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Abstract 

Potential revenue from wind power generation is an important factor to be considered when planning 

a wind power investment. In the future, assessing potential revenue may become even more 

important because it is known that wind power generation tends to push electricity wholesale prices 

lower. Consequently, it is possible that if a region has plenty of installed wind power capacity, 

revenue per generated unit of electricity is lower there than for example the mean electricity 

wholesale price. Hence, assessing the profitability of a wind power investment based on mean 

electricity spot price may lead to too optimistic assumptions. 

 

In this bachelor’s thesis I compare seven different areas in Finland in terms of revenue from wind 

power generation. That is done by simulating hourly generation with three different turbine types 

and at two different hub heights and multiplying that by the hourly electricity spot price for years 

2018 and 2019. Simulated revenues differ greatly between locations and turbine types, major factor 

being technical potential, i.e. the amount of electricity generated. Differences between revenues per 

generated MWh seem to be small, however, the smallest figures being on the western coast where 

installed capacities are the largest in Finland. 
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Tuulivoiman alueellisen tuotantopotentiaalin arvioimiseen on olemassa ohjelmistoja ja suuri määrä 

tutkimuskirjallisuutta. Näissä kuitenkin jätetään usein huomioimatta arvio potentiaalisista 

tuotannosta saatavista tuloista. Tuulivoimainvestointia suunnitellessa liikevaihto on tärkeää ja 

tulevaisuudessa mahdollisesti entistäkin tärkeämpää ottaa huomioon, sillä tiedetään, että 

tuulivoimalla tapahtuva sähköntuotanto vaikuttaa sähkön markkinahintaan laskevasti 

tuulivoimatuotannon alhaisen marginaalikustannuksen vuoksi. Jos tarkasteltavalla alueella on 

suhteessa sähkömarkkinan kokoon paljon tuulivoimakapasiteettia, on siis mahdollista, että alueella 

tapahtuva tuulivoimatuotanto korreloi negatiivisesti sähkön markkinahinnan kanssa. Tämä taas 

laskee tuotannosta keskimäärin saatavaa hintaa tuotettua yksikköä, esimerkiksi megawattituntia 

kohden. 

Tässä työssä vertailen seitsemää tuuliolosuhteiltaan ja maantieteelliseltä sijainniltaan erilaista 

kohdetta käyttämällä mittarina tuulivoimatuotannosta potentiaalisesti saatavaa liikevaihtoa.  

Simuloin tuotantoa kolmella eri turbiinityypillä ja kahdessa eri napakorkeudessa käyttämällä 

lähtötietoina tuulimittauksia (nopeus ja suunta) kymmenen minuutin tarkkuudelta vuosilta 2018 ja 

2019. Tuulen nopeuden ekstrapoloimiseksi tuulivoimalan napakorkeuteen arvioin mittauspaikkaa 

ympäröivän maaston rosoisuuden. Ekstrapoloidusta tuulennopeudesta tuulivoimalan tuotantotehon 

laskemiseen käytin tuulivoimaloiden todellisia ominaisuuksia, tärkeimpinä tehokäyrää ja 

napakorkeutta. Lopuksi kerroin simuloidun tuntituotannon Suomen hinta-alueen tuntikohtaisella 

sähkön spot-hinnalla liikevaihdon laskemiseksi. 

Simulointieni perusteella erot liikevaihdoissa kohteiden välillä olivat suuria: Samalla turbiinilla 

samassa napakorkeudessa suurin ero keskimääräisissä tunnittaisissa liikevaihdoissa kohteiden välillä 

oli 49,68 €/h.  Selkeästi tärkein liikevaihtoihin vaikuttava tekijä oli alueen tekninen 

tuotantopotentiaali eli tuotantomäärä, joka seuraa hyvin pitkälti kunkin alueen tuuliolosuhteita. Erot 

keskimääräisissä tuotannosta saatavissa hinnoissa megawattituntia (MWh) kohden taas olivat pieniä, 

kuitenkin niin, että länsirannikolla, jossa suuri osa Suomen tuulivoimakapasiteetista sijaitsee, 

keskimääräiset hinnat olivat alhaisimpia. Alhaisin lukema oli Kemissä (42,49 €/MWh) ja ylin 

Saariselällä (44,61 €/MWh), kun Suomen hinta-alueen keskimääräinen sähkön spot-hinta koko 

ajanjaksolta oli 45,42 €/MWh. Tarkempi analyysi osoitti, että todennäköinen selittävä tekijä näihin 

eroihin kohteiden välillä on edellä mainittu negatiivinen korrelaatio tuulivoimatuotannon ja sähkön 

tukkumarkkinahinnan välillä. 

