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Abstract – The study looks for a correlation between the share of wind power and electricity 

wholesale prices in the selected regions of the Nordic Baltic power market “Nord Pool Spot”. 

The aim is to see if and how strong an impact of wind power production has on power market 

prices. This information would help to perform long-term energy system analysis considering 

growing wind energy penetration. The actual hourly wind production and power 

consumption data as well as electricity prices from the year 2019 were used in the analysis. 

Results of the study revealed that in the analysed dataset there is no correlation between the 

share of wind power and the power prices, i.e. R-squared value is 0.003 for the Baltic region 

and 0.0064 for both trading areas of Denmark. In contrast, the R-squared value was almost 

0.6 for a positive correlation between power demand and prices. The results mean that 

expected loss of interest to invest due to falling power prices, as a share of renewable power 

increases, should be examined more carefully and may not fulfil forecasts of policy makers 

and industry experts. 
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1. INTRODUCTION  

Renewable energy sources, especially wind and solar energy, are becoming an increasingly 

important energy supply source both in European countries and other world regions. In line 

with the statistics from such sources as Nordic power exchange “Nord Pool Spot”, already 

now the share of wind power can be seen as high, i.e. 30 % (see Fig. 1). Thus, at certain 

periods wind energy becomes the second largest source of power in the Nordic and Baltic 

region for prolonged periods of time, and at certain moments even the largest source of power 

for the region. Meanwhile, in certain countries, e.g. Denmark, the production volume of wind 

power can easily surpass the overall power consumption of the country. Due to the fact that 

wind and solar power plants require no fuel, and their operation does not produce greenhouse 

gas emissions, and their technological competitiveness is increasing, a great number of policy 

makers view wind and solar energy among the most perspective future energy sources. 

Absence of significant short-run marginal costs, in comparison with fuel and labour costs of 

many conventional power production technologies, have led to significant discussions within 

the power industry about the impact of these energy sources on wholesale electricity prices. 

Overall consensus exists that, all in all, wind and solar energy are likely to apply downward 

pressure on power prices. However, it is important to keep in mind, that without other market 

mechanisms or subsidies a decline of prices in the power market, in which the marginal costs 
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as well as demand and supply are the main price setting factors, it can become challenging to 

maintain sustainable prices which would support future investments in power production.  

Namely, a decreased level of power prices during high-wind periods may jeopardize 

incentives for additional investments in renewable energy production sources [1], [2]. Thus, 

forecasting of future power price development in relation to increased penetration of wind 

and solar energy becomes an increasingly important task for both policy makers and investors.  

 

 

 

Fig. 1. Balance by production sources of the Nordic and Baltic power system on February 22, 2020.  

Source: www.stattnet.no; www.ast.lv; Nord Pool Spot. 

The topicality and scientific importance of this study is substantiated by the fact that most 

European Union countries, including Latvia, have adopted increasing renewable energy 

production and their proportion in the overall energy balance in the next decades as one of 

their political priorities. Also several industry organisations predict increased usage of wind 

and solar energy as the inevitable direction towards which the energy industry should develop 

[3]–[5].  However, the existing research and forecasts do not provide a clear answer about the 

economic impact of such development trends and policies to support  wind and solar energy 

[6]. While several earlier publications and studies show that generally, with an increased 

penetration of wind energy in power markets, wholesale electricity prices decline, there are 

several considerations why the results and conclusions of these studies may require re -

evaluation. First of all, many of these results clearly point at significant differences in the 

correlation between wind production and prices in various power markets. Also,  many of the 

results have been obtained from analysis of periods when the proportion of wind energy in 

particular energy systems was lower than it is nowadays [7]–[9].  

It is also important to note that some of the publications and analysis [10], [11] were mostly 

based on daily or monthly statistics, while the actual data from “Nord Pool Sport” exchange 

clearly reveals that price and production fluctuation is far more significant on an hourly basis. 
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Daily or monthly average prices most likely do not always correctly reflect the actual 

economic performance of wind energy producers and impact of wind power production on 

wholesale electricity prices. Statistics, which reflect the price dynamics on an hourly basis 

and the respective income of wind energy producers, is, in our opinion, more suitable to 

measure the economic performance of producers and their impact on the market in general.  

Intensive research work on the effect of wind energy production on the behaviour of power 

markets has been carried out by several researchers for more than a decade, and several 

publications imply that increase of wind energy production and subsequent growth in the 

proportion of wind energy in the overall energy balance should result in a gradual decline of  

wholesale power prices [10], [12], [2], [13].  A research carried out in Sweden for the period 

from the year 2000 to 2016 confirmed that, with the increase of wind energy production by 

1 %, the wholesale electricity price decreased by approximately 0.08 %, and over a longer 

period this value may increase to approximately 0.1 % [14].  

