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Abstract 

Wind energy has been growing rapidly during recent years. This paper aims to estimate the 

impact of wind power generation on the Swedish wholesale electricity price, using monthly 

time series data over the periods 2000-2016. The error-correction model is used to measure the 

price effect by including other factors that influence the electricity supply and demand. The 

findings suggest that the impact of changes in wind power production on the wholesale price 

of electricity is negative in the short-term. When the wind power production increases by 1%, 

the wholesale electricity price decreases with 0.08%. Furthermore, the magnitude of the 

coefficient increases to 0.10% in the long-term.  

 

Keywords: wind power generation; renewable energy; the wholesale electricity price; error-
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1. Introduction 

Wind energy has attracted a large amount of attention in recent years. The global cumulative 

installed wind capacity1 has grown from 23.9 GW in 2001 to 486.8 GW in 2016 (GWEC, 2016). 

In the European Union, 153.7 GW of cumulative wind capacity was installed in 2016, and 

almost 300 TWh wind power was generated which correspond 10.4% of the demand for the 

electricity (Wind Europe, 2016). In Sweden, wind energy production has been growing rapidly, 

which has increased to 15.4 TWh in 2016 and become the third largest source in the Swedish 

electricity market (SWEA, 2016).  

The quick growth trend is mainly because wind power is an important element to reduce 

greenhouse gas emissions (IPCC, 2011). Furthermore, the fast growing in wind capacity is 

driven by the need for energy independence and the security of supply (IEA, 2012). In addition, 

as a result of technology development, the cost of wind power has declined by 80% since the 

1980s. The lower cost has made wind energy to become more competitive compared to other 

sources (IEA Wind, 2015). 

Regarding the renewable energy policies, the EU has set a target to increase the share of 

renewables in electricity consumption to 60-80% by 2050, from 17% in 2008 (EC, 2011). In 

Sweden, the agreement framework on energy policy stipulates a target of 100 percent 

renewable electricity generation in 2040 (Government Offices of Sweden, 2016). Building on 

both the EU and National objectives, wind power, as the major renewable sources in Sweden, 

will be expected to have an expanding trend in future decades.  

The agreement framework also emphasizes the aim of achieving a robust electricity market 

with electricity at competitive prices (Government Offices of Sweden, 2016). Since 

competitive electricity prices are supported by the policy makers and are welcomed by market 

agents and consumers, it is useful to understand the factors that influence the electricity price. 

There are a number of studies focus on evaluating the impact of wind power generation on the 

electricity market, in particular on the wholesale price of the electricity  (Sáenz de Miera et al., 

2008; Sensfuß et al., 2008; Jónsson et al., 2010). In general, previous studies conclude that 

there is a reduction in the wholesale electricity price due to the increase of wind power 

																																																								
1	Wind capacity is measured in megawatts (MW), which is the maximum amount of electricity can be generated 
by wind energy. Wind power production is measured in megawatt-hours (MWh), which refers to the actual amount 
of wind power generation over a period of time (Electricity production = Electricity production capacity × time). 
1 GWh = 1000 MWh; 1 TWh = 1000 GWh.	
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production, due to the merit order effect. Nevertheless, the price effect in the Swedish 

electricity market has not been investigated before. However, for several reasons, it is of 

interest to present a measurement as the wind power rapidly expand in Sweden. 

The purpose of this paper is to estimate the impact of wind power generation on the wholesale 

electricity price in the Swedish electricity market. The research questions are presented as 

below: 

(1)  How does the change in wind power generation influence the wholesale electricity price 

in the short-term?  

(2) How about the price effect in the long-term due to the introduction of wind power 

production? 

In this paper, based on the monthly time series data, the error-correction model is used to 

measure the relationship between wind power generation and the wholesale electricity price 

over the periods 2000-2016. Up to now, this is the first paper using this multivariate time series 

model approach to estimate the short-term and long-term price effects at the same time. I use 

the wholesale electricity price as the dependent variable and wind power generation as the 

major explanatory variable. Furthermore, other relevant factors that influence the supply and 

demand of electricity are included in the estimation model.  