Avainsanat  Tuulivoima, Uusiutuva energia, Tuulivoimapotentiaali, Liikevaihto, Suomi 
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1 Introduction 

Climate change is an internationally recognized, global problem that is caused by 

excessive stock of greenhouse gases in the atmosphere. One way of responding to it is 

decreasing greenhouse gas emissions emitted into the atmosphere, which slows down the 

rate of change. A major greenhouse gas is carbon dioxide (CO2) that is mainly emitted 

when burning fossil fuels as a source of energy to be used in for example transportation 

and electricity generation. However, there are energy sources that can be utilized with 

minimal emissions and one of those is wind power that is the focus of this thesis.   

Wind power is a rapidly growing source of energy in electricity production in Finland. In 

only ten years, between 2009 and 2019, cumulative installed wind power capacity grew 

from around 200 MW to 2300 MW (AFRY 2020). In the same period annual power 

production increased from couple hundred GWh to around 6000 GWh and in 2019, wind 

power accounted for 9% of total electricity generation in Finland (Energiateollisuus ry 

2020; AFRY 2020). According to data provided by Etha Wind (2020), around 18500 MW 

of new capacity is either under construction or in different planning phases with planned 

start of production ranging from 2020 to 2030. 

Nordic electricity wholesale market, Nord Pool, covers four countries: Denmark, 

Norway, Sweden and Finland. Its day-ahead pricing mechanism is relatively simple: For 

each hour electricity sellers and buyers bid the volume (MWh/h) they are willing to 

produce or buy and at which price. Demand and supply curves are then formed from these 

individual bids and the price sets at the level where the curves cross. The whole area under 

Nord Pool is divided into smaller bidding areas to handle congestions in the electricity 

grid and hence, prices can vary between different regions if transmission capacity is not 

sufficient between regions, which is often the case. Finland is a unified bidding area and 

hence, electricity spot price everywhere in the country is the same. Besides day-ahead 

trading, other types of electricity trading, such as intraday trading and power purchase 

agreements, also exist. However, in this thesis focus is on electricity spot prices formed 

in the day-ahead trading. (Nord Pool) 

Due to its variable nature, wind power creates variability to the electricity supply and 

hence, to electricity spot prices. In windy days when wind power generates electricity at 

high volumes, prices tend to be lower, sometimes even negative, especially if demand is 

low. Vice versa, when generation power is low, prices tend to be higher, especially if one 

or more nuclear power plants are on maintenance break, other balancing mechanisms, 

such as hydropower, are not available at sufficient volumes and/or demand is high. That 

negative correlation between prices and generation power as well as the extreme cases 

described above can be seen from Figure 1. Of course, correlation does not mean 

causation but for instance Quint, Dahlke (2019) and Amor et al. (2014) have found causal 

effects of wind power generation on electricity prices in the U.S. and Canada, 

respectively. 
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Figure 1 Relationship between hourly wind power production (hourly forecast) and 

electricity spot prices in Finland in 2018 and 2019. Red line is fitted to the points using 

least squares method. (Fingrid 2020a; Nord Pool 2020). 

 

This thesis compares seven different locations in Finland in terms of the simulated 

revenue from wind power production. This is done by simulating hourly generation with 

three turbine types at two different hub heights and multiplying the generation with hourly 

electricity spot price. Consequently, two variables determine the lucrativeness of a 

location from the perspective of revenue: First, technical potential the location has for 

wind power i.e. power output and second, price in the electricity wholesale markets when 

electricity is generated at the location.  

The first of the two variables mentioned above is rather straightforward but the second 

may need more explaining. Since the wholesale electricity price is the same everywhere 

in Finland, isn’t the latter variable same for every location? A reason why the second 

variable differs between locations is that power output varies between locations 

temporally. Hence, it is possible that the price paid for generation varies between 

locations both because of random variation in price and power outputs as well as the 

negative correlation between wind power production and electricity prices mentioned 

above. Especially, if a location has plenty of installed wind power capacity nearby, it may 

be that electricity price is affected by generation there which in turn influences the 

revenue from wind power generation. 

The results of this thesis are important because there are only few publicly available wind 

resource assessments from Finland and they are usually based on from today’s 

perspective old wind turbine models (for example,  (K. M. Hynynen et al. 2012) and  

(Finnish Meteorological Institute 2009)). In addition, there are no studies that combine 
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the estimated production and electricity price at least in a high frequency to obtain the 

revenue potential at different locations. Estimating the potential revenue is important 

because as discussed earlier, the price paid per generated unit of energy may vary between 

regions although the hourly electricity price was same in the regions. 
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2 Literature review 

Numerous studies have assessed technical wind power potential in different areas using 

rather similar methods. The assessing process is roughly visualized in Figure 2. Wind 

speed data at desired locations is often gathered either from a wind atlas database, such 

as Finnish Wind Atlas, at a desired height as in (Rinne et al. 2018) or using direct 

measurement data as in  (Sherida et al. 2012). Direct measurements take place usually at 

low heights and they need to be extrapolated to wind turbine hub heights using for 

instance log law as in (Sherida et al. 2012) and (González-Aparicio et al. 2017) or power 

law as in  (Bañuelos-Ruedas et al. 2010) where they analyzed these two extrapolation 

methodologies.  Extrapolation requires information about the geography of the location, 

in particular about the surface roughness. This can be done by estimating surface 

roughness for different directions of wind, “roughness rose”, such as in  (Gualtieri, Secci 

2011), or using a proxy parameter for the area, which is typical for studies with large 

geographic scope, such as in  (González-Aparicio et al. 2017).  