However, the methodology used in this research, cannot be fully applied to the existing 

power market situation or forecasting, because the proportion of wind energy in the analysed 

region has already significantly increased and, possibly, analyses no longer accurately 

characterize the current situation. Moreover, the study is based on monthly data, which, in 

line with the actual observations of price fluctuations on an hourly or daily basis, do not 

always fully reflect the full magnitude of wind energy production and price volatility, as well 

as proportion of wind energy in power balance.  

While there are a notable number of publications analysing the impact of increase in wind 

energy production and installed capacity of wind power plants on the wholesale electricity 

market, in many cases researchers have focused their analysis on the issues, which possibly 

limit their applicability in the long-term energy system modelling. For example, a study on 

integration of wind power in energy systems [11] focuses on identifying the most cost-

effective solutions of flexibility by analysing and comparing costs (i.e. capita l costs, fuel, 

carbon-dioxide and labour costs) on a yearly basis.  The researchers in their publication, 

however, acknowledge, that in general, increase of the proportion of the wind power in energy 

systems has a positive impact on costs for end-consumer. At the same time, this development 

jeopardizes investment sustainability for the wind energy industry.  

Meanwhile, studies about the impact of wind energy on power market prices in relation 

with availability of cross-border capacities in Denmark and Ireland suggest that high wind 

power production in a combination with good availability of cross-border capacities facilitate 

reduction of power prices and convergence of prices among different regions [15]–[17]. 

However, these results also show that, from the point of view of the wind power production 

industry, a reduction of power prices in the wholesale market cannot always be seen as a 

desirable market development trend. The study does not provide sufficient data to assess a 

correlation between wind power production and prices in markets with a very high degree of 

economic and technical integration with neighbouring areas, as the Baltic countries, 

Denmark, Norway, Sweden and Germany. At the same time, a number of authors 

acknowledge that in the case if forecasts about the impact of wind and solar energy on power 

prices will fulfil, industry experts will have to consider introduction of new market 

mechanisms to maintain economic sustainability for power producers in the longer term, e.g., 

with the help of capacity payments [18], [1], [19]. 

The aim of this paper is to investigate and analyse the actual correlation between wind 

electricity production and its proportion in the actual power demand with the wholesale prices 

of power in Baltic countries and selected Nordic countries in the year 2019. The obtained 

correlation data can be used for preparation of further methodological approaches in 
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modelling of energy systems, especially in long-term modelling with periods of 20 years or 

more. The additional potential aim of this study is to identify whether the existing functioning 

principles of such markets as “Nord Pool Spot” are sufficiently adaptable to accommodate an 

increasingly large proportion of non-dispatchable energy sources without jeopardizing 

incentives for additional investments in renewable energy production sources. 

2. METHODS 

The study is based on analysis of the actual data of 2019, including the hourly prices of the 

“Nord Pool Spot” energy exchange for specific countries, physical production of wind energy 

in each specific hour and share of the wind produced electricity in the overall power 

consumption for the specific hour. The data were processed with “Microsoft Excel”, to find 

out whether there is a significant correlation between wind production and power prices, i.e. 

higher prices at lower share of wind production and vice versa. Due to the availability of 

hourly data on specific countries from “Nord Pool Spot” exchange and national grid 

operators, the analysis was carried out for two regions – Denmark, consisting of two trading 

areas, as well as for the Baltic region, consisting of Latvian, Lithuanian and Estonian trading 

areas. The hourly price for each region was calculated as the average price of the area-specific 

prices, while the production of wind power for each region was calculated as a sum of wind 

energy production in the respective areas. A proportion of wind power in the electricity 

balance was calculated as percentage of wind power production in respective areas from the 

aggregated power demand in those areas. Additionally, to compare the possible correlation 

differences between prices of the hourly and daily market and respective production, an 

analysis for a wider region, including Denmark, Finland and the Baltic countries, was carried 

out. In this case, the wind energy production volume consisted of the sum of wind energy 

production in all countries, while the daily price was the daily average system price of the 

Nord Pool Spot exchange, which also includes the trading areas of Norway and Sweden. The 

statistics of wind production of Sweden and Norway were omitted from the analysis due to 

the fact that the daily or hourly data from these countries were not available. However, data 

from both the “Nord Pool Spot” exchange and the Norwegian grid operator “Statnett” show 

that the Nordic and Baltic region is highly homogenous from the point of view of wind power 

production. In the daily perspective, high wind power production volume in one of the 

countries indicates high or moderately high wind power production volumes across all “Nord 