The results suggest that the change in wind power production has a negative effect on the 

Swedish wholesale price of electricity in the short-term. A 1% increase in wind power 

production result in a 0.08% decrease on the wholesale electricity price. Moreover, this 

negative price effect tends to increase to 0.10% in the long-term.  

The paper is organized as follows. The next section reviews related theory and literature that 

the thesis is based upon. Section 3 introduces the data and empirical approach used in this paper. 

The econometric model is provided in Section 4. Section 5 presents the results and relevant 

discussions. The final section concludes the paper.  
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2. Theory and Literature review 

In this section, I will first review the literature on the impact of wind power generation on the 

wholesale price of electricity. Then the theoretical arguments will be presented to explain the 

empirical findings in previous studies. At last, I will provide an overview of the Swedish 

electricity market. 

2.1 Evidences on wind generation and electricity prices 

The studies in the literature evaluating the impact of wind generation on wholesale electricity 

price have grown steadily in recent years. These studies are mainly based on simulation models 

using real or hypothetical data, or econometric models with real past data (Würzburg et al., 

2013). Meanwhile, the effects on the electricity price due to the introduction of wind power 

generation are classified into two types: short-term price effect and long-term price effect.  

2.1.1 Short-term price effect 

The short-term price effect has been measured in various studies using simulation approaches. 

The effect is measured as the difference between the simulated electricity prices with and 

without wind power production. Sáenz de Miera et al. (2008) quantify the effect in Spain with 

average monthly data over the period January 2005 - May 2007. They suggest that adding wind 

power generation is associated with a reduction in the electricity price in each of the year. Keles 

et al. (2013), using a new combined modeling approach, also find a significant reduction in the 

electricity price caused by wind power feed-in. The study is based on hourly data in German 

electricity market from 2006 to 2009.  Green and Vasilakos (2010) select hourly data during 

the period 1993-2005 to evaluate the relationship between wind output and electricity prices in 

Great Britain in 2020, suggesting that wind power generation has a significant influence on the 

wholesale electricity price. The simulation results indicate that above-average wind output can 

lead to below-average electricity prices in both competitive and duopoly electricity markets.  

A large number of studies estimate the effect of wind power generation on wholesale electricity 

price in different countries using econometric approaches. Woo et al. (2011) use 15-minute 

data over the 41-month period of January 2007 - May 2010 in Texas. They find that a 1% 

increase in wind generation reduces the electricity prices between 0.2% and 0.9% in different 

zones of the Texas electricity market of the United States. Forrest and MacGill (2013) develop 

an autoregressive model with 30-min data in Australia from March 2009 to February 2011. 

Their finding suggests that wind power has a marked negative effect on the electricity spot 
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market price. Within the European Union (EU), Ketterer (2014) concludes that the day-ahead 

electricity price decreases with 0.1% when wind power generation increases by 1% in Germany. 

The study, using a GARCH model, covers the period January 2006 - January 2012. Mulder and 

Scholtens (2013), using daily Dutch data, report that a 1% higher wind energy is associated 

with a 0.03% reduction in the Dutch electricity price. Compared to Germany, the impact of 

wind production on the electricity prices is much smaller. It can be explained by the relatively 

low magnitude of the installed wind capacity for the Dutch market. In the case of the Nordic 

countries, Jónsson et al. (2010) measure the effect in Western Danish electricity market by 

choosing a non-parametric regression model with hourly data. Their study shows that there is 

about 40% average price difference between the low wind and large wind production situations 

over the period January 2006 – October 2007. The heavy influence is particularly due to the 

high share of wind power in Denmark, the highest in the world.  

In one recent study, Denny et al. (2016) investigate the impact of wind power production on 

wholesale electricity prices in the Irish market using hourly data for 2009. This is the first study 

to compare the results by including both a simulation and an econometric approach. The results 

indicate that there exists a difference of 1.4% of total dispatch cost between the two approaches. 

Based on similar results, the authors argue that, compared to the simulation model, the 

econometric analysis is a simpler approach for policy makers since it does not have to take 

physical constraints such as transmission restriction or reserve requirements into accounts.  

