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ABSTRACT 

 

The possibility to use wind power directly in a house to replace part of the used 

electricity is examined here theoretically. Measured climate data from Finland, Vanda 

airport at 10 meters height, are used for outdoor temperature and wind data. This data is 

simulated for 8 different wind turbine power output and a case study residence building 

is used for the energy demand. The energy demand consists of heating, hot water and 

electrical equipment. If wind production is higher than energy demand then the 

remaining energy is stored in one electrical battery or the buildings hot water boiler. 

Additional excess energy is delivered free to the network and does not taken into 

account into the energy balance of the building. The 8 different small scale wind turbine 

options and the energy demand of the house are compared and the profitability of each 

system is assessed. Based on the available data, excel is used to calculate the energy 

production and demand over a year based on hourly temperature and wind speed 

measurements. Some suggestions for further research are given at the end. 

 

Keywords: Distributed wind power, small scale wind turbines, energy certificate, wind 

energy calculation, energy in buildings 
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NOMENCLATURE 

 

ARA The Housing Finance and Development Centre of Finland  

CO2 Carbon dioxide 

h hour 

k kilo, 1 000 

M Mega, 1 000 000 

m/s meter per second 

VA Volt Ampere 

V Volt 

W Watt 
ºC degree Celsius 
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CHAPTER 1. INTRODUCTION 

 

1.1 INTRODUCTION 

 

In this thesis the possibility to use wind power directly in a house grid to replace part of 

the used electricity is investigated. One case study building has been chosen, with a high 

electricity demand situated in Finland, 10 km from Vanda airport. The wind power 

production is calculated for 8 different wind turbines with the use of measured wind 

speed data from Vanda airport at 10 meters height. The wind energy productions from 

the different turbines are used for the case study building’s energy demand. If the wind 

production is bigger than energy demand then the remaining energy is stored in one 

electrical battery or the buildings hot water boiler. The different wind turbine options 

and the electrical battery are compared with each other in order to find the most 

appropriate wind energy system for the house. The calculations for energy production 

and demand are done on an hourly basis with Excel for a year using the temperature and 

wind speed measurements from Vanda. 

 

In Chapter 1 the subject of the thesis is introduced, the thesis questions given and 

boundaries specified. In Chapter 2 the literature related to this thesis is presented, 

summarized and concluded. This includes Finland’s wind power policy, the building 

permit procedure for small wind turbines, the benefit with small scale distributed energy 

systems, the economic climate and feed-in premium in Finland for wind turbines, energy 

performance certificate for buildings and the weather data sources used.  From this the 

focus of the thesis is specified. 

 

Chapter 3 shows how the wind energy is harvested with a wind turbine and then used in 

the reference building. The energy calculation is done with temperature and wind data 

from every hour over a year in Vanda. The calculation method using excel is explained 

in detail starting with the measured data and then how it proceeds to get the results. The 
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results are presented in Chapter 4 and in more detail in Appendix A. Results show which 

particular option includes the most economic wind turbine system setup. This also takes 

into account the hot water boiler, electrical batteries storage cost and capacity. The 

possibility to render the case study building from energy class G to class A by using a 

bigger wind turbine system is also investigated. The results of Chapter 4 are discussed 

and analyzed in Chapter 5. An explanation is given to why wind power should 

practically only replace part of the energy needed in the building. In Chapter 6 

conclusions are given based on the discussion and analysis.  

 

Suggestions for further research are given in Chapter 7. 

 

 

1.2 BACKGROUND 

 

According to measurements, the earth's average temperature has increased by 0.76 ⁰ C 

the past 100 years. In Finland, this means that the average yearly temperature has 

increased by 0.9 ⁰ C of 1909 values until 2008 (Jylhä et al., 2011: 10). The effect of 

increased average temperature varies between different regions in the globe. It can cause 

more frequent extreme weather events like droughts or heavy rainfall that can have a 

negative impact on the people affected. Drought makes it harder to produce food and 

heavy rainfall can cause floods and loss of property. The temperature rise also causes the 

sea levels to increase which is a big problem for coastal cities that could be eventually 

found under the sea level. The temperature increase is attributed mainly to the burning of 

fossil fuels which releases carbon dioxide and other greenhouse gases to the atmosphere 

that causes a greenhouse effect by reflecting back heat to the surface. To reduce the use 

of fossil fuel and the emissions of greenhouse gasses requires that the energy usage is 

reduced or replaced with other options that do not cause greenhouse emissions. Wind 

power is one form of renewable energy that is practically emission free after installation 

and during its energy production time. The use of wind power has increased in recent 
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years. In Finland this increase has been modest partly due to cheaper electricity prices 

and expensive wind turbines. To increase the use of wind power in Finland, one way 

might be to increase the amount of small wind turbines by connecting them directly to 

the buildings.  

  

 

1.3 QUESTIONS 

 

1) How to make small scale wind turbines in buildings profitable with low average wind 

speeds?  

2) How does costs wary between different turbines for a given building in Finland? 

3) What does it take and how much it costs to render a building with energy class G to a 

building with class A, with the inclusion of wind power?  

 

 

1.4 BOUNDARIES 

 

Weather data (temperature and wind measurements) are only used from Vanda and the 

average wind speed is 4.15 m/s at 10 meters height. Only wind turbines where price 

information and the power curve were available have been used in this thesis. The hourly 

energy demand for hot water and other electrical equipment is simplified to be the same 

during all hours in the year. The wind turbines used can be found in Appendix A. 
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CHAPTER 2. LITERATURE REVIEW 

 

2.1 INTRODUCTION TO LITERATURE REVIEW 

 

In Chapter 2 literature related to this thesis are presented in sections 2.2-9.  

 

Finland’s wind power policy is investigated here since this steers all the other aspects of 

wind power affecting decisions and gives a hint of changes that might be expected in the 

future (2.2). The building permit requirement and procedure for small scale wind 

turbines is explained to give the situation in Finland (2.3). Previous reports about small 

scale distributed energy systems, the definition, grid connection, storage options and 

other aspects are reviewed (2.4). Economics situation for other projects and the bank 

loan possibility are investigated here to give a picture of the situation and financial 

possibilities for wind turbines in Finland (2.5). Feed-in premium rules are reviewed to 

make the requirements clear for using it as part of the financing option (2.6). Energy 

certificate rules are explained so that the buildings calculated energy demand and energy 

class can be easier understood (2.7).  The weather data sources used for the calculations 

are also presented (2.8). Wind turbine systems and their cost are investigated for the use 

in the payback calculations (2.9). 

 

At section 2.10 the literature is summarized and conclusions given. From this the focus 

of this thesis is drawn.    

 

 

2.2 FINLAND’S WIND POWER POLICY 

 

The use of renewable energy sources has been promoted by the European Union in 

several Directives establishing a common framework for the production and promotion 

(Kosenius and Ollikainen, 2011:1148). For Finland the main obstacles against wind 
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power has been the harsh cold winter climate, unclear legal requirement, the land-use 

planning practices that do not take the needs of wind power into account and the low 

prices of electricity (Varho and Tapio, 2004: 1931-1932). 

