreement must be made and the real estate encumbrance established by the 
 measurement department must be established. 

 Appropriate treatment of the sludge generated by the drilling of the geothermal hole must be 
 taken care of, the responsibility remains with the person undertaking the project. 

 Heat recovery fluids used in geothermal systems must be safe for the environment and 
 health. The pipe materials used must be approved. The regulations for flammable liquids 
 must be observed during storage and handling. 

 Any overflow from the borehole shall be directed to the stormwater network or to the open 
 ditch with a drain pipe with a dam valve. 

 The permit point contains the statements and instructions of the respondents regarding the 
 project, in which the requirements set out are taken care of by the person undertaking the 
 construction project and his experts. 

 Application of permission for geothermal heating in the Lupapiste/ building permission 
 service include also a separate part for filling data on construction and demolition waste with 
 the link to information service on recycling (kierratys.info) (  Figure 19  ). 
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 Figure 19. Screenshot of part of the electronic form of Lupapiste service geothermal heating 
 application for filling data on construction and demolition waste. Accessed on 20.9.2021 

 Comparison summary on  applying of geothermal heating permission in 
 Loviisa and Vantaa 

 The summary based on descriptions in the previous chapters is collected into Table 6. 

 Table 6. Comparison of some aspects of application of geothermal heating permission in Loviisa 
 and Vantaa 

 Aspect  Loviisa  Vantaa 

 System for applying  Own e-service for building 
 permissions 

 Nationwide online service for 
 building permissions 
 Lupapiste (“Permission Point”) 

 User account and new 
 application creation 

 Registration without strong 
 authentication (asked by the 
 system only at the phase of 
 submitting application) 

 Strong authentication 
 already in the phase of 
 creating a user account. 

 Notifications from the 
 system to user email 

 Simultaneous in the phase of 
 creation new account, application 
 and submission of the application 

 Simultaneous in the phase of 
 creation new account, 
 application and submission of 
 the application 

 Activation of account  Via link in the “welcome” email  Via link in the “welcome” 
 email 
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 Communication with 
 authority during the 
 process of filling 
 application 

 Not possible during filling in of 
 application and mandatory 
 attachments. 

 Possible to ask questions 
 online within the process of 
 filling the application. 

 The first step of 
 feeding of information 

 Selecting the location of the land 
 plot subject of the application. 

 Selecting the location of the 
 land plot subject of the 
 application. 

 Feeding of information 
 related to the bore 
 hole (location and 
 distances) 

 Site plan (3 pcs.), in which the 
 distance of the borehole/heat 
 well is marked from the water 
 wells, the nearby boundaries of 
 the plot and buildings, and the 
 drilling angle, if the drilling angle 
 of the heat well deviates from the 
 vertical. 

 Indicative minimum distances 
 to the relevant objects 
 (  another heating well/ borehole, Tire 
 well,Building, Plot boundary, Own 
 water and sewerage pipes, Other 
 water and sewerage pipes, Own 
 heating lines, Other heating cables, 
 WC sewage discharge point, Gray 
 sewage unloading site  ) 
 are indicated in the separate 
 part of the application and 
 asked to mark, if the 
 application case’s distances 
 fulfill those indicative 
 distances. There are also 
 spaces for notifications in the 
 text format. 

 Data on construction 
 and demolition waste 

 No such place in the system or 
 the separate mandatory 
 attachment. 

 Separate place in the 
 application form. Separate 
 place for informing of 
 hazardous waste. 

 Engagement - Thoughts of the target group 
 We interviewed a person who has until now lived about a year at Husulanmäki pilot area as a 
 “test inhabitant”. Ms. Tanja Korvenmaa is a single lady, who has lived in an existing cottage 
 near the shore in the vicinity of the planned housing area. It is interesting to learn about her 
 observations and views, even if the planned future houses will be larger buildings and there 
 will be later more inhabitants in the area. She found Husulanmäki by participating in a 
 Lapinjärvi development event in Helsinki and got interested in the area. 

 For Ms. Korvenmaa moving from the center of Helsinki was a big change, because she had 
 lived in a shared apartment in the heart of the city to a rather distant rural site in the middle 
 of nature. It is obvious that being the first single inhabitant at Husulanmäki she feared the risk 
 of loneliness, which was partly realized also. She told us that she had got herself a dog at 
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 Husulanmäki for giving her company, which she finds a very good decision (Figure 20). 
 However, as there is no street lighting or near neighbors in the area, the fall-winter season 
 has been quite dark and lonely. 