2.1.2 Long-term price effect 

Several studies point out that the negative price effect in the short run tends to decrease in the 

long-term. Green and Vasilakos (2011) report that there is no obvious difference between the 

simulated time-weighted average prices with and without additional 30 GW wind capacity in 

Great Britain, which implies the negative short-term price effect in Green and Vasilakos (2010) 

largely disappears in the long run. Gelabert et al. (2011) using an econometric approach suggest 

that 1 GWh renewable production is associated with a reduction in Spanish wholesale 

electricity prices of 3.8€ in 2005, 3.4€ in 2006, 1.7€ in 2007, 1.5€ in 2008, 1.1€ in 2009 and 

1.7€ in 2010. The result shows a decreasing trend during 2005 – 2009 in the magnitude of the 

price effect. Moreover, based on real market data and simulation approach, Milstein and Tishler 

(2011) suggest that the increase in renewable sources such as the wind power can even raise 

the average Israel electricity price in the long-term. 

 



 5 

2.1.3 Comparison and summary 

Concerning the above studies, it can be summarized that higher wind power generation usually 

leads to a reduction in wholesale electricity prices in the short-term. The price effect tends to 

decrease over time or even changes direction in the long run. However, it is difficult to 

conclude the magnitude of both short-term and long-term effects due to the heterogeneity in 

the electricity markets, the approaches in the studies, as well as the variables included in the 

models. 

Würzburg et al. (2013) try to compare the short-term outcomes of several studies at the country-

level by converting the price effects into homogeneous units. For the European countries, the 

results indicate that the price effects are dependent on the size of the market. In contrast to 

large European markets such as Germany and Spain, the large effects are found in small 

markets such as Denmark and Ireland.  

2.2 Theoretical arguments 

How can the empirical findings, as indicated above, be explained theoretically? One important 

characteristic of the electricity market is that electricity production has to be in balance with 

consumption at every moment in time. This is due to electricity cannot be plenty stored and the 

transmission capacity is restricted (Brännlund, 2016). Therefore, the wholesale electricity price 

is determined by the intersection of supply and demand of the electricity at every moment in 

time. 

2.2.1 Supply and demand model 

 

Figure 1: supply and demand curves in the wholesale electricity market 
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Assuming that the wholesale electricity market can be scribed by perfect competition, Figure 

1 illustrates the supply curve and the demand curve in the wholesale electricity market. The 

price of electricity is at the point where the supply curve and the demand curve intersect. In the 

electricity market, the supply curve is called the “merit order curve” (Morthorst et al., 2010). 

As displayed in Figure 1, this curve represents the marginal cost and the capacity of each 

generator, such as nuclear, coal and gas. Each generator is shown as a step in the merit order 

curve. It starts from the bottom and left with the lowest marginal cost generation to the top and 

right with the most expensive generation (Forrest and MacGill, 2013). 

In the illustration, the demand curve is relatively steep, which implies a very price inelastic 

demand. One reason for this inelastic demand is because electricity is a necessary good for 

consumers; it is not easily substituted. Another reason is that individual consumers have fixed 

price contracts at the retail level, which implies that the consumers are less likely to change the 

consumption even if the electricity supply changes significantly. 

2.2.2 Merit order effect – short term price effect 

           
Figure 2: Merit Order Effect 

Wind power generation generally has a low marginal cost. Figure 2 illustrates the changes 

when wind power is added to the system. As more wind generation capacity entering the market, 

the merit order curve shifts to the right. Then the expensive conventional generator is pushed 

out, which essentially results in a reduction of the electricity price. Figure 2 shows that the 
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price decreases from 𝑃# to 𝑃$. The process that a higher wind power generation is likely to 

decrease the wholesale electricity price is called the merit order effect (Denny et al., 2016). 

However, the magnitude of the effect depends on the slope of the demand curve and the amount 

of wind generation. As mentioned above, the demand curve is steep, which indicates a larger 

price effect since consumers are less sensitive to the price change. Regarding the wind 

generation amount, if the share of wind generation were large, the magnitude of the decrease 

in the wholesale price would be much larger than in the case of a small amount of wind 

generation (Sáenz de Miera et al., 2008).  