 

Earlier policy plan to promote wind power is the Action Plan for Renewable Energy 

Sources by Ministry for Trade and Industry (Action Plan 1999a). In this Plan the official 

target for wind power development was 500 MW of installed capacity by 2010. This was 

later updated and the target for year 2025 was set to 2000 MW (Varho and Tapio, 2004: 

1931). 

 

The main policy in Finland is to increase energy security by exploitation of renewable 

energy while reducing CO2 emissions (Aslani et al, 2013:406). 

Finland’s aim is to increase the use of renewable energy from the current share of 25 % 

to 38 % by 2020. Reaching this goal would need increase in bio energy, hydropower, 

wind and geothermal as well as reduction in total energy consumption (Kosenius and 

Ollikainen, 2012:1149). 

 

 

2.3 BUILDING PERMIT 

To get a permit for small wind turbines is not the same everywhere in Finland. In most 

part of Finland an operation permit is enough and in general it’s easier to get it for 

smaller wind turbines (Finnilä, 2013:17-18). The permit for small wind turbines are 

given from the municipality. The permit is either for building or operation depending on 

the height of the mast and municipality. For the permit application the wind turbine must 

be pointed in a map and a facade picture is required of the turbine (Kerminen, 2012:26).  
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2.4 DISTRIBUTED SYSTEMS 

Hoff et al (1996) investigate the possibility of satisfying demand locally and 

incrementally by investing in distributed generation. Ackermann et al (2001) discuss the 

definition of distributed generation, how it varies between countries and aim to provide a 

general definition for distributed power generation in competitive electricity markets.  

 

Strachan and Dowlatabadi (2002) point out that distributed generation can give 

economic savings in relation to the purchase of the energy from the grid. Santala (2011) 

investigates different distribution definitions and how to produce electricity in small 

scale. A report published in the Finnish Wind Power Association website by Parkkari 

and Perkkiö says that a small scale wind turbine have a swept area below 250 m2, rotor 

diameter below 18 meters and height below 50 meters. A micro wind turbine produces 

below 10 kW and is built as a one household’s generator  (Parkkari and Perkkiö, 2011:4-

5). This definition differs from the IEC 61400-2 standard as it states that the swept area 

for small scale wind turbines is below 200 m2. 

 

Santala (2011) did research in how to connect to the grid with small scale energy. 

Hippula (2009) shows in his work how to construct a small wind turbine, what material 

it needs and the costs. Hinderman (2011) examines the situation in Finland for small-

sized 1-10 kW wind turbines for economic and technical perspective in households. 

Veijanen (2008) explains the use of small wind turbines in Finland, applications for 

them and compares different turbines with each other. Parkkari and Perkkiö (2011) made 

a guide for installation of small wind turbines. Pitkänen (2012) studies the factors that 

affect the operation of small wind turbines and how they can be sized up and calculated 

to the needs of the desired user. Porthén (2012) looks into different ways how common 

households can reduce their electricity bill by producing own electrical energy, 

especially direct electricity heated houses. 
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Rekorius (2013) specifies how to maximize the energy of wind from the specific 

locations (when installing), determine if there is appropriate wind turbines available and 

clarify the rules when installing wind turbines. Partanen and Taskinen (2013) investigate 

how solar energy and wind power can be used in a horse stable environment. 

 

Jykelä (2013) investigates different energy storages for one family houses. Kerminen 

(2012) investigates the options to renewal the heating system of an old detached house 

and whether a wind or photovoltaic system can be used.  

 

Häyhä et al (2011) suggests that in terms of energy security in Finland, it would be 

important to decentralize energy production and improve energy policies oriented to 

increase energy efficiency and sustainable energy consumption. Also they suggest that 

further investigations should be made to assess the most appropriate energy mix to 

minimize both environmental load and economic costs of electricity production. 

 

Smeds (2012) collects information and knowledge on pilot projects related to energy 

technology in buildings. Koistinen and Väyrynen (2012) studied energy efficiency and 

standards for new buildings and repairing of old ones. 

 

Aslani et al (2013:407, 410) discuss the renewable energy utilization from supply chain 

viewpoint in Ostrobothnia and Vaasa region. Al-Zidi (2011) investigates how wind 

energy cooperative works and what the subsidies are. 

 

Kaltschmitt et al (1996) show that the emissions from a wind turbine, even at low yearly 

average wind speeds of 4.5 m/s are less than for example coal and gas fired power 

plants. The energy used for the construction of the wind turbine is paid back in 2-20 

months depending on wind turbine and wind speeds (Kaltschmitt, 1996, cited at 

Ackermann et al, 2001:199, table 2). In Finland the average carbon dioxide emission per 

kWh electricity is 200 g (Motiva, 2013).   



 
 

8

2.5 ECONOMICS 

 

Monjas-Barroso and Balibrea-Iniesta (2012) evaluate investment projects on large scale 

wind power in Denmark, Finland and Portugal. They estimate that the time to conduct 

wind tests, complete the administrative paperwork and obtain the appropriate permits 

and licenses is 4 years and after that 1 year for building completion (Monjas-Barroso and 

Balibrea-Iniesta, 2012: 336).  

 

Rönnlund (2013) identifies and clarifies the needs and requirements of the land owners´ 

interest in wind power projects and also provides suggestions for solutions to answer the 

land owner needs. Sampela (2012) investigates the profitability of wind plants in the 

mainland of Finland.  

 
During the wind turbines operation, service is required for the change of bearing and 

other moving parts. Also it might be required to clean the rotor and machine room from 

dirt and during winter snow removal might be needed. The reported lifetime from 

producers is 20-30 years. The cable might cost a lot and there is huge difference in 

resistance losses for a 12 V and 240 V systems (Hinderman, 2011:20, 23). A thoroughly 

service inspection is required to be done every 5 year. This takes about 4-5 hours 

(Parkkari and Perkkiö, 2011:13-14). 

 

The extra energy that cannot be used in the building and that goes to the national grid is 

usually better to give to the grid company for free, as the selling costs can be higher than 

possible gain.  

 

The interest rate for a house loan during 2013 is around 2 % in Finland. (Alppi, 2013: 

41). It is also possible to get a fixed interest rate over a period of time. Nordea did give a 

fixed interest rate of 3.75 % for 15 years at the date 2.5.2013 for a house loans (Alppi, 

2013:55). 
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2.6 FEED-IN PREMIUM 

 

A market-based feed-in premium scheme for Finland was introduced in 2011 (Law on 

support of renewable energy production no. 30.12.2010/1396 and law no. 

30.12.2010/1397). This feed in-premium fixes the target price for producer to 83.5 €/ 

MWh. For wind power there is also a transition period until 31.12.2015 when the target 

price is 105.3 € /MWh. After this transition period the target price is 83.5 €/ MWh. The 

target price consists of a feed-in premium and a market price. The market price is what 

the producer gets when the produced electricity is sold. The feed-in premium is added to 

the market price so that the target price is reached. 