A common method in converting extrapolated or measured wind data to power generation 

is by using power curve, which shows the relationship between power output and wind 

speed for a certain turbine. For instance, Rinne et al. (2018) do their estimations using 

several turbine types,  Bosch et al. (2017) use a composite power curve derived from eight 

large turbine models and Sherida et al. (2012) estimate using one turbine model as a 

representative one.  

 

Figure 2 Wind power potential assessment process. My contribution with a dashed line. 
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Although there are numerous studies comparing different regions in terms of wind power 

potential from the perspective of for example wind conditions and land use, at least to the 

best of my knowledge, there are no studies comparing potential revenues. However, for 

example Amor et al. (2014) and Quint, Dahlke (2019) use hourly wholesale electricity 

price and wind power generation data to estimate the causal impact of wind power on 

electricity prices in different areas. That is related to the topic under study of this thesis, 

especially to the second variable determining revenue from production at a certain 

location: price paid for wind power production there. In addition, there is a wide economic 

literature estimating the market value of wind power and how it behaves as installed 

capacity increases under different scenarios for example for the spatial distribution of 

wind power capacity and carbon pricing (see for example  (Hirth 2013) and (Eising et al. 

2020)). The idea behind that literature is similar to what was presented in the introduction: 

Increasing capacity decreases the price paid per unit of electricity because of the negative 

causal relationship between electricity price and wind power output.     
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3 Materials and methods 

Simulation was carried out in MATLAB after which the results were processed using R.  

3.1 Data sources 

Data sources for the simulation can be seen from Table 1. 

Table 1 Data sources for the simulation. 

Type Source 

Wind speed and direction Finnish Meteorological Institute (Finnish 

Meteorological Institute 2020a) 

Hourly electricity spot price in Finland Nord Pool (Nord Pool 2020) 

Power curves The Wind Power (The Wind Power 2020) 

Land roughness Paikkatietoikkuna (National Land Survey 

of Finland, Finnish Environment Institute 

2019) 

 

3.2 Locations 

Wind farms in Finland are rather heavily concentrated to western coastal region (Figure 

3). According to AFRY (2020), by the end of 2019, starting from the northern part of the 

coast and going towards south, North Ostrobothnia had 38.9% of cumulative capacity in 

Finland, Central Ostrobothnia 4.6%, Ostrobothnia 12.6%, South Ostrobothnia 10% and 

Satakunta 11.1%. In total, that accounts for 77.2% of total wind power capacity in Finland 

(AFRY 2020). In addition, Lapland in the northern Finland had 12% of total capacity of 

which major share is located in the northern part of the western coast (AFRY 2020). 

According to Etha Wind (2020), majority of planned wind farm investments are also 

located to the western coast (70-80% of planned capacity), particularly to the northern 

part of it (Northern Ostrobothnia). Other areas of interest are Kainuu in the east and 

Lapland in the north, both constituting around 5% of planned capacity (Etha Wind 2020).  

Looking at the map in Figure 4, those areas seem to be rational choices for wind power 

production because of good wind conditions. Many municipalities in that area have 

negative population inflow rate and low population density so in the pursuit of real estate 

tax revenues, they are rather happily zoning new area for wind farms as there are also not 

as many obstacles to them compared to more densely populated areas (Mainio 2019). 

However, looking at Figure 3 and Figure 4, other potential areas in the southern coast as 

well as in elevated areas in the northern and eastern part of the country seem to be almost 

totally without generation. Major reason why the southern coast and practically the whole 

Eastern Finland are not utilized is that The Finnish Defence Forces has not allowed to 

install wind farms there in the fear that they would have an effect on their radars 

(Pyrhönen et al. 2019). In addition, in many parts of the Northern Finland, basic 
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infrastructure for installing wind power, such as road and power grid networks, are not so 

good compared to southern parts of the country which increases construction costs in the 

north (Fingrid 2020b). 

In this thesis I compare seven different locations in terms of the simulated revenues from 

wind power production. The locations are marked to the map in Figure 4. Three of them 

are in the western coast, two in Lapland, one in the south-eastern coast and one in the 

Southwest Finland. The locations are selected based on wind conditions, already installed 

wind power capacity and planned wind power investments so that areas with different 

levels of capacity and wind conditions can be compared in terms of revenues from 

generation. The exact locations are the locations of weather observation stations of 

Finnish Meteorological institute. More detailed information of those places can be found 

in Table 3. 