2.2.3 Explanations for long-term price effect 

Although it is difficult to illustrate the adjustment process of the long-term effect of wind power 

generation on the electricity price, several studies discuss the reasons for the decreasing trend 

of the price effect in the long run.  

First, the short-term reduction in electricity prices has a negative influence on the investment 

decisions for producers, which affect the long run electricity prices. In particular, the initial 

lower prices decrease the signal for investment. The limited supply and the price inelastic 

together result in the residual demand; then the conventional capacity may need to increase as 

the back-up for the continued growth in wind power in the later time. As more conventional 

capacity is  installed, it can be expected that the initial price reduction will decrease in the long 

run (Green and Vasilakos, 2011; Würzburg et al., 2013; Keles et al., 2013).  

Another possible explanation is related to market power. In the analysis of real electricity 

markets, it would be necessary to take market power into account since electricity markets 

possess several characteristics of imperfect competition, such as demand being inelastic and 

high entry barriers (Brännlund, 2016). Concerning adding wind power generation with 

imperfect competition, Sáenz de Miera et al. (2008) indicate that its impact on the electricity 

price would be smaller compared to the case with perfect competition. Moreover, firms with 

market power can push electricity prices up to compensate for the initial effect of additional 

wind power (Gelabert et al., 2011). 

Additionally, Sáenz de Miera et al. (2008) suggest an indirect effect of wind power generation 

on the electricity price for European countries. They argue that the substitution of wind power 

for other conventional generations in the short run is more likely to decrease the demand for 
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𝐶𝑂$ allowance in the EU ETS2. The reduction in the allowance price due to the lower demand 

has a downward effect on the electricity price. Nevertheless, with a lower 𝐶𝑂$  allowance price, 

it can be expected that the amount of expensive conventional generation trend to increase, 

which has an upward rebound effect on the price of electricity in the long-term.  

2.3 The Swedish electricity market 

2.3.1 The deregulation and Nord Pool 

The Swedish electricity system was deregulated in 1996, which brought competition by 

allowing all electricity producers access to the market (Darmani, 2015). It also allows end-

users to freely select the supplier of their electricity (Wang, 2006). The main purpose with the 

deregulation was to improve the efficiency from both the production and consumption 

perspectives. 

As part of the deregulation, the Swedish electricity market took part in the Nord Pool in 1996 

as well. Nord Pool is a leading power market in the Europe. It provides day-ahead (spot) market 

within the Nordic region (Denmark, Norway, Sweden, and Finland), Baltic region (Estonia, 

Latvia, and Lithuania) and the UK, and intraday markets within the Nordic region, Baltic 

region, as well as Germany. Currently, 380 companies trade electricity on Nord Pool (Nord 

Pool, 2016). A total of 505 TWh of electricity was traded in 2016. The hourly Nord Pool system 

price is calculated by the intersection point of supply and demand for all market members 

within an hour. Meanwhile, the Nord Pool market is divided into different areas due to the 

transmission restriction between various areas. The price of each area is at the point where the 

area’s supply and demand intersect (Jónsson et al., 2010). Until November 2011, the Swedish 

electricity market was one price area. After that, Sweden was divided into four price areas, 

which are SE1 (Luleå), SE2 (Sundsvall), SE3 (Stockholm), and SE4 (Malmö). 

 

																																																								
2 The European Union Emissions Trading Scheme (EU ETS) was established in January 2005. The main objective 
of the EU ETS is to reduce greenhouse gas emissions. It consists of the European Commission, the member state 
governments, and the industrial firms. The issues involve the “macro” commission-government negotiation 
regarding the total level of allowable emissions can be generated by each member state, and the “micro” 
government-industry decision regarding the distribution of these allowances to the firms (Ellerman and Buchner, 
2007). Besides, firms that generated more emissions that are not covered by the allocation can buy more 
allowances. After that, these allowance permits can be traded on the market. 
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2.3.2 Green certificate system 

The green certificate system was introduced in Sweden in May 2003 for stimulating the 

renewable electricity. The certificate system is linked to a target to increase renewable 

electricity production by 25 TWh until 2020 compared to 2002. In June 2016, a new target of 

another 18 TWh renewable electricity generation by 2030 was proposed in the Agreement on 

Swedish Energy Policy (Government Offices of Sweden, 2016). Certified renewable electricity 

implies that the electricity is generated from new hydropower, wind power, solar power, 

geothermal energy, wave energy, and biofuels. Other electricity generation sources such as 

fossil fuels and nuclear are accounted into the non-certified category (Fridolfsson and Tangerås, 

2013). 