   

The feed-in premium for wind power (after the transition period) is at most 53.5 €/ 

MWh. This means that because the target price is set to 83.5 €/ MWh, the producer will 

not receive any premium if the market price is 83.5 €/ MWh or above. The producer will 

get the premium when the market price is below 83.5 €/ MWh, but the premium will 

never be more than 53.5 €/ MWh. 

The result of the feed-in premium is that as long the market price is 30 €/ MWh or more, 

the producer gets totally 83.5 €/ MWh when the market price and feed-in premium is 

added. If the market price is 83.5 €/ MWh or more, there is no feed-in premium. 

 

Wind energy producers entitled to this tariff requires that the sum of all generators rated 

power is at least 500 kVA and at most 2500 MVA.  

 

 

2.7 ENERGY PERFORMANCE CERTIFICATE FOR BUILDINGS 

 

Laine and Kemppainen (2013) explain the new regulations 1.6.2013 for the energy 

performance certificate for buildings based on the regulation 176/2013. More of the 
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energy certificate law, ordinance, recommendation and examples can be found at the 

website of Finnish Ministry of the Environment at: http://www.ym.fi/en-US 

The official energy certificate material is in Finnish and some is also in Swedish. The 

most important rule is that the author of the energy certificate must be qualified and the 

name must be found at the list over qualified energy certificate authors provided by 

ARA, The Housing Finance and Development Centre of Finland. A qualified author has 

been examined and the knowledge about the laws and ordinances about energy 

certificates and ability to use it accepted. The qualified author’s signature makes the 

energy certificate valid for 10 years or until a new is made for the building (Law 

50/2013: 8, 12 §). 

 

In the energy certificate the energy class is found by first calculating the required 

purchased energy form from each energy type. Each energy form is multiplied with its 

energy factor and summed. Then the sum is divided with the heated net area (floor area 

inside the heated part of the building), which gives an energy number (YM, 2013: 

Appendix 1). Based on the energy number an energy class from A to G is given, where 

A is most energy effective (YM, 2013: Appendix 2). 

 

The produced wind power reduces the purchased electricity from the energy certificate 

which then gives a better energy number that can lead to a better energy class. The 

calculated purchased energy is given separately for heating, hot water, ventilation, 

lightning and other equipment. These values from the energy certificate can be used to 

make more reliable building specific energy efficient suggestions.  

 

When calculating the purchased energy for the building the renewable energy from wind 

turbines that is used in the actual building is defined as free energy and removed from 

the purchased energy. But the energy that is delivered elsewhere cannot be taken into 

account (D5, 2012:13). 
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2.8 WEATHER DATA 

 

Finland has been divided into four climatic zones. Climate zone 1 and 2 are represented 

by climate data from Vanda Airport. Climate zone 3 is represented by climate data from 

Jyväskylä and climate zone 4 is represented by climate data from Sodankylä (Jylhä et al. 

2011:14). 

 

The buildings energy regulations and computational models have been renewed in 2012. 

In conjunction with this, the climate’s base year from 1979 for Vanda, Jyväskylä and 

Sodankylä have also been modified to include the years 1980 to 2009. From these years, 

months, which represent the average for each month, have been used to form a year 

which is equivalent to an average year.   

 

 

2.9 WIND TURBINE SYSTEMS 

 

The price of electric water heater tanks varies. An estimation of different sellers gives a 

price of 2 € / liter. This price is based on a research from different web shops (Profil E-

shop, MR. Lvi and Hintaseuranta). The usable energy storage for hot water depends on 

the temperature range that can be used. From the Finnish ministry of environment, D1 

(2.3.8, 2007:8), the temperature of hot utility water should be at least 55 ºC to avoid 

bacterial growth. If the temperature is raised to 95 ºC from this then the energy storage 

capacity is 40 ºC per liter. The specific heat capacity for water is 4.19 kJ/kg*K and the 

density of water is 0,998 kg/liter. This gives us that each liter water can store 46.4 Wh 

and for 1 € we get 23.2 Wh storage capacity.  

 

Energy storage in electrical batteries works better as the energy losses during storage is 

much smaller and can be used directly for house electricity. An estimation of battery 
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prices from different sellers (Battery webbshop) gives that the approximately storage 

capacity per euro is 5 Wh/€.   

 

 

2. 10 SUMMARY AND CONCLUSIONS 

 

Finland’s policy is to increase the use of wind power together with other renewable 

energy sources (2.1). Getting a building permit for small wind turbines is easier than for 

large wind turbines and parks. In places where commercially large turbines would not 

get building permit, a smaller wind turbine for single house or just a few houses might 

still be possible. This is one justification to further investigate the use of smaller wind 

turbines even if they are not as cost effective as larger ones (2.2). 

 

Research for small scale distributed systems and wind energy productions have been 

done before by several authors and the importance and impact on power distribution, 

energy mix and environment have been investigated before. It has been pointed out that 

distributed generation can give economic savings and lots of research has been also done 

before on small scale wind turbines (2.3). 

 

Feed-in premiums is available for wind power, but not for the small scale wind power 

that is investigated in this thesis (2.5). The energy demand for the reference building 

used in this report is calculated with the energy certificate law for Finland. The energy 

certificate gives an energy class depending on the calculated yearly energy demand that 

needs to be purchased to the building (2.6). 

The climate measurement file from Vanda that the energy production and demand 

calculations are based on is from the Finnish meteorological institute. The one year 

climate file is pieced together with different months from 1980 to 2009 and the best 

fitting average month for each month are used over that period. The purpose of the 

climate file is to provide reliable average weather data over a year that can be used in 
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energy calculations and that has a significant official acceptance. The measurements 

have been taken each hour and the data consists of 8760 measurement points over wind, 

temperature, solar and humidity (2.7). 

 

The main sources used in this thesis for wind turbine service cost and installation prices 

are taken from reports made by Hinderman  (2011:20),  Parkkari and Perkkiö (2011:13-

14) and interview with wind turbine sellers.  The current economic climate for year 2013 

makes it possible to get a low fixed interest rate of around 4 % if the loan is bound to a 

building (2.4). 

 

The energy storage price for hot water and batteries are calculated based on current 

market price and the price dependent available energy for boiler and battery (2.8). 

Selling the overproduction to the grid will not be considered here as 2.4 shows that the 

selling costs might be higher than the income. Also the energy certificate law (2.6) 

stipulates that electricity sold to the grid may not be used as free energy for the building.  

 

In this thesis the main focus will be to find out the profitability when a small wind 

turbine is linked directly to the building. This is done by calculating the change in 

monthly costs for the building owner. The effect on the energy class and carbon dioxide 

emissions are also investigated here.  This kind of study has not been done before as 

both the energy certificate and economic situation are new. From the literature review I 

haven’t either found any cases where the wind turbine systems have been paid with a 

house loan.  
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CHAPTER 3. METHODOLOGY AND DATA 

 
3.1 INTRODUCTION 

 

In this Chapter 3 the case study building (section 3.2), the energy performance certificate 

calculations (section 3.3), the wind energy system (section 3.4), the bank loan (section 

3.5) and calculation method with excel (section 3.6) are described in detail. The flow 

chart (Figure 1) illustrates how the calculations are done, where the different steps of the 

process are presented in red numbers and stages in black. In Figure 1 and in the several 

parentheses, the reciprocal sections where the relevant information, calculations, 

assessment and explanations can be found.   