Pool Spot” areas. It must be noted, that due to the “Nord Pool Spot” market functioning 

principles, one can safely assume that all wind power production that is technically available 

and deliverable to the grid, is always fully sold in the wholesale market. It is related to the 

fact that power producers in the wholesale market in the Nordic countries typically compete 

with marginal production costs, such as fuel costs and variable labour costs. Therefore, non-

dispatchable production sources with nearly zero or very low marginal costs may participate 

in the market with atypically low or even negative prices (especially if the power producer 

additionally to the income from the sales of energy also receives subsidies). Thus, in line with 

the actual statistics of the “Nord Pool Spot” market, availability of wind production typically 

signals a high supply of power. 

Additionally, an analysis of two shorter time periods for the areas of the Baltic countries, 

Denmark and Finland was carried out to compare wholesale prices in the situation, when the 

only significant variable parameter is wind power production, while other important factors, 

such as power demand, availability of hydro resources, which is characterized by storages in 

Finland, Norway and Sweden, as well as the ambient air temperature, were similar.  
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3. RESULTS AND DISCUSSION 

Initial comparison of statistical data obtained from the Nord Pool Spot exchange suggests, 

that for a short-term period of one week, there is a noticeable correlation between the wind 

energy production and prices. For the analysis, two 7-day periods in the year 2019 from 

November 1 to November 7, and from December 3 to December 9 were selected for 

comparison due to the following considerations: total consumption of power, number of 

working days, ambient air temperature as well as number of limitations related to availability 

of production facilities were mostly similar for both periods, and availability of hydro reserve 

(characterized by the fact that in both periods it exceeded the long-term median value for 

respective week of the year) during respective analysis period was high. Meanwhile, 

according to calculations, the difference of wind power production between scenarios 

exceeded 100 %. Thus, the only significant variable parameter for both analyses periods was 

wind power production. The calculation affirmed that the price difference between scenarios 

was around 13 %, which could be viewed as significant. However, it does suggest, that in 

longer analysis periods, wind power has a far less impact on fluctuations of the power prices 

than in shorter periods, which occasionally experienced price differences up to 100 % during 

24-hour periods in one specific day, and consistent differences up to 25 % during 24-hour 

periods. 

TABLE 1. COMPARISON OF HIGH AND MODERATE WIND SCENARIOS IN NORDIC COUNTRIES 

(DATA SOURCE: NORD POOL SPOT) 

  

Hydro 
storage 

volume 

in Nordic 
countries, 
MWh 

Wind 

production in 
Baltic countries, 

Finland and 
Denmark, MWh 

Average 

market 

price, 
EUR/MWh 

Consumption, 
MWh 

Share of wind 

production in 

Nordic-Baltic 
consumption, %  

Change in 

share of wind 
production in 

consumption, 
% 

Moderate 

wind 
scenario 

98 335 335 411 42.28 9 013 040 0.037 

– 

High wind 

scenario 
85 178 792 066 37.45 9 093 105 0.087 

134 % 

 

Analysis of the yearly data confirms, that despite strong short-term fluctuations related with 

the changes in the wind power production, there is no correlation between power prices and 

wind power production in the longer period (Fig. 2). Nord Pool Sport markets responded to 

the very high volumes of wind power produced (in MWh) with relatively moderate price 

fluctuations, and no significant effect also can be observed for periods with very low wind 

energy penetration. Meanwhile, the majority of cases when the wholesale power price 

significantly exceeded or were below the average level, were recorded during periods when 

wind power production was average, from 40 000 MWh to 100 000 MWh per day for the 

region of Finland, Denmark and the Baltic countries. Similar results were observed for hourly 

analysis in the Baltic region and in Denmark (see Fig. 2 and Fig. 3).  
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Fig. 2. Correlation between wind power production and power market price on hourly basis in Baltic region during 2019 

(Data source: Nord Pool Spot). 

While data suggests that the correlation between wind power production and price is higher 

in Denmark than in Baltic countries (Fig. 2, Fig. 3), for both regions the correlation is very 

low – 0.003 and 0.0064 respectively. It must be also noted that analysis displayed very 

significant and widely scattered deviations from the overall trend – the highest market prices 

were recorded both in periods with high wind power supply and with low wind power supply, 

while the lower market prices in their turn – also both in periods with high wind power supply 

and low wind power supply. 