Under the system, one certificate is received by the electricity producer as they generate one 

MWh of certified renewable electricity. Retail companies are obligated to undertake a part of 

the certified renewable electricity consumption; then the producers can increase revenues by 

selling the certificates to these companies (Fridolfsson and Tangerås, 2013). Such a process 

can eliminate the government subsidies and introduce competition between electricity 

producers (Wang, 2006). 

2.3.3 Electricity generation mix 

 

 

Figure 3: Electricity supply in Sweden by type of production, 2000-2016 
Source: Statistic Sweden 
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Figure 3 shows the production mix of electricity production during 2000 – 2016 in Sweden. 

The substantial share of electricity is generated by hydropower and nuclear power. They 

dominate the electricity production mix. The electricity produced by conventional thermal 

power are relatively stable, which amounted between 10 – 20 TWh over the period. The fuels 

used mainly include biofuels. Besides, there also exist the need for electricity import as 

displayed, which implies that the domestic electricity supply cannot satisfy the demand in 

Sweden. Regarding wind power, there is an increasing trend in its generation. The significant 

expansion of wind power seems to have taken off since 2010. As shown in the figure, wind 

power has become the third-largest source of electricity generation in Sweden in 2015 and 

2016. 

In 2016, the agreement on Swedish energy policy stipulates a target of 100 percent renewable 

electricity generation by 2040 (Government Offices of Sweden, 2016). However, in order to 

protect the few remaining large rivers, environmental laws constraint future investment in the 

construction of hydropower plants (Darmani, 2015). Therefore, as one of the main renewable 

electricity sources, it can be expected that wind power will expand in future decades. 
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3. Data and empirical approach 

3.1 The basic framework 

Following Brännlund (2016), a reduced-form approach is used to estimate the factors that 

influence the wholesale electricity price. Assume that the supply of electricity is approximate 

linear dependent on the wholesale electricity price 𝑃'(, the nuclear power production 𝑁', the 

rainfall 𝑅', as well as the coal price 𝑃'+. The supply function is: 

𝑄'- = 𝛼0 + 𝛼#𝑃'( + 𝛼$𝑁' + 𝛼2𝑅' + 𝛼3𝑃'+ + 𝜀'5                                                                                            （1） 

I expect that 𝛼# is positive since it is the slope of the supply curve. Then 𝛼$ is expected to be 

positive due to higher nuclear power output can shift the supply curve to the right. Rainfall is 

used as a proxy for hydropower availability. An increase in rainfall offers more water for 

hydropower generation, hence 𝛼2	is expected to be positive. Finally, coal is the energy input 

in Germany and Denmark, and these two countries both have international transmission of 

electricity with Sweden. Hence, the coal price also influences the electricity supply in Sweden. 

I expect that 𝛼3 is negative. 

Turning to the demand function, it is assumed that the demand of electricity is linear dependent 

on the wholesale electricity price 𝑃'(, economic activity 𝑌', and temperature 𝑇' as a proxy for 

climate. The demand function is: 

𝑄'9 = 𝛾0 + 𝛾#𝑃'( + 𝛾$𝑌' + 𝛾2𝑇' + 𝜀'9                                                                                                       （2） 

I expect 𝛾# to be negative since it is the slope of the demand curve. Then 𝛾$ is expected to be 

positive since higher economic activity increases the electricity demand. Furthermore, the 

temperature can capture seasonal patterns of the electricity demand. Since demand is higher in 

relative lower temperature, I expect that 𝛾2 is negative.  

As indicated above, electricity supply has to be in balance with demand at every moment in 

time, that is: 

𝑄'- = 𝑄'9                                                                                                                                                     （3） 

By substituting (1) and (2) into (3) we have 

𝛼0 + 𝛼#𝑃'( + 𝛼$𝑁' + 𝛼2𝑅' + 𝛼3𝑃'+ + 𝜀'5 = 𝛾0 + 𝛾#𝑃'( + 𝛾$𝑌' + 𝛾2𝑇' + 𝜀'9                                            (4) 
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By solving the eqution (4) for 𝑃'( we then have:	 

𝑃'( =
;<=><
>?=;?