 (a)  (b) 

 Figure 20. The “test inhabitants” Ms. Korvenmaa (a) and “Loke” the dog (b) - a pioneer and friend at 
 Husulanmäki. 

 Another change to her at Husulanmäki was that the services are not as close as in the city. 
 There are a few kilometers to any shop. In addition, she missed her friends who she 
 frequently met in the city and decided to purchase her first ever car as the friends were not 
 often able to visit her. She said that it has been a surprise to her how much more the car 
 provides freedom and independence. She visits Helsinki from time to time on weekends. 

 The beautiful and changing nature she saw as a definite positive side at Husulanmäki. It has 
 given her plenty of inspiration. She mentioned also that during the wintertime it has been 
 important for her that her job allows her to have a daytime break for going outdoors when 
 the darkness has not yet fallen. Altogether, for her as an online-worker (organization 
 development branch) it has not really been any problem to live and work at Husulanmäki. Of 
 course the presently continuing COVID-situation has generally affected the share of online 
 work. 

 She was introduced to the community energy concept and the Energize FIN pilot results 
 including the potential solutions to Husulanmäki at the Energize project dissemination event 
 in August 2021. She definitely finds renewable energy solutions as the only viable choice 
 today for environmental reasons. Community Energy solutions are interesting but as she has 
 no experience of them she sees some risks as well. One possible risk is the question of 
 administration and service. She comments that a Community Energy solution could be a good 
 choice for Husulanmäki if it is economically feasible and if the future house builders favor it. 
 She says that  one risk of a co-owned energy system  is the question, how much time and 
 effort is there to administer and keep the system running - and who will be responsible 
 for that.  She also commented that the individual heat  pumps seem clearly to be an 
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 interesting solution for Husulanmäki, as was found in the feasibility study. She fully agrees 
 with the results of the feasibility study. 

 Additional considerations: Subsidies 

 According to our project partner in Denmark, it was learned during the project that in the 
 Energize Denmark-pilot there appeared a surprisingly dominating effect by the local subsidy 
 policy. Subsidies in several European countries aim to e.g. promote the decrease of CO2 
 emissions, which is a target of both EU and most governments such as in DK and FIN. In 
 Denmark the subsidies significantly changed the feasibility of potential renewable energy 
 solutions for the case of multiple semi-detached houses. The CE solution was first seen as 
 feasible, but because of the subsidy policy it turned out to be not feasible at all. It was seen as 
 worthwhile to find out about relevant subsidies for our pilot case and target group in Finland. 

 In Finland there are currently three main forms of subsidies intended for renewable energy 
 solutions, which are shortly explained in the following. 

 A. Household deduction of tax (kotitalousvähennys) (government) 

 Authority: tax office, VH6683/2020 

 https://www.vero.fi/henkiloasiakkaat/verokortti-ja-veroilmoitus/tulot-ja-vahennykset/ 
 kotitalousvahennys 

 Individually deductible for work costs (not equipment costs) for repairing, servicing or 
 renovating existing own residential built property (permanent or vacation home of a person 
 or his close family members). Not applicable for new constructions. Not applicable for design 
 costs. Not applicable to buildings where you don’t live 100% of the year. 

 E.g. owners are a married couple: both can share and deduct individually. In 2020 max. 2250 
 EUR/year/person with self-payment of 100 EUR. Only applies for the work costs paid to a 
 company. 

 Conditions: the work costs have to be done by a company registered in Finland. They have to 
 have been paid on the previous tax year (1.1.-31.12). 40% of the paid work to a company can 
 be deducted from your taxes, to be paid during the following year. For obtaining maximal 
 deduction, the value of the work part shall be 5875 €. Temporary support (currently valid until 
 changed). 
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 B. Special support for replacing oil-heating of year-round homes 

 Authority: ELY  https://www.ely-keskus.fi/oljylammityksen-vaihtajalle 

 Temporary support for a limited time 1.6.2020-, for private house owners. Only available for 
 conversion of existing heating systems (not applicable for new constructions or vacation 
 homes). Requires plans and budget calculations. Should be applied in advance before the 
 project. 

 Fixed amount, 4000 EUR (from oil to DH, geoth. Heat pump of air-to-water heat pump). 2500 
 Eur (from oil to other heating types which are not using fossil fuels). 