 

Figure 3 Map of operating wind 

turbines in Finland  (Etha Wind, 

Finnish Wind Power Association 

2019). 

 

Figure 4 Map of mean wind speeds in 

Finland at 100 m altitude. Locations 

of interest are marked to the map.   

(World Bank, Technical University of 

Denmark 2019) 
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3.3 Wind speed 

Wind speed data contains observations of average wind speed and direction in 10 minutes 

intervals covering years 2018 and 2019. Measurements are carried out 10 meters above 

major obstacles in the surroundings and hence, heights vary between locations (Finnish 

Meteorological Institute a). They are either obtained from (Finnish Meteorological 

Institute 2020b) or if there were no information available, 15 m was used. Descriptive 

statistics of the wind data can be seen from table 2. 

Table 2 Descriptive statistics of wind data 

 
Mean wind 

speed (m/s) 

SD wind speed 

(m/s) 

No. of 

observations 

Most frequent wind 

direction (90o sectors) 

Porvoo 7.12 3.58 104986 West 

Jokioinen 3.53 1.73 105022 South 

Pori 6.39 3.42 104883 South 

Kokkola 6.31 3.40 104269 South 

Kemi 5.69 3.20 104414 South 

Sodankylä 3.36 2.14 104267 South 

Saariselkä 6.33 2.88 104249 South 

 

Wind speeds are extrapolated to 100 m height using log law as for instance in Sherida et 

al. (2012). More detailed version of that is also being used in WAsP which is generally 

applied tool in analyzing technical wind power potential (Serny Jacobsen 2014). When 

assuming neutral atmospheric stability and no large obstacles around the location wind 

speed is measured, relation between wind speeds at two different heights is the following: 

U(zh) = U(zr) ln(z/z0) / ln(zr/z0)       (1) 

In Equation 1 zh is the hub height (here 100 and 150 m), zr is the height in which the wind 

speed is measured and z0 is roughness length which is a parameter that describes land 

topography. Details of these parameters for the locations are provided in Table 4. 

Since the parameter describing land roughness, z0, varies considerably depending on the 

wind direction especially in the coastal area, it is estimated separately for four cardinal 

directions (90⁰ sectors) with a radius of 10 km. In Finland, roughness also differs between 

different periods of year mainly because of snow and ice covering land surface. Length 

of the period snow and ice covers the surface is assessed separately for each place using 

a map from  (Finnish Meteorological Institute b). Base for the roughness length estimation 

is CORINE Land Cover 2018 raster data  (National Land Survey of Finland, Finnish 

Environment Institute 2019) and a roughness length table provided in (Finnish 

Meteorological Institute 2009).  
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I had no tool for calculating exact roughness lengths which may have affected the results 

particularly for locations that are surrounded by different types of surface coverings (e.g. 

sea and ground in the same sector). In those cases, I averaged different roughness length 

table values depending on how large an area different surface types cover in the sector. 

In addition, because of the observation station in Saariselkä Kaunispää is on top of a 

mountain, smaller radius (~1 km) is used for simplicity. Table 3 shows roughness length 

values used in the simulation. To capture the effect of roughness length on the variables 

of interest (power output and revenue), the simulation was also carried out with 30% 

higher and lower roughness length values. 

Table 3 Roughness length values used in the simulation 

Surface type z0, winter z0, summer 

Open water 0.0007 0.0003 

Water, < 50% ground 0.1 0.1 

Water, > 50% ground 0.5 0.5 

Forest 1.4 1.4 

Field / moor and heathland / 

peatbog / airport and < 50% 

forest 

0.6 0.6 

Field / moor and heathland / 

peatbog / airport and > 50% 

forest 

1 1 

Moors and heathland 0.05 0.001 
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Table 4 Details of the wind measurement locations. Two different values for z0 are given 

for summer and winter, respectively. 

Location zr (m) z0, North 

(m) 

z0, East 

(m) 

z0, South 

(m) 

z0, West 

(m) 

Permanent 

snow 

Porvoo  35 0.5; 0.5 0.1; 0.1 0.0003; 

0.0007 

0.1; 0.1 21.12 – 10.4 

Jokioinen  15 

(estim.) 

0.6; 0.6 1.0; 1.0 1.0; 1.0 1.0; 1.0 16.12- 4.4 

Pori  16 0.1; 0.1 0.5; 0.5 0.0003; 

0.0007 

0.0003; 

0.0007 

21.12 – 10.4 

Kokkola 13 0.0003; 

0.0007 

0.0003; 

0.0007 

0.5; 0.5 0.0003; 

0.0007 

16.12- 4.4 

Kemi  36 0.1; 0.1 0.5; 0.5 0.1; 0.1 0.0003; 

0.0007 

20.11 – 1.5 

Sodankylä 15 

(estim.) 

0.0003; 

0.0007 

1.4; 1.4 1.4; 1.4 1.4; 1.4 22.10 – 25.5 

Saariselkä 15 

(estim.) 