1. The measured wind speed for each hour and wind turbine power curve are 

computed to give the produced wind energy 

2. The measured temperature for each hour is used to calculate the hourly thermal 

energy demand for the reference building 

3. Step 1 gives the produced energy from the wind turbine(s) on a hourly basis 

4. Step 2 gives the hourly energy demand for entire building, divided to hot water, 

heating and other electrical equipment (see section 3.4) 

5. The produced hourly energy in Step 3, is subtracted from the hourly energy 

demand at Step 4 (see section 3.4) 

6. The leftover produced energy, Step 3, is stored if the produced energy is larger 

than the energy demand, 4 (see section 3.6 and also Figure 4) 

7. Unfulfilled energy demand if the energy demand at 4 is greater than production 

at Step 3 

8. Stored energy is used (6) to cover for a possible leftover energy demand (7), 

when energy demand at 7 is greater than the stored energy then rest of the energy 

is taken from the national grid 

9. Energy price for electricity from the national grid, 0.15 €/kWh 
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10. The monthly average energy cost are calculated with energy price (9) and energy 

demand from national grid (8) 

11. Initial energy cost without the use of any renewable is calculated from energy 

demand, 4, and Energy price, 9 

12. The difference in energy costs (10 and 11) gives the money that is saved 

13. Wind systems total cost 

14. Bank loan, 4 % interest rate and 25 years payback time 

15. The bank loan costs are given by 13 and 14 

16. Estimated average monthly service cost for the wind turbine 

17. Bank loan cost, 15, and service cost, 16, gives the monthly costs (see section 3.5) 

18. The difference between monthly costs, 17, and energy savings, 12, gives the 

amount of profit or loss that the investment makes each month. 

 
Figure 1. Methodological flow chart over the energy systems and cost  
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3.2 CASE STUDY BUILDING 

  

The building used for the wind power calculations is situated in Helsinki, pointed out in 

the map at Figure 2. 

 

Figure 2. Location of the case study building 
 

The energy demands for the building are given in Table 1. This building was chosen for 

its calculated high electricity demand in the energy performance certificate. The energy 

certificate that was made for it did give the building energy class G (see Appendix C). 

The building is heated with direct electricity by radiators and floor heaters. The air 

changes with mechanical outgoing air and is replaced mainly by air coming from trickle 

vents. The yearly heating and ventilation requirements are recalculated to account for 

hourly needs based on the outside temperature from the weather data explained at 

section 2.8. The measurement point of the weather data lies 20 km from the reference 
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building. Hot water, lightning and other equipment’s energy needs are simplified to be 

evenly distributed for each hour during the year.  

The energy performance certificate values in Table 1 are legalized with the signature of 

the author (see Appendix C) and the given values are valid according to the Finnish 

energy performance certificate law (50/2013).  

 

Table 1. Calculated yearly energy certificate values 

Calculated required yearly purchase energy demand 

for the reference building, values taken from the 

building’s energy certificate 

Heating: 34808.96 kWh 

Hot water 5796.2 kWh 

Ventilation 794 kWh 

Lightning and other 

equipment 
3620.64 kWh 

Total: 45019.8 kWh 

Heated net area 158.8 m
2
 

Energy class G kWh E /m²year 

 
 
 

3.3 ENERGY PERFORTMANCE CERTIFICATE CALCULATION 

 

The heating, hot water, ventilation and other electrical equipment for the energy 

performance certificate is calculated by using the Finnish building regulation collection 

D3 (2012), D5 (2012) and the energy performance certificate law YM 176/2013 (2013). 

The energy demand that is given in the energy performance certificate is the calculated 

energy that is required to be bought to the building during an average year. With average 

users and during an average year, the calculated energy demand should be similar as the 

actual energy that has been purchased to the building during the year. 

 

The case study buildings heating demand is calculated from the heat losses from the 

buildings outer wall, roof, floor and windows. The heat losses are based on the total 
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thermal transmittance, natural ventilation and air leakage from the outer mantle. This 

gives a heat losses value per temperature difference that is then multiplied with the 

average years summed temperature difference for Vanda that is given in the Finnish 

building regulation D3 (D3, 2013:30).  The heating systems loss value from distribution 

and production for the case study building is 7 %. In the final heating demand the losses 

are included. 

 

The energy demand for hot water, lightning and other equipment are based on the heated 

net area. The heated net area is the area that is inside the buildings outer walls. The 

heated net area is multiplied with a table value from D3, the building regulations for 

Finland (D3, 2012:19, 21). In this case study building the hot water, lightning and other 

equipment’s energy demand is 59.3 kWh/m2 year. To this the hot water production, 

delivery and storage systems losses of 15 % are also included (section 2.7). 

 
 
3.4 WIND ENERGY SYSTEM 
 
 

 

Figure 3. Wind energy for buildings 
 

In Figure 3: When the wind (1) blows at the turbine rotor (2), then it starts to rotate and 

electricity is generated in the generator. The electricity is transported from the wind 

turbine through a cable (3) and directly to the buildings energy need (4). The remaining 
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energy charges the battery (5). When the battery is fully charged then the remaining 

energy goes to the hot water boiler (6). When there is not enough wind energy available, 

then the household electricity is taken from the battery. When there is not enough wind 

energy available from the turbine or the battery, the electricity is taken from the 

electrical grid. If there is overproduction of wind energy the excess electricity is given 

freely to the grid and is not considered in the buildings energy class calculation. This is 

explained in part 2.4 and 2.6; the energy certificate rules do not allow taking the excess 

energy delivered to the grid into account and it’s not economical to sell it. 

 

The building’s heating system that is under investigation is direct electrical heated where 

changing the heating delivery system would be expensive, see 3.2. The price of electrical 

water heater tanks and batteries varies. For this thesis I will use the fixed energy price of 

23.2 Wh/ € for storing heat in boiler and 5 Wh/€ for energy storage in electrical batteries 

(see 2.9). This means that with a price of 0.15 €/kWh the electrical batteries would 

require to be fully charged and then fully emptied 1333 times and boiler 287 before they 

given as much energy value as their cost.  

 

The climate data, temperatures and wind data, used in this report have been taken from 

the webpage of Finnish meteorological institute (Ilmatieteen laitos: 2012) from Vanda’s 

representative climate year. The method for choosing these months as representative for 

Finland is described by Jylhä et al. (2011). 

 

 

3.5 BANK LOAN 

 

The wind turbine and all systems used are paid with a bank loan that is taken on the 

house that it’s built for. This gives a low interest rate. To ensure that the interest rate 

does not rise too much during the loan period a fixed interest rate is used. The bank loan 

is taken for 25 years and the fixed interest rate is assumed to be 4 %. The bank loan is 
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paid back monthly, with the same amount of money for the entire period (see section 2.5 

and Figure 1). 