− >A
>?=;?

𝑁' −
>B

>?=;?
𝑅' −

>C
>?=;?

𝑃'+ +
;A

>?=;?
𝑌' +

;B
>?=;?

𝑇' + 𝜀'9 − 𝜀'5                                          (5) 

which is the basic model for estimating the influence of relevant factors on the electricity price. 

Based on the expected direction of the parameters3, it can be summarized that changes in 

nuclear power production, rainfall, and temperature have negative impacts on the wholesale 

electricity price. Nevertheless, higher coal price and economic activity are expected to increase 

the electricity price.  

3.2 The data sources and descriptive statistics 

The data used in this study are monthly time series data for Sweden from 2000 to 2016, which 

consist of 204 observations. The data are collected from different sources. The wholesale price 

of electricity as the dependent variable is collected from Nord Pool. Wind power production as 

the major explanatory variable is taken from Statistics Sweden. Besides, nuclear production 

and the Industry Production Index (IPI)4 which I select as a proxy for the economic activity are 

also taken from Statistics Sweden. Temperature and rainfall are derived from Swedish 

Metrological and Hydrological Institute. Finally, coal prices are taken from The World Bank. 

In addition, electricity prices and coal prices are calculated to real prices using the Consumer 

Price Index (CPI) as the deflator. 

Table 1 Mean and Standard deviation of wholesale electricity price and explanatory variables 2000-2016 

Year Electricity 
price 

Wind 
power 

 

Nuclear 
power 

 

Rainfall Coal price 
 

IPI Temperature 

2000 118.9 
(26.8) 

36.8 
(12.9) 

4563.2 
(1654.1) 

50.1 
(35.8) 

25.9  
(1.5) 

98.4  
(10.9) 

47.2 
(11.03) 

2001 203.7 
(23.5) 

37.6 
(10.6) 

5767.5 
(923.7) 

48.2  
(30.1) 

31.2 
(2.0) 

97.9 
(9.8) 

45.6 
(14.4) 

2002 237.1 
(138.4) 

50.8 
(18.4) 

5464.5 
(949.6) 

40.1 
(34.0) 

23.9 
(2.1) 

98.1 
(9.9) 

46.6 
(15.1) 

2003 308.8 
(104.1) 

52.6 
(19.3) 

5454.8 
(1032.8) 

39.9  
(22.0) 

24.2 
(2.87) 

99.7 
(9.4) 

45.9 
(14.4) 

2004 236.5 
(19.5) 

71.0 
(17.4) 

6253.3 
(724.3) 

44.5 
(23.2) 

48.8 
(6.5) 

104.2 
(10.3) 

45.7 
(13.1) 

2005 253.4 
(29.6) 

77.6 
(27.6) 

5788.3 
(671.9) 

46.5  
(31.3) 

43.8 
(5.0) 

106.6 
(10.3) 

46.2 
(13.4) 

2006 403.4 
(87.0) 

82.3 
(37.6) 

5415.3 
(1087.2) 

45.7  
(38.2) 

44.5 
(3.1) 

110.4 
(11.3) 

47.2 
(15.4) 

																																																								
3 𝛼# > 0;	𝛼$ > 0;	𝛼2 > 0;	𝛼3 < 0;		𝛾# < 0;	𝛾$ > 0;	𝛾2 < 0. 
4  To start with, I choose GDP as a measure of economic activity. It is highly correlated with wind power 
production; the coefficient is 0.82. The result of Variance Inflator Factors (VIF) for GDP is also fairly large. It 
implies there exists multicollinearity in the model when GDP is included.  
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Table 1 Mean and Standard deviation of wholesale electricity price and explanatory variables 2000-2016 
(Continued) 
2007 247.8 

(68.8) 
119.2 
(36.9) 

5356.6  
(905.8) 

41.8  
(21.5) 

58.2 
(10.6) 