0.05; 0.001 0.05; 

0.001 

0.05; 

0.001 

0.05; 

0.001 

22.10 – 25.5 

 

3.4 Power output 

To convert wind speeds at two different altitudes, 100 and 150 m, into power output, I 

obtained power curves (Figure 5) of Vestas V136 3.45 MW, Vestas V126 3.45 MW and 

Nordex N149 4.5 MW turbine models from The Wind Power (2020). Since the wind 

observations were in 10 minutes intervals, production was also calculated in that 

frequency and after that averaged for the whole hour. 

Turbine models mentioned above are used in this thesis for a good reason: In Finland in 

2019, 65% of the number of cumulative installed wind turbines had power between 3 and 

3.99 MW and Vestas holds 53% of the cumulative installed capacity (AFRY 2020). In 

addition, for instance in 2017, 91% of installed capacity were Vestas turbines with a 

power of 3.45 MW (Finnish Wind Power Association 2019). Vestas has three other 

turbine types with power of 3.45 MW, too, but I concentrate on these two. Model V136 

is designed for low- and medium wind sites whereas V126 is for medium wind sites. 

Nordex N149 was chosen because in 2020, around 40% of wind farms under construction 

without subsidy from the state had Nordex as a turbine manufacturer and turbine power 

between 4.3 and 4.8 MW (Finnish Wind Power Association 2020). The particular model 

was chosen because there was power curve data available of it.  
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Besides power curves, other information about the turbines relevant in this thesis can be 

found in Table 5. Re cut-in wind speed means wind speed at which a turbine starts 

producing electricity again after cutting out due to too high wind speed. This factor has 

been taken into account in the simulation for Vestas turbines, for N149 I did not find 

information about that value and therefore, it is not taken into account. 

Figure 5 Power curves of wind turbine models used in this thesis  (The Wind Power 

2020). 

 

Table 5 Detailed information of wind turbine models used in this thesis  (Vestas 2020; 

Nordex).  

 Vestas V136 Vestas V126 Nordex N149 

Rated power (MW) 3.45 3.45 4.0-4.5 

Cut-in wind speed 

(m/s) 

3 3 3 

Re cut-in wind 

speed (m/s) 

20 20 - 

Cut-out wind speed 

(m/s) 

22.5 22.5 20 (26 possible) 

Hub heights (m) 82, 105, 112, 132, 

142, 149, 166 

87, 137, 147, 149, 

166 

up to 164 
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3.5 Revenue 

Hourly revenue was calculated by multiplying the simulated hourly production (MWh/h) 

with hourly electricity spot price (€/MWh/h). This was done separately for the seven 

different locations and with six different combinations of turbine types and hub heights. 

Spot prices were obtained for Finnish bidding area from Nord Pool market data (Table 1 

in chapter 3.1). From the simulated revenues, the comparison between different locations 

as well as turbine models and hub heights could be made. Combining the estimated 

revenues and power outputs it was also possible to examine the mean revenue per 

generated MWh. 
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4 Results and discussion 

4.1 Extrapolated wind speeds 

Figure 6 shows distributions and means of extrapolated wind speeds at 100 and 150 m 

heights at the seven different locations. As can be seen, Porvoo, Pori and Kokkola have 

very similar distributions of wind speeds as do Jokioinen and Kemi especially at 150 m 

height. In all places except Sodankylä modes are in the region of 5-7 m/s and as can be 

expected, the lower the average wind speed, the higher the peak is.  

 

Porvoo Emäsalo Jokioinen Ilmala 

Pori Tahkoluoto Kokkola Tankar 
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Kemi Ajos 

 

Sodankylä Lokka 

Saariselkä Kaunispää 

 

Figure 6 Histograms of wind speeds at 100 (grey) and 150 m (green) heights. The 

figures are wind speed means so that mean at 100 m is on top. 

 

4.2 Power output 

Figures 7 and 8 show the average power outputs and capacity factors for all locations with 

different turbine types and hub heights. As can be expected by looking at the wind speed 

extrapolations, at Porvoo, Pori and Kokkola average power outputs and capacity factors 

are the highest with Saariselkä being close to these three. The lowest figures are at 

Sodankylä and Jokioinen where the simulated capacity factors with Vestas V126 3.45 

MW turbine at 100 m height lie only couple percentage points above 20%. When 

comparing the three turbine models in terms of average power outputs, N149 has, of 

course, with its largest rated power, clearly the highest values and Vestas V126 the lowest. 

However, when looking at the capacity factors, Vestas V136 comes before the two other 

models, and what is remarkable, comes before V126 at every location even when 

comparing V136 at 100 m and V126 at 150 m height. That is because the good 
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performance of V136 in low wind conditions as can be seen from the power curves in 

Figure 5. 