3.6 EXCEL CALCULATIONS  

 

All wind turbines used in this thesis are in Table 2. The calculated result for all wind 

turbines are in Appendix A. 

 

Table 2. List of the used wind turbines 

Wind turbine kW € 

WindSpot 3.5 11950 

Skystream 3.7 8750 

Finn Wind Tule E200 -18m 4 17500 

Finn Wind Tule E 200 -27m 4 21600 

Hummer, H4.6 3 20000 

Hummer, H8.0 10 47500 

Hummer, H9.0 20 80750 

Hummer, H12.0 50 161500 

Hummer, H19.2 100 250000 

 

For the calculations, Microsoft Excel will be used. How the results are calculated is 

described here briefly. For a more detailed explanation and description see Appendix B. 

The calculations are based on a report by Pekkala (2013). The representative average 

climate year used is from Vanda airport and the measurements used have been taken 

from a height of 10 meters for each hour giving 8760 hours for a year (see 2.8). 

 

The heating need for each hour have been calculated using that the heating demand starts 

when outside temperature gets below 15 ºC and the heating demand for each hour is 

proportional to the difference between outside temperature and 15 ºC. When the 

temperature outside is 15 ºC or above there is no heating demand. For each degree 

temperature difference a specific heating demand are calculated from the given yearly 

heating demand in the energy certificate. This is done by dividing the heating demand 

with the sum of the temperature differences for a year.  
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Electricity need for hot water and other electrical equipment are simplified by dividing 

the yearly demand with 8760 giving the average need for each hour. This simplification 

does have its limitations as the energy consumption from users is generally much higher 

during the day than the night, peaking during the morning and evening when people are 

at home.  

 

The produced wind energy for each hour is calculated based on the wind turbines power 

output for the actual wind speed for that hour. From the produced wind energy the losses 

are deducted and after that the buildings electricity demand is deducted with the 

produced wind energy. 

 

In Figure 4: The wind energy production is deducted from the building energy demand. 

If the wind energy production is higher than the building demand, then this excess 

energy is stored first in the battery. If the battery is fully charged, then the hot water 

boiler is heated until the temperature reached 95 ºC. After this the wind energy is given 

freely to the grid company and considered lost (see section 2.5). When the calculated 

boiler temperature are higher than 55 ºC and there is not enough wind energy, the hot 

water energy demand are taken from the boiler and is not included in the total energy 

demand of the building. Similar, as long there is calculated energy in the battery the 

building energy demand is first satisfied with the stored electrical energy. 
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Figure 4. Methodological flow chart over the energy production and storage 

 

 
 
 
 
 
 
 
 
 
 
 



 
 

23

CHAPTER 4. APPLICATION OF THE METHODOLOGY AND RESULTS 

 

 4.1 INTRODUCTION 

 

In this chapter the best results of the excel calculation (see section 3.6 and Appendix B) 

are presented together with the requirements to make wind turbine profitable for single 

household and how to make an energy class A house. The power curve, information and 

energy calculations for all wind turbines used here are available at Appendix A.    

 

  

 4.2 YEARLY ENERGY OUTPUT AND DEMAND 

 

In Figure 5 and Figure 6 the wind turbine production and energy demand for the building 

are shown for a year with a 30 kW (Figure 5) and a 3.5 kW (Figure 6) wind turbine. The 

hot water and other electrical equipment energy need are constant, while the heating 

demand changes with the temperature. 

 

Figure 5. Yearly wind energy production and energy demand with 30 kW turbine 
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Figure 6. Yearly wind energy production and energy demand with 3.5 kW turbine 
 

 

4.3 RESULTS 

 

Table 3 and 4 show the best wind turbine options for the reference building described in 

section 3.2. In Table 3 the energy production is calculated with the 3.5 kW FinnWind 

Tuule E 200 wind turbine and in Table 4 with the 10 kW H8.0 wind turbine. 

Table 3. Energy audit, 3.5 kW FinnWind Tuule E 200 -27m 

Energy audit   Price 

Wind turbine: 3.5kW FinnWind Tuule E 200 -27m   21 600 € 

Battery capacity: 0 kWh 

 

0 € 

Hot water boiler: 300 liters   0 € 

  

  

Total price: 21 600 € 

Calculation settings Saved electricity: 5764 kWh/year 

Service cost: 100 €/year CO2 reduction: 1.2 ton/year 

Mast: 27 meters Reduced electricity cost: 72 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -124 € /month 

Interest rate: 4.0%   Difference: -51.50 € /month 

Payback time 25 years    

Energy class after wind turbine installation: F   
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Table 4. Energy audit, 10kW H8.0 

 

 

In Table 5 the requirements for break-even bank loan conditions are investigated with 60 

years payback time and 1.5 % interest rate. The 10 kW wind turbine, H8.0, is used for 

the energy production.  

 

Table 5. Energy audit 60 years payback time, 10kW H8.0 

Energy audit   Price 

Wind turbine: 10kW H8.0   51 600 € 

Battery capacity: 2 kWh 

 

493 € 

Hot water boiler: 1500 liters   2 399 € 

  

  

Total price: 54 492 € 

Calculation settings Saved electricity: 14007 kWh/year 

Service cost: 700 €/year CO2 reduction 2.8 ton/year 

Mast: 27 meters Reduced electricity cost: 175 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -174 € /month 

Interest rate: 1.5% 

 

Difference: 1.44 € /month 

Payback time 60 years    

Energy class after wind turbine installation: E   

 

 

Energy audit   Price 

Wind turbine: 10kW H8.0   51 600 € 

Battery capacity: 1 kWh 

 

247 € 

Hot water boiler: 700 liters   800 € 

  

  

Total price: 52 646 € 

Calculation settings Saved electricity: 13418 kWh/year 

Service cost: 100 €/year CO2 reduction: 2.7 ton/year 

Mast: 27 meters Reduced electricity cost: 168 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -289 € /month 

Interest rate: 4.0%   Difference: -121.44 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   
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In Table 6 are costs for improving the G class house (section 3.2) to and A class house 

by using a 50 kW (H12.0) wind turbine.  

 

Table 6. Energy audit A class, 50kW H12.0 

Energy audit   Price 

Wind turbine: 50kW H12.0   161 500 € 

Battery capacity: 851 kWh 

 

170 212 € 

Hot water boiler: 7000 liters   13 392 € 

  

  

Total price: 345 104 € 

Calculation settings Saved electricity: 38448 kWh/year 

Service cost: 200 €/year CO2 reduction: 7.7 ton/year 

Mast: 27 meters Reduced electricity cost: 481 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -1 858 € /month 

Interest rate: 4.0%   Difference: -1 376.96 € /month 

Payback time 25 years    

Energy class after wind turbine installation: A   

 

 

In Table 7 a 100 kW (H19.2) wind turbine is shared with 10 buildings that has same data 

as the case study building in section 3.2. The wind turbine production and costs are 

shared and the data for one building is presented in Table 7. 