Identical observations can be made for correlation between the hourly power prices and the 

share of wind power in the total final power consumption both in Denmark and in the Baltic 

countries (Fig. 4, Fig. 5). In both cases the correlation was higher than in the case when only 

wind power production in MWh was considered (and not the share), but it is still very low, 

i.e. 0.0232 for Baltic countries and 0.0238 for Denmark. It must be also noted that, similarly 

to the correlation between nominal wind power supply and prices, analysis of wind power 

proportion in overall demand, also displayed very significant and widely scattered deviations 

from the overall trend. Namely, the highest market prices were recorded both in periods with 

high proportion of wind power in the system demand, and with low proportion of wind power 

in the demand, while the lower market prices in their turn – also both in periods with high 

wind power proportion in the demand and low wind power proportion in the system demand.  
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Fig. 3. Correlation between wind power production and power market price on hourly basis in Denmark during 2019 (Data 

source: Nord Pool Spot). 

 

Fig. 4. Correlation between average power market price and share of wind power in the total consumption (demand) in 

Baltic countries during 2019 (Data source: Nord Pool Spot). 
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Fig. 5. Correlation between wind power share in total consumption (demand) and power market price on hourly basis in 

Denmark during 2019 (Data source: Nord Pool Spot). 

Furthermore, analysis performed on the daily power consumption data, showed that the 

power wholesale prices has a far stronger positive correlation with electricity consumption 

(Fig. 6), and there were very few deviations from the overall trend – the highest market prices 

were reached only in periods with a relatively high power demand, while the lower market 

prices – only in periods with the low power demand. 

 

Fig. 6. Correlation between power market price and daily power consumption during 2019 (Data source: Nord Pool Spot, 

2020). 
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In order to measure an economic effect of the power market price fluctuations caused by 

intermittent wind power production on the economic performance of wind power producers 

in Denmark in 2019, the weighted average price per MWh of wind energy sold in “Nord Pool 

Spot” was calculated and compared with the weighted average trading price. The weigh ted 

market price was obtained as the yearly sum of hourly income of power producers (sold 

volume at the price for specific hour) divided by the total power so ld:  

𝑝𝑇𝑃 =
∑ (𝑝𝑖𝐸𝑖

𝑇𝑃)8760
𝑖=1

∑ 𝐸𝑖
𝑇𝑃8760

𝑖=1

, 

where  

pTP  weighted average price of total power sold on electricity market, EUR/MWh; 

pi  hourly power market price, EUR/MWh; 

𝐸𝑖
𝑇𝑃  total power sold at a given hour, MWh. 

The weighted average sales price of wind energy producers was obtained as the yearly sum 

of hourly income of wind power producers (sold volume at the price for specific hour) divided 

by the total wind power sold:  

𝑝𝑊𝑃 =
∑ (𝑝𝑖𝐸𝑖

𝑊𝑃)8760
𝑖=1

∑ 𝐸𝑖
𝑊𝑃8760

𝑖=1

, 

where  

pWP  weighted average price of wind power sold on electricity market, EUR/MWh; 

pi  hourly power market price, EUR/MWh; 

𝐸𝑖
𝑊𝑃  wind power sold at a given hour, MWh. 

The calculations reveal that in 2019 wind energy producers sold wind power at a price of 

44.27 EUR per MWh while the weighted average market price was 43.96 EUR per MWh. 

Thus, the price difference is approximately 0.7 %, and suggests that income of wind energy 

producers is only insignificantly affected by price reduction during high-wind periods.  

4. CONCLUSIONS 

Despite the fact that analysis of market data did reveal a trend indicating decrease of power 

market prices with increased share of wind power production, the correlation analysis showed 

no correlation between these variables, and the R-squared value was only 0.0064 for 

Denmark, which is the country with the highest penetration of wind power in the Nordic -

Baltic region, and even lower (0.003) for the Baltic countries.  

Therefore, it was not possible to obtain any functional relationship between increase of the 

share of wind power and resulting decrease of power market price which could be used in the 

future modelling of energy systems. However, these observations also indicated, that the 

impact of intermittent renewable energy sources such as wind power on the power market 

prices in the longer term is possibly overestimated and may not be substantial even for a 

market such as Nord Pool Spot, in which the proportion of wind energy can be as high as 

30%. It can be assumed that, in general, high availability of wind power leads to a decrease 

in overall power market prices. However, there are currently no evident signals to prove the 

assumption that high supply of wind energy provokes somewhat different market reaction 

from situation when there is a high availability of any other production sources, including 

hydro energy or combined heat and power plant capacities. It means that the “self-

cannibalization effect” of renewable energy suppliers may not have as big of an impact on 
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the overall business environment of future investors of renewable energy, as shorter -term 

power market price fluctuations may suggest. At least, this question calls for more studies in 

the future, based on the actual power market data.  
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