I also simulated hourly outputs and capacity factors by using 30% higher and lower values 

for surface roughness length. The range between these two extremes especially for 

capacity factor is narrow for locations where roughness length estimates are low (Porvoo, 

Pori, Kokkola, Kemi and Saariselkä) and clearly wider for the locations in inland with 

high roughness length estimates (Jokioinen and Sodankylä). For capacity factors the 

width of the range between upper and lower value at the locations with low roughness 

length is between 0.9 and 1.8 percentage points and from 4.2 to 6.7 percentage points for 

Jokioinen and Sodankylä. In terms of average hourly outputs those ranges are from 29.5 

to 82.8 kWh for locations with low roughness length values and from 144 to 296 kWh for 

Sodankylä and Jokioinen, and of course, the largest values being for Nordex N149 that 

has the highest rated power.   

When the simulated capacity factors are compared to the average capacity factor of wind 

power in Finland (32.7%) (VTT 2019), they look rather high. This is because my 

sumilations represent an idealized case that does not take into account losses occuring for 

example because of other wind turbines nearby in a wind farm and/or icing of wind 

turbine blades.   

 

Figure 7 Average power outputs (MWh/h) with different turbines at different heights 

and locations. 
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Figure 8 Capacity factors for different turbine models at different heights and locations. 

 

When the capacity factors are compared to values from two other sources, 

Renewables.ninja and Global Wind Atlas, it can be seen that at every location they are 

the same range with at least one other source (Table 6). Those two sources model wind 

power output using different approaches which at some locations leads to considerably 

different results. In general, Renewables.ninja has more accurate temporal resolution 

whereas Global Wind Atlas is more accurate in spatial sense. In the Table 6 the values of 

Renewables.ninja are based on weather observations in 2019 and those of Global Wind 

Atlas on observations in period 2008-2017. (Staffell, Pfenninger 2016; World Bank, 

Technical University of Denmark 2019). 

Table 6 Capacity factors at different locations with Vestas V136 3.45 turbine model at 

100 m height from my simulation and simulations of Renewables.ninja and Global Wind 

Atlas. 

 
This thesis Renewables.ninja Global Wind Atlas 

Porvoo Emäsalo 0.55 0.47 0.56 

Jokioinen Ilmala 0.32 0.36 0.45 

Pori Tahkoluoto 0.53 0.48 0.55 

Kokkola Tankar 0.54 0.46 0.52 

Kemi Ajos 0.39 0.4 0.46 

Sodankylä Lokka 0.29 0.33 0.40 

Saariselkä Kaunispää 0.50 0.33 0.51 
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4.3 Revenue 

Figure 9 shows revenue means the similar way power outputs were assessed above. When 

comparing to Figure 7 that shows the average power outputs, mean revenues seem to be 

consistent with those. No notable difference can be detected either in the order between 

different locations or turbine models and hub heights. Therefore, the highest revenues can 

be found in Porvoo, Pori and Kokkola with Nordex N149 at 150 m (113.65 €/h in Porvoo) 

and the lowest in Jokioinen and Sodankylä with Vestas V126 at 100 m (32.80 €/h in 

Sodankylä). When the mean hourly revenues are calculated using 30% higher and lower 

values for surface roughness length, widths of the ranges between the two extremes show 

similar pattern as for power outputs. For locations with low roughness length values the 

widths are from 1.30 to 3.88 €/h and for Jokioinen and Sodankylä they are from 6.43 to 

13.23 €/h, and again, the widest ranges being for Nordex N149 at 150 m height.  

Distributions of revenues can be seen in the boxplots of Figure 10 that shows revenues 

with Nordex N149 at 150 m height. As with the wind speeds, revenues also seem to be 

positively skewed and the lower the median value (black line inside the box) the more so. 

In addition, when comparing mean and median values in Figures 9 and 10, they are in 

line between different places but as can be expected, median values are smaller. 

Figure 9 Revenue means with different turbine models and at different hub heights and 

locations. 
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Figure 10 Boxplots of revenues with Nordex N149 at 150 m height. 

 

4.4 Western coast compared to other locations 

This section assesses the possibility raised in the introduction section that although a 

region has good preconditions for wind power, it may not be a lucrative place in terms of 

revenue anymore if the electricity price correlates negatively with power output there. For 

that use in this thesis, locations on western coast (Pori, Kokkola, Kemi) are compared to 

other locations in terms of revenue. As seen before, major share of installed wind power 

capacity in Finland is located on the western coast which makes this type of assessment 

reasonable. However, for more reliable and detailed estimates, more locations and more 

detailed data of where the installed capacity is located and how much capacity is in each 

place should be used, but here the focus is on assessing signs of existence of the effect. 

Looking at the mean revenues per hour in Figure 9 and comparing those to the average 

hourly power outputs in Figure 7, it is hard to find any evidence of the effect. Pori 

Tahkoluoto and Kokkola Tankar seem to have high and Kemi Ajos relatively low average 

hourly revenue but that is what can be expected when considering the mean hourly power 

outputs in Figure 7. Consequently, if it exists, the effect of already installed wind power 

capacity on revenue can be expected to be rather small and is probably not what the 

investors should be considering first when assessing potential locations for wind farms.  