 

Table 7. Energy audit 10 houses, 100kW H19.2 

Energy audit per building, wind turbine for 10 buildings   Price/house 

Wind turbine: 100kW H19.2   25 000 € 

Battery capacity: 2.1 kWh 

 

4 19.4 € 

Hot water boiler: 600 liters   5 99.6 € 

  

  

Total price: 26 019 € 

Calculation settings Saved electricity: 11863.5 kWh/year 

Service cost: 50 €/year CO2 reduction: 2.4 ton/year 

Mast: 27 meters Reduced electricity cost: 1 48.3 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -1 43.0 € /month 

Interest rate: 4.0%   Difference: 5.33 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   
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CHAPTER 5. DISCUSSION AND ANALYSIS 

 

 5.1 INTRODUCTION  

 

In Chapters 5 and 6 the results from Chapter 4 are discussed and analyzed. The focus 

will be mainly on the economic aspects, but also on wind energy used to improve the 

energy class.  

 

 

5.2 DISCUSSION AND ANALYSIS 

 

Figure 5 and 6 (section 4.2) shows the power production and demand with a 30 kW and 

a 3.5 kW wind turbine. Figure 5 shows that with a 30 kW wind turbine the yearly energy 

production can meet the yearly energy demand. But most of the times the energy output 

from the wind turbine is either significantly larger or smaller than the energy demand. 

To use the excess energy produced during windy periods it would need to be stored and 

used later. But the energy storage prices are high and would not be economical unless 

charged frequently (section 3.3). This is why only a part of the energy demand should be 

met with wind energy (see Figure 6).  

 

Table 2 and 3 (section 4.3) shows the best results, when one wind turbine is used for the 

reference building in section 3.2. In both cases the energy class gets better, from G to F 

and E. But the saved electricity will not add up to the costs of the system. Even with 25 

years payback time and a low interest rate of 4 % it is not economical with low average 

wind speed of 4.15 m/s. Table 4 shows the conditions required to make the installation 

of these wind turbines profitable with 60 years payback time and an interest rate of 1.5 

%. 
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Table 5 shows that to make the reference building with energy class G to A class with 

wind power would require that most of the used energy did come from wind power 

which is unreasonable expensive. 

 

Table 6 shows that if the energy production from a 100 kW wind turbine is divided to 10 

buildings then the possibility of a small profit occurs. This, together with figure 5 and 6, 

indicates that the only reasonable way to make wind power profitable in small scale 

distributed systems and low wind speed areas is with a big wind turbine that is shared 

with many buildings close to the turbine.  
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CHAPTER 6. CONCLUSIONS 

 
 
In Chapter 6 the conclusions drawn in this thesis are given and the answers to the 

questions in 1.5 are given. The possibility to use wind power directly for the case study 

building to replace part of the used electricity was investigated. One case study building 

was chosen, with a high electricity demand situated in Finland, 10 km from Vanda 

airport. The wind power production was calculated for 8 different wind turbines with the 

use of measured wind speed data from Vanda airport at 10 meters height. The wind 

energy productions from the different turbines were used for the case study building’s 

energy demand. When the wind production was bigger than the energy demand then the 

remaining energy was stored in one electrical battery or the buildings hot water boiler. 

The different wind turbine options and the electrical battery were compared with each 

other in order to find the most appropriate wind energy system for the house. The 

calculations for energy production and demand were done on an hourly basis with Excel 

for a year using the temperature and wind speed measurements from Vanda. 

 

From Figure 5 (section 4.2) we can see that with a wind turbine that has a yearly energy 

production similar to the case study buildings yearly energy demand the hourly 

production will mostly be significantly higher or smaller than the energy demand. This 

means that to utilize all the energy produced by the wind turbine, energy would require 

being stored for periods with low wind speeds. But the high battery price (section 3.4) 

makes it non profitable. This means that a smaller wind turbine (see Figure 6, section 

4.2) would need to be installed, otherwise produced wind energy would be lost during 

windy periods. Table 3 and 4 (section 4.3) show the best wind turbine options for the 

case study building from the 8 wind turbines that have been tested. Results from all wind 

turbines’ simulations are given in Appendix A. This gives us that small scale wind 

turbines are not profitable for single house buildings with low wind speeds where the 

average wind speed is 4.15 m/s or less at 10 meters heights (section 4.2). A bigger wind 

turbine that comes higher up would produce wind energy at a lower cost. But more 
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energy would be lost (Figure 5, section 4.2). This would be solved if the wind turbine 

would be connected to more buildings. 

 

Larger wind turbines at 100 kW size (see Table 7, section 4.3) might be profitable if the 

produced energy is divided to several buildings so that the produced energy will not 

exceed the energy demand.  

 

It is possible to cover most of the case study building’s energy demand with wind power 

and in that way improve its energy class from G to A. Produced wind energy that is used 

in the building reduces the calculated energy from the energy performance certificate 

that gives the energy class. But the actual cost is very high. In Table 6, section 4.3, this 

system has been calculated for 25 years. 
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CHAPTER 7. SUGGESTIONS FOR FURTHER RESEARCH 

 

7.1 INTRODUCTION  

 
In Chapter 7 suggestions for further work are given about the hot water and other 

applications energy demand (7.2), battery’s life time (7.3), how the wind speed affect the 

heating demand in buildings (7.4) and different average wind speed simulations (7.5). 

 

 

7.2 HOT WATER AND OTHER APPLICATIONS ENERGY DEMAND 

 

In this thesis the user related energy demand for hot water and other applications has 

been simplified to be the same every hour over the year. But the energy consumption 

from users is generally much higher during the day than the night, peaking during the 

morning and evening when most people are at home. For a more realistic hourly basic 

energy calculation then this variation should be taken into account.  

 

 

7.3 BATTERY LIFE TIME 

 

Electrical batteries are still very expensive and the lifetime short. However the given 

lifetime does not necessary mean that the storage capacity is completely gone. A battery 

with half of the storage capacity left is still usable. It might also be possible to extend 

this lifetime and restore some of the battery’s storage capacity. For more accurate 

payback calculations, when electrical batteries are used, this is one important aspect that 

requires more consideration. 
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7.4 WIND SPEED DEPENDENT HEATING DEMAND 

 

The heating need is not only depending on the outside temperature, but also on the wind 

speed. The effect of the wind on the building is depending on the airtightness of the 

building and wind speed. This should mean that when the wind speed increases then also 

the heating requirement should increase during cold periods. To improve the heating 

demand calculation for buildings, this should be investigated more thoroughly. 

 
 

 
7.5 DIFFERENT AVERAGE WIND SPEEDS 

 

The wind turbine productions in this thesis were calculated with an average yearly wind 

speed of 4.15 m/s. However there are places with better wind conditions and it would be 

useful to know at what average yearly wind speed wind power might be an option to 

consider. Also the cost effectiveness of the wind turbine option should also be compared 

with other energy saving options, to determine at what average yearly wind speed wind 

power would be the most cost effective option.  
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APPENDIX A 

In Appendix A the power curve, prices and additional information about each wind 

turbine are given. The price includes all equipment and installation requirements for 

connected to the buildings electrical grid. 