114.8 
(10.8) 

46.6 
(12.6) 

2008 420.2 
(98.8) 

166.3 
(73.4) 

5105.5 
(1017.8) 

52.8  
(36.3) 

108.8 
(26.3) 

111.4 
(10.4) 

47.3 
(11.4) 

2009 337.6 
(36.3) 

207.1 
(60.9) 

4168.6  
(1141.2) 

44.2  
(25.3) 

61.7 
(5.8) 

91.5 
(7.9) 

45.8 
(13.3) 

2010 462.1 
(151.2) 

 

289.9 
(97.3) 

 

4635.5  
(902.0) 

46.1  
(26.1) 

84.0 
(5.7) 

99.5 
(8.9) 

42.7 
(17.5) 

2011 358.1 
(97.6) 

507.2 
(165.8) 

4835.5 
(1118.2) 

39.9 
(26.3) 

 

100.5 
(5.5) 

102.0 
(8.3) 

47.2 
(14.2) 

2012 233.0 
(64.5) 

596.6 
(147.8) 

5116.1 
(708.0) 

64.9 
(39.8) 

79.0 
(9.9) 

100.8 
(7.1) 

45.0 
(13.1) 

 2013 279.4 
(27.0) 

824.3 
(311.7) 

5300.3 
(917.1) 

38.1 
(17.8) 

69.3 
(5.2) 

96.1 
(7.3) 

46.0 
(14.3) 

2014 236.1 
(23.5) 

956.3 
(322.4) 

5182.1 
(1019.2) 

51.2 
(28.3) 

57.6 
(5.0) 

94.5 
(7.3) 

47.8 
(12.4) 

2015 168.3 
(47.3) 

1384.8 
(390.7) 

4528.9  
(714.5) 

54.7 
(36.9) 

47.3 
(3.1) 

97.1 
(8.7) 

47.6 
(10.8) 

2016 225.1 
(53.4) 

1285.5 
(435.6) 

5045.2  
(948.0 

39.3  
(27.1) 

53.5 
(14.6) 

98.2 
(8.9) 

46.7 
(13.8) 

Note: Standard deviations are within parenthesis. Electricity prices are in SEK/MWh. Wind power and 
Nuclear power production are in GWh. Rainfall is in mm. Coal prices are in $/mt. IPI is based on 2010 = 
100. Temperature is in ℉.  

Table 1 presents the mean and standard deviation of the variables for every year. First, the 

average wholesale electricity price tends to increase between 2000 and 2006, then it fluctuates 

over the period 2006-2010. After 2010, the electricity price displays a downward tendency. 

Second, it shows that there is an increasing trend in the wind power production, from 36.8 

GWh in 2000 to 1285.5 GWh in 2016. However, the rapid expansion seems to take place after 

2010. Moreover, Table 1 displays the amount of nuclear power production is substantial and 

that is stable during the whole period. 

Table 2 Correlations among the wholesale electricity price and explanatory variables  

 (1) (2) (3) (4) (5) (6) (7) 

(1) Electricity price 1       
(2) Wind power -0.16 1      

(3) Nuclear power 0.009 -0.06 1     

(4) Rainfall -0.06 0.02 -0.30 1    

(5) Coal price 0.50 0.20 -0.13 0.05 1   

(6) IPI 0.15 -0.14 0.29 -0.18 0.11 1  

(7) Temperature -0.24 -0.13 -0.60 0.36 0.002 -0.33 1 

 

I measure the simple correlation among monthly electricity price and explanatory variables. 

The result is presented in Table 2. As expected, wind power production is negatively correlated 
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with the wholesale electricity price. Except for nuclear power production, all other explanatory 

variables also have the expected correlation with the wholesale electricity price. However, the 

correlation coefficient between the electricity price and nuclear power generation is 0.009 that 

is small enough to be neglected. 