However, when the results are examined more thoroughly, at least some signs of the 

previously mentioned effect can be found. Firstly, Figure 11 shows the total revenue 

divided by total energy output from the whole two-year period, that is, mean revenue per 

generated MWh (�̅�/MWh) for every location with different turbine types and hub heights. 

First of all, it is noteworthy that all figures are smaller than the mean electricity spot price 

of 45.42 €/MWh from the two-year period. Moreover, with almost every turbine type and 

hub height the �̅�/MWh’s are lower at locations that are on western coast compared to 

other locations if comparing with same turbine type and hub height. The only exception 

appears when comparing the figures in Porvoo and Pori with Vestas V136 at 100 m 
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height. In addition, it can be seen that when going towards north on the western coast, 

�̅�/MWh’s decrease: at Pori Tahkoluoto the difference to places away from western coast 

is negligible, whereas at Kemi Ajos it is clearer. If that observation is compared to the 

spatial distribution of wind farms in Finland (see chapter 3.2), that is what could be 

expected: Since wind farms are concentrated to the northern part of the coast, it can be 

assumed that generation there affects the electricity prices the most. By construction, 

these estimated prices are MWh are robust against errors in surface roughness lengths 

estimates. The widest range between the mean prices per MWh when using 30% higher 

and lower values for roughness length is 0.20€/MWh at Kokkola with V126 at 150 m 

height and the lowest is 0.03 €/MWh at Kemi with N149 at 100 m height. 

 Figure 11 Mean revenue per generated MWh. Line represents mean of all places 

with every turbine type and hub height (43.90 €/MWh). Note the shortened y axis. 

 

Secondly, Figure 12 is a result of sampling all possible combinations (35 combinations) 

of two sets of locations, one with four locations and one with three, and then calculating 

�̅�/MWh’s for the two sets, separately with the six different combinations of turbine types 

and hub heights. After that, differences between the two sets are plotted in Figure 12. So, 

for example if one set of locations was Porvoo, Kemi, Sodankylä and Saariselkä and 

another Jokioinen, Pori and Kokkola, one point represents the difference between 

�̅�/MWh’s for these two sets of locations with Vestas V136 3.45 turbine at 100 m height.  

From the Figure 12 it can be seen that the differences are largest (around 0.57-0.7 €/MWh) 

when the set of four consists of locations that are not on the western coast. This validates 

the conclusion made based on Figure 11 that the mean revenues per MWh are the lowest 

in locations on the western coast. Since the difference in Pori to places away from western 

coast is so small, some blue dots can also be found from the upper end of the distribution.  
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Figure 12 Differences between �̅�/MWh’s for two sets of locations, one with four and 

one with three locations, separately for different turbine types and hub heights. Red 

lines are differences when the set of three consists of locations on western coast. 

 

Thirdly, to examine more thoroughly the relationship between power output and mean 

price per generated unit of electricity at different locations, I calculated �̅�/MWh’s at 

hourly outputs from 0 to 3.45 MWh in 0.05 MWh intervals for every location using Vestas 

V126 at 100 m height. After that I regressed a line to the datapoints representing the level 

of output and corresponding �̅�/MWh using least-squares method. As an example, Figure 

13 shows how the results look like for Kokkola. The line intercepts vertical axis at 

47.50€/MWh and has a slope of -1.26 €/MWh2. R2-value that gives information about the 

goodness-of-fit of the regression i.e. how well the regression predicts variance in the 

dependent variable (mean price per generated MWh) from the independent variable 

(power output), for this location is 0.50. R2 gets values from 0 to 1 and a value of 1 means 

that the points fit perfectly to the model.  

Table 7 shows the parameters of the regressed lines for all locations. As can be seen, 

slopes and R2s are larger in absolute terms for locations on western coast (Pori, Kokkola, 

Kemi) than for others. Of the locations on the western coast Kokkola has the steepest line 

(-1.26 €/MWh2) and Pori the flattest (-1.02 €/MWh2). A likely reason why the lines are 

downward-sloping even at locations that have no or little installed wind power capacity 

in the region is that wind conditions are correlated between different areas in Finland.  
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Figure 13 Relationship between �̅�/MWh and power output at Kokkola. Note the 

shortened y axis. Width of the interval for which the points are calculated is 0.05 MWh. 

 

Table 7 Parameters of the regressed lines. 
 