  
 

 
Figure 7. Power output of Windspot 3.5 kW (Windspot, Windspot 3.5 kW) 
 
 
Table 8. Energy audit, 3.5 kW Windspot 

Energy audit   Price 

Wind turbine: 3.5 kW WindSpot   14 150 € 

Battery capacity: 0 kWh 

 

0 € 

Hot water boiler: 300 liters   0 € 

  

  

Total price: 14 150 € 

Calculation settings Saved electricity: 2894 kWh/year 

Service cost: 100 €/year CO2 reduction: 0.6 ton/year 

Mast: n/a meters Reduced electricity cost: 36 € /month 

Average wind speed: 4.15 m/s All wind turbine costs: -84 € /month 

Interest rate: 4.0%   Difference: -48 € /month 

Payback time 25 years    

Energy class after wind turbine installation: G   

 
 
Price 11950 €, with installation +2200 € (Kerminen, 2012:48, table 13). 
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Figure 8. Power output of Skystream 3.7 kW (Xzeres wind, Skystrean 3.7 kW). 
 
 
Table 9. Energy audit, 3.7 kW skystream 

Energy audit   Price 

Wind turbine: 3.7 kW skystream   10 950 € 

Battery capacity: 0 kWh 

 

0 € 

Hot water boiler: 300 liters   0 € 

  

  

Total price: 10 950 € 

Calculation settings Saved electricity: 1758 kWh/year 

Service cost: 100 €/year CO2 reduction: 0.4 ton/year 

Mast: n/a meters Reduced electricity cost: 22 € /month 

Average wind speed: 4.15 m/s All wind turbine costs: -67 € /month 

Interest rate: 4.0%   Difference: -45 € /month 

Payback time 25 years    

Energy class after wind turbine installation: G   

 
 
Price 8750 €, with installation +2200 € (Kerminen, 2012:48, table 13). 
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Figure 9. Power output of Tuule E200. (Finnwind Tuule E200, 2011:4) 
 
 
Table 10. Energy audit, FinnWind Tuule E 200 -18m 

Energy audit   Price 

Wind turbine: 3.5kW FinnWind Tuule E 200 -18m   17 500 € 

Battery capacity: 0 kWh 

 

0 € 

Hot water boiler: 300 liters   0 € 

  

  

Total price: 17 500 € 

Calculation settings Saved electricity: 4823 kWh/year 

Service cost: 100 €/year CO2 reduction: 1 ton/year 

Mast: 18 meters Reduced electricity cost: 60 € /month 

Average wind speed: 4.15 m/s All wind turbine costs: -102 € /month 

Interest rate: 4.0%   Difference: -41.40 € /month 

Payback time 25 years    

Energy class after wind turbine installation: F   
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Table 3. Energy audit, 3, 5 kW FinnWind Tuule E 200 -27m 

Energy audit   Price 

Wind turbine: 3.5kW FinnWind Tuule E 200 -27m   21 600 € 

Battery capacity: 0 kWh 

 

0 € 

Hot water boiler: 300 liters   0 € 

  

  

Total price: 21 600 € 

Calculation settings Saved electricity: 5764 kWh/year 

Service cost: 100 €/year CO2 reduction: 1,2 ton/year 

Mast: 27 meters Reduced electricity cost: 72 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -124 € /month 

Interest rate: 4.0%   Difference: -51.50 € /month 

Payback time 25 years    

Energy class after wind turbine installation: F   

 
 
The price with an 18 meter mast is about 16000 € and the installation 1500 €. With 27 

meter mast the price is 18600 € and installation cost 3000 €. The installation price in 

both cases is given for south Finland with easy road access. The prices have been 

estimated from information given by Kantonen Matti, 2013, working at Finnwind and 

partly also from an interview with Kantonen, 2012, by Kerminen (2012:48). 
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Figure 10. Power output of H4.6-3kW (Hummer, H4.6-3kW) 
 
 
Table 11. Energy audit, 3 kW H4.6 

Energy audit   Price 

Wind turbine: 3kW H4.6   20 000 € 

Battery capacity: 0 kWh 

 

0 € 

Hot water boiler: 300 liters   0 € 

  

  

Total price: 20 000 € 

Calculation settings Saved electricity: 4120 kWh/year 

Service cost: 100 €/year CO2 reduction: 0.8 ton/year 

Mast: 18 meters Reduced electricity cost: 51 € /month 

Average wind speed: 4.15 m/s All wind turbine costs: -115 € /month 

Interest rate: 4.0%   Difference: -63.52 € /month 

Payback time 25 years    

Energy class after wind turbine installation: G   

 
Price 20000 € including installation (Parkkari and Perkkiö, 2011:7-8). 
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Figure 11. Power output of H8.0-10kW (Hummer, H8.0-10kW) 
 
 
Table 12. Energy audit, 10 kW H8.0 -18m 

Energy audit   Price 

Wind turbine: 10kW H8.0   47 500 € 

Battery capacity: 1 kWh 

 

247 € 

Hot water boiler: 700 liters   800 € 

  

  

Total price: 48 546 € 

Calculation settings Saved electricity: 11572 kWh/year 

Service cost: 100 €/year CO2 reduction: 2.3 ton/year 

Mast: 18 meters Reduced electricity cost: 145 € /month 

Average wind speed: 4.15 m/s All wind turbine costs: -267 € /month 

Interest rate: 4.0%   Difference: -122.64 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   
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Table 4. Energy audit, 10kW H8.0 

Energy audit   Price 

Wind turbine: 10kW H8.0   51 600 € 

Battery capacity: 1 kWh 

 

247 € 

Hot water boiler: 700 liters   800 € 

  

  

Total price: 52 646 € 

Calculation settings Saved electricity: 13418 kWh/year 

Service cost: 100 €/year CO2 reduction: 2.7 ton/year 

Mast: 27 meters Reduced electricity cost: 168 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -289 € /month 

Interest rate: 4.0%   Difference: -121.44 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   

 
 

Table 5. Energy audit 60 years payback time, 10kW H8.0 

Energy audit   Price 

Wind turbine: 10kW H8.0   51 600 € 

Battery capacity: 2 kWh 

 

493 € 

Hot water boiler: 1500 liters   2 399 € 

  

  

Total price: 54 492 € 

Calculation settings Saved electricity: 14007 kWh/year 

Service cost: 700 €/year CO2 reduction 2.8 ton/year 

Mast: 27 meters Reduced electricity cost: 175 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -174 € /month 

Interest rate: 1.5%   Difference: 1.44 € /month 

Payback time 60 years    

Energy class after wind turbine installation: E   

 
 
Price 47500 € including installation (Parkkari and Perkkiö, 2011:7-8). 
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Figure 12. Power output of H9.0-20kW (Hummer, H9.0-20kW) 
 