 Government has committed 70 MEUR more for this subsidy: 65 to private homes and 5 M€ to 
 municipalities, churches and associations. In 2021 so far more than 15000 house-owners have 
 applied for this support and about 8000 applications have passed. [11] 

 C. Special Energy-support for Energy-renovation for private persons, housing companies 
 or ARA-communities. 

 Authority: ARA  [  https://www.ara.fi/fi-FI/Lainat_ja_avustukset/Energiaavustus  ] 

 Temporary support for 2020-2022. Requires technical calculations by a certified consultant 
 that the renovation will improve the factor E of the building to required level (energy 
 certificate) . 

 Only for renovation, not applicable for new constructions. E.g. for converting a home to 
 near-zero-level energy house. 

 E.g. ventilation systems, increase of insulation level of walls or floor, advanced heating control 
 systems, automation, planning costs, windows, heat pump systems and installation. 

 10 – 100 % of the part of the cost which belongs to the acceptable cost categories. Max 4000 
 EUR/apartment. 

 As a  conclusion  it can be seen that the above subsidies  are with limitations applicable  only to 
 modifications/improvements of existing buildings and not applicable to a new 
 construction  . Concerning our pilot case at Husulanmäki,  which consists of entirely new 
 constructions, the present subsidies in Finland do not influence the results of our feasibility 
 study. 
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 Community perspective  - group construction vs. housing 
 cooperatives 

 Group  construction and (housing) cooperative are new intermediate forms of traditional 
 models handling residential construction and properties’ management. 

 Group construction (  ryhmärakentaminen  )  - refinement  / construction company and 
 self-employed construction 

 Housing cooperative (  asunto-osuuskunta  )  - owner-occupied  and rental housing. 

 What is it about in each? Difference? Benefits and risks? 

 The central theme in both is  affordability  . A reduction  in the cost of housing is sought by 
 removing additional intermediaries from the earnings logic. For example, the removal of the 
 developer's margin. In addition to reducing costs, the aim is to have more freedom to decide 
 our own affairs. 

 However, group construction and housing cooperatives differ in many respects, such as 
 waiting times, ownership law, and construction financing. 

 At different stages of a group construction project, different agreements and commitments 
 are needed to organize the responsibilities, obligations, rights and decision-making ways of 
 the participants in the project. 

 Typical types of mutual agreements in group construction are: 

 1. Design / start-up contract 

 2. Group construction agreement (a shareholder agreement of a housing company in nature, 
 in which arrangements during construction are agreed). 

 3. Residents' agreement (on the principles and practices of co-operation and community in 
 the period of residence) 

 In addition to the agreements between the members of the group, there are also 
 agreements with other parties, such as: 

 1. Team builder consultant / project manager agreement 

 2. Design contracts (architectural and main design, structural, electrical and HVAC design 
 contracts) 

 3. Contract (s) 
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 The community perspective can be involved in different ways 

 Group construction and  communal living are different things. 

 The group  can build homes for its members without  community goals during their stay. In 
 addition to the shared house (s) project, some groups aim to live in one way or another as a 
 community. A group that seeks only the common interest / benefit as the implementer of a 
 construction project operates from its practical objectives: project organization, division of 
 labor and design work, joint procurement, tendering, project management, etc. Consultative 
 groups usually operate from this point of view. Trust capital is needed for collaboration, 
 shared responsibility and decision making. Personal interaction is not sought. 

 The community  is a group that,  in addition to the  construction project, aims to share 
 everyday life in the housing phase  . Communal living  can mean, for example, shared sauna 
 facilities, a do-it-yourself workshop, a dining area and tasty co-working spaces. Creating a 
 community means, in addition to the actual building, the creation of a social structure, 
 relationships, and rules of the game (e.g., a residents ’agreement). A group as an implementer 
 of an idea or outlook on life, the aim of which is not only a joint construction project and 
 community life, but also to serve ideological or outlook on life. These include f.e. various 
 ecovillages. [9] 

 Financing of construction costs 

 Group construction can be considered more difficult / risky than a housing cooperative. There 
 are (at least not yet) not any loan arrangements for financing. Group members must have 
 either enough capital or personal guarantees. 