Slope 

(€/MWh2) 

Vertical axis 

intercept 

(€/MWh) 

R2 

Kokkola -1.26 47.50 0.50 

Kemi -1.08 45.78 0.40 

Pori -1.02 46.95 0.40 

Porvoo -0.74 46.51 0.24 

Saariselkä -0.74 46.55 0.26 

Sodankylä -0.73 45.89 0.22 

Jokioinen -0.46 45.22 0.13 

 

Trying to explain exactly why the relationship between power output and mean revenue 

per generated MWh and the order between locations are like they are is beyond the scope 

of this study but the pattern seems clear: At locations on the western coast �̅�/MWh’s are 

smaller and decrease more steeply as a function of power output. However, it has to be 

mentioned that correlation does not mean causation: There may be underlying factors, for 

example that in Kokkola, production in this time period just happened to be high when 

the demand for electricity was low, which could be the reason for a negative correlation 

between electricity price and production there. However, correcting for those underlying 

factors in order to be able to make a perfect causal argument is out of the scope of this 

study.     
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4.5 Comparing revenues to cost estimates 

In their comparison of electricity generation costs Vakkilainen, Kivistö (2017) estimated 

the levelized cost of electricity (LCOE) of onshore wind power in Finland to be 41.4 

€/MWh. That figure was calculated using annuity payment method with an interest rate 

of 5 %, power plant lifetime of 25 years, operations and maintenance costs of 7.7 €/MWh, 

investment cost information of a wind farm installed in coastal area (1360 €/kW) and a 

capacity factor of 31.7%. I calculated LCOEs for all places and combinations of turbine 

types and hub heights the similar way as Vakkilainen and Kivistö did and with the same 

parameters varying only the value for capacity factor from my simulation (Equation 2).  

 

 

In Eq. 2 IC is investment cost (€/MW), i is interest rate, n is the power plant lifetime, CF 

capacity factor and O&M operations and maintenance cost (€/MWh). Of course, 

especially investment costs may vary considerably between different locations and 

turbine types but estimating those is beyond the scope of this thesis. However, to capture 

the effect of the variation in investment costs on LCOE, I also calculated LCOE values 

using 30% higher and 30% lower values for IC. Hence, the upper boundary for it was 

1768 €/kW that is slightly larger than Rinne et al. (2018) applied as an investment cost 

without location specific costs for Vestas V136 3.45 MW at 150 m height. Lower 

boundary was 952 €/kW which is also slightly larger than Rinne, Holttinen et al. (2018) 

used for Vestas V90 3.0 MW turbine at 75 m height.  

Figure 14 shows the rough LCOE estimates and mean revenues per generated MWh. 

Upper and lower end of the whiskers in the figure show LCOE values calculated with 30 

% higher and lower investment costs. As can be seen, revenues are mostly above the 

LCOEs which implies that according to these rough estimates, installing a wind turbine 

would be profitable.  Applying 1360 €/kW for the IC, the largest profits would be made 

at Porvoo Emäsalo with Vestas V136 3.45 MW turbine at 150 m height (17.61 €/MWh) 

and the largest losses at Sodankylä Lokka with Vestas V126 3.45 MW at 100 m height (-

14.69 €/MWh).  

𝐿𝐶𝑂𝐸 =  
𝐼𝐶

1−
1

(1+𝑖)𝑛

𝑖

×
1

(𝐶𝐹∗365∗24)
+ 𝑂&𝑀                (2) 
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Figure 14 LCOE estimates based on (Vakkilainen, Kivistö 2017) and the estimated 

capacity factors in this thesis. Upper and lower end of the whiskers represent LCOE 

values calculated with 30% higher and lower values for IC than in  (Vakkilainen, 

Kivistö 2017). Mean revenues per generated MWh are in the background colored with 

white. 
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5 Conclusion 

Wind power capacity in Finland is heavily concentrated on western coast because of 

reasons related to wind conditions, radars of The Finnish Defence Forces and zoning 

policy. Capacity has been growing and in the coming decade is expected to grow fast, 

majority of investments still being located on the western coast.  

In this thesis I compared seven different locations from the perspective of potential 

revenue from wind power generation with three different wind turbine models and at two 

hub heights. Simulated average hourly revenues were the largest at Porvoo Emäsalo on 

the southern coast, while the second and third largest were at Kokkola Tankar and Pori 

Tahkoluoto on the western coast, respectively. The lowest revenues were at Sodankylä 

Lokka in the Lapland. The order between locations was the same with every turbine 

model and hub height.  

When the means of simulated revenues per generated MWh were assessed, small 

differences between locations could be found. Although the differences were small, my 

results showed that the lowest figures were at Kemi Ajos and Kokkola Tankar. When the 

results were assessed more thoroughly, one likely reason why those places were at the 

bottom was that electricity prices were affected by generation in the region of those places 

because of relatively high amount of installed capacity there.  

However, at least at this stage, clearly the most important factor determining the 

lucrativeness of a location in terms of wind power revenue seems to be wind conditions. 

In the future, considering where the upcoming investments are located in, the amount of 

already installed wind power capacity in the region may become an important factor, too. 

That is because of the negative correlation (and causal relationship between) wind power 

generation and electricity price discussed earlier in this thesis.  
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