 
Table 13. Energy audit, 20 kW H9.0 -18m 

Energy audit   Price 

Wind turbine: 20kW H9.0   80 750 € 

Battery capacity: 3 kWh 

 

617 € 

Hot water boiler: 900 liters   1 199 € 

  

  

Total price: 82 566 € 

Calculation settings Saved electricity: 16973 kWh/year 

Service cost: 150 €/year CO2 reduction: 3.4 ton/year 

Mast: 18 meters Reduced electricity cost: 212 € /month 

Average wind speed: 4.15 m/s All wind turbine costs: -453 € /month 

Interest rate: 4.0%   Difference: -240.78 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   
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Table 14. Energy audit, 20 kW H9.0 -27m 

Energy audit   Price 

Wind turbine: 20kW H9.0   85 250 € 

Battery capacity: 3 kWh 

 

617 € 

Hot water boiler: 900 liters   1 199 € 

  

  

Total price: 87 066 € 

Calculation settings Saved electricity: 19285 kWh/year 

Service cost: 150 €/year CO2 reduction: 3.9 ton/year 

Mast: 27 meters Reduced electricity cost: 241 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -477 € /month 

Interest rate: 4.0%   Difference: -235.88 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   
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Figure 13. Power output of H12.0-50kW (Hummer, H12.0-50kW) 
 
 
Table 6 Energy audit A class, 50kW H12.0 

 
 
 
 
 
 
 

Energy audit   Price 

Wind turbine: 50kW H12.0   161 500 € 

Battery capacity: 851 kWh 

 

170 212 € 

Hot water boiler: 7000 liters   13 392 € 

  

  

Total price: 345 104 € 

Calculation settings Saved electricity: 38448 kWh/year 

Service cost: 200 €/year CO2 reduction: 7.7 ton/year 

Mast: 27 meters Reduced electricity cost: 481 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -1 858 € /month 

Interest rate: 4.0%   Difference: -1 376.96 € /month 

Payback time 25 years    

Energy class after wind turbine installation: A   
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Figure 14. Power output of H19.2-100kW (Hummer, H19.2-100kW) 
 
 

Table 7. Energy audit 10 houses, 100kW H19.2 

Energy audit (per building)   Price 

Wind turbine: 100kW H19.2 (shared with 10 buildings)   25 000 € 

Battery capacity: 2,1 kWh 

 

4 19.4 € 

Hot water boiler: 600 liters   5 99.6 € 

  

  

Total price: 26 019 € 

Calculation settings Saved electricity: 11863.5 kWh/year 

Service cost: 50 €/year CO2 reduction: 2.4 ton/year 

Mast: 27 meters Reduced electricity cost: 1 48.3 € /month 

Average wind speed: 4.44 m/s All wind turbine costs: -1 43.0 € /month 

Interest rate: 4.0%   Difference: 5.33 € /month 

Payback time 25 years    

Energy class after wind turbine installation: E   

 
The average price is 250000 €  (Parkkari and Perkkiö, 2011:7-8). 
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APPENDIX B 

The calculation method used here is similar to what Pekkala (2013:42-45) did when 
doing energy calculations for a hybrid system with solar panels and ground source heat 
pump. The difference here is that the complicated solar energy calculation is replaced 
with a wind energy calculation and that heat losses from the boiler is not taken into 
account.  
  
Here the excel calculations explained in 3.4 are described in detail. With enough 
understanding of excel, programming and with the help of Figure 13 to 16 the 
calculations can be repeated with similar results.  
 
Ossian Pekkala 
Engineer, Distributed energy systems  

 
  
The data for the measurements and the required calculations are done for each hour from 

row 20 to row 8779 totaling 8760 hours, one year (see Figure 13). Starting from row 21 

and down to row 8779 the columns in Figure 13 are calculated following: 

 

E21:  The measured temperature at hour 2 for the year (see 2.10) 

G21:  The measured wind speed at hour 2 for the year (see 2.10) 

H21: Column G’s wind speed is adjusted based on desired average wind speed, see 

Figure 15.  

 

D21: The heating need for each hour have been calculated using that the heating demand 

starts when outside temperature gets below 15 ºC and the heating demand for each hour 

is proportional to the difference between outside temperature and15 ºC. When the 

temperature outside is 15 ºC or above there is no heating demand. 

 

 O21: For each degree temperature difference a specific heating demand are calculated 

from the given yearly heating demand in the energy certificate (see Table 1). This is 

done by dividing the heating demand with the sum of the temperature differences, rows 

D21-8779 for a year.  
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N21: Yearly electricity needs for electrical equipment are divided with 8760 giving the 

average need for each hour.  

 

V21: Yearly electricity need for hot water is divided with 8760 giving the average need 

for each hour. The buildings total electricity need for each hour is summed.  

 

K21: Power output are interpolated from Column I and J based on Column H. 

The produced wind energy for each hour is calculated based on the chosen wind turbines 

power output for the actual wind speed for that hour.  

 

L21: From the produced wind energy in Column L a loss of 10 % are deducted. 

 

P21: The buildings electricity demand for heating and equipment are deducted with the 

produced wind energy after losses. Min value is 0. 

 

S21: Desired battery capacity, Figure 15 

If there is an excess of wind energy (Column R), this energy is stored first in the 

batteries until they are full and then in the hot water boiler until the temperature reaches 

95 ºC. After this the wind energy is considered lost (see 2.6 and 2.8). When the 

calculated boiler temperature are higher than 55 ºC and there is not enough wind energy, 

the hot water energy demand are taken from the boiler and is not included in the total 

energy demand of the building. Similar, as long there is calculated energy in the batteries 

the building energy demand is taken from those. 

 

T21: Column T gives the required electric energy that needs to be purchased hour, 

excluding hot water demand. 

 

AJ21: Column AJ gives the required electric energy that needs to be purchased each 

hour for hot water. 
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Saved electricity (see Figure 15 and 16): From the old purchased electricity demand the 

new purchased electricity demand is deducted giving the saved electricity.  

 

All wind turbine costs: Monthly costs calculated based on turbine installation cost, 

interest rate, payback time and service cost. See Figure 16. The PMT (interest rate; 

payback time; total price) excel command calculates the sum of each payment automatic, 

when the payback is same each time. 

 

Difference: This gives the difference of income each month compared to when the wind 

turbine is installed and when it’s not. A negative value means the wind turbine makes a 

loss and a positive value means that the wind turbine gives profit.  

 

Cost for 1 kWh/year: Difference/ Saved electricity 

The energy class in Figure 16 is changed based on saved electricity, original energy need 

from Table 1 and energy certificate law explained in 2.7. 

 

 

Figure 15. Excel data and calculations 
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Figure 16. Wind speed dependent power output 

 

 

Figure 17. Excel configurations 
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Figure 18. Excel results 
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APPENDIX C 

The energy performance certificate (Figure 17 and 18) has been ratified with a signature 
and is legal according to the energy performance certificate law (50/2013) in Finland. 

Figure 19. Energy performance certificate page 1 
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Figure 20. Energy performance certificate page 4 
 