 In the housing cooperative model (eg so called Fira concept), the total membership fee for the 
 cooperative is 16% of the construction costs. Can pay the joining fee in three installments as 
 the project progresses (see Figure below). The housing cooperative borrows 84%   of the total 
 construction costs. The high level of lending is made possible by the state guarantee (applied 
 for from the Housing Finance and Development Center / ARA). Tradeka will act as the bridge 
 financier for the project during the construction and occupation phase. Members are not 
 personally liable for the cooperative's debts or other obligations. 

 Monthly rent in  Fira Osku  consists of: loan repayment  50% + interest 30% + property 
 maintenance costs 20% (incl. Property management, repairs, taxes, rents, insurance, waste 
 management, HVAC use and maintenance) 

 Members of a housing cooperative can be natural persons who, upon joining, take a share 
 and enter into an agreement with the cooperative for the rental of the residential apartment 
 indicated by the share. A member of a housing cooperative, i.e. a member, must live with 
 himself or herself or his or her family in an apartment rented from the housing cooperative. A 
 member may not transfer the right to use or manage the apartment to another. 
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 Administrative differences 

 The formation of a cooperative must be approved separately by everyone involved in the 
 cooperative. Once at least half of the members of the future cooperative have approved the 
 treaty, a housing cooperative can be formed. The booking fees paid at this point will be 
 transferred to the cooperative and will be credited to the members for a 16% self-financing 
 contribution. Once established, the reservation can no longer be canceled. If members do not 
 get enough of your construction initial booking fee in full. Construction can begin once a 
 member has been found for each dwelling. After this, 50% of the cooperative's membership 
 fee will be paid. Once the joining fees have been paid, construction can begin. 

 In  group construction: 

 a housing company can be established even before the construction phase of 
 the properties  . 

 Or not to set up, which means that  group-built properties  will remain separate 
 properties  . 

 [9] 

 Despite the risks of group construction presented before, this  model has a several 
 advantages  , such as: 

 It is possible to save € because there is no need to cover the construction company's 
 margin ’ 
 Group bidding for the whole team for a specific project saves €, because the bidder 
 can lower the unit price for a larger order lot 
 Influencing construction solutions 
 Taking into account the common areas better 
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 Conclusions 

 The results of the expert assessment showed that the most economical of the studied cases 
 was the individual geothermal heat pumps for each house. It also had the greatest reducing 
 effect on CO2 emissions. Based on the results of the pilot, this is the obvious renewable 
 heating energy choice for Husulanmäki. The block-based geothermal heat pump solution was 
 also clearly profitable on the 77 kWh/m2 estimated energy consumption scenario. 

 The Husulanmäki pilot is particularly interesting and valuable because it focuses on piloting 
 real Community Energy systems and the calculations and assessment is made not only based 
 on general level but to match an individual housing area of 12 houses in rural South Finland. 
 Professional experts make detailed planning and calculations based on the present day 
 market prices in Finland, actual climate conditions and pilot-specific details such as the heated 
 areas and volumes of each house. To our knowledge there has not been such a rather 
 comprehensive expert assessment published in Finland before. 

 Our understanding is that the future house-owners at Husulanmäki - as well as at any other 
 comparable housing area in Finland - will make the investment decisions on the heating 
 system / RCE system independently based on their own economic interests, ethical, 
 environmental and esthetic values, risks and expectations. They must of course at the end be 
 free to decide themselves. 

 Regarding the environmental and aesthetical aspects, the three most efficient energy systems 
 were:  Centralized ground-source heat pump system for all twelve houses, Block of four 
 houses level ground-source heat pump systems and Individual house level ground-source 
 heat pump systems. Advantages of the centralized and block based system is that the wells 
 need to be drilled at fewer sites than in the case of individual systems, meaning limited 
 construction time and less disturbance to residents and environment. It may be possible to 
 partly utilize the existing old buildings for technical facilities, but as a disadvantage they 
 occupy space and land area. 

 In the permit application process we applied for a test permission for the system for 
 Husulanmäki in order to study the actual application process. We have summed up our 
 findings of the process in this report. 

 Our target group saw a potential risk in how to administer the community energy installation. 
 It is understandable that often the actual owners/inhabitants lack the technical understanding 
 and skills for monitoring and to keep the system running on the long term. This risk should be 
 considered at future RCE installations. A potential way to solve it is to outsource the service 
 and maintenance - however - it is a cost issue as well. 

 We trust that the Husulanmäki pilot results, which give objective and professional detailed 
 information of the different alternatives, are important for future decision making and they 
 reduce the risks and the “unknown” regarding renewable community energy investments. 
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