 
Table 3  Augmented Dickey-Fuller test for AR(12) (𝐻0: a unit root; 𝐻#: stationarity) 

Variable  𝑿𝒕 ∆𝑿𝒕 
Wholesale electricity price −2.68 −5.43∗∗∗ 
Wind power production 2.20 −5.36∗∗∗ 
Nuclear power production −2.44 −5.60∗∗∗ 

Rainfall[\]\[^_`[_  −0.72 −8.46∗∗∗ 
Coal price −2.05 −4.59∗∗∗ 

IPI[\]\[^_`[_  −0.32 −2.70∗∗∗ 

Temperature[\]\[^_`[_  −0.07 −7.45∗∗∗ 

ADF-critical value (1%) −3.48 −3.48 
ADF-critical value for variable with 

no-constant (1%) 

−2.59 −2.59 

Note: *** denotes significance at 1% level.  
 

Moreover, since monthly time series data are used in this study, I use Augmented Dickey-

Fuller test including the 12th lag to test the stationarity of all individual variables and their fist 

difference. Rainfall, IPI and temperature are reported without the constant term. The results are 

presented in Table 3. It suggests that all the variables are nonstationary, which does not allow 

me to reject the null hypothesis of a unit root. However, when checking the results for first 

differences, the null hypothesis of unit roots can be rejected for all variables, meaning that all 

variables, first differenced, are stationary. As a result, a linear combination of all variables may 

form a co-integrated relationship.  
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4. Econometric model 

I apply the reduced-form approach derived above on the monthly data over the period 2000-

2016. To start with, I estimate the basic model (Equation 5) and report the results in Appendix 

1. Building on the results, I adjust the basic model in the following ways. First, concerning the 

purpose of the paper, wind power production 𝑊'  is included to estimate its impact on the 

wholesale electricity price. Second, rainfall in the previous period 𝑅'=#	is included since it 

could influence the current period’s electricity price. Furthermore, I transformed all variables 

to its log form5. According to the Augmented Dickey-Fuller test for all the variables, the results 

allow me using the error-correction model6 to estimate the effect of supply and demand factors 

on the wholesale electricity price. I present the long-term model as below: 

𝑙𝑛𝑃' 	= 	𝛽0 + 𝛽#𝑙𝑛𝑊' +	𝛽$𝑙𝑛𝑁' + 𝛽2𝑙𝑛𝑅' + 𝛽3𝑙𝑛𝑅'=# + 𝛽p𝑙𝑛𝑃'+ + 𝛽q𝑙𝑛𝑌' + 𝛽r𝑙𝑛𝑇' + 𝜀'          (Model 1) 

where 𝛽s	 𝑖 = 0…8  is parameters to be estimated; and 𝜀' is the error term. To interpret the 

long-term co-integrating relationship between the wholesale electricity price and all the 

explanatory variables, the error term 𝜀' needs to be stationary.  

In order to control for first-order autocorrelation 7 , Prais-Winsten estimation with robust 

standard errors is used. Then the model is estimated by generalized least squares (GLS). In 

addition, as nuclear power and wind power production are used, there may exist an endogeneity 

problem in the model. For example, due to the very price inelastic demand, higher electricity 

price that is caused by supply lacking in the short-term will easily remain. Then the higher 

electricity price also has an effect on stimulating the production of the electricity, such as 

nuclear power. Nevertheless, the estimation in the error-correction model can generate super 

consistent estimators. The misspecification of the model is dominated by the nonstationary; 

thus the endogeneity of the explanatory variables and other forms of problems in the stationary 

part of the model can be neglected (Verbeek, 2008). 

If the long-run equilibrium relationship exists, the short-run dynamic model is estimated as 

follows: 

																																																								
5 I use the PE-test to choose the better model form between linear and log-log (Mackinnon et al., 1983). The PE-
value in linear model is -3.13, which implies the linear form is rejected. Nevertheless, the double log model form 
cannot be rejected since PE = 0.86. Thus, the double log model form is preferred in this study.  
6 There may exist a linear relationship among the nonstationary variables which is stationary. If so, the error- 
correction model is comprised of a long-term linear model and a short-run dynamic model. 
7 	The Durbin-Watson test statistic for the log-log model is 0.31, which implies there is positive first-order 
autocorrelation problem.	
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∆𝑙𝑛𝑃' 	= 	 𝜃0 + 𝜃#∆𝑙𝑛𝑊' +	𝜃$∆𝑙𝑛𝑁' + 𝜃2∆𝑙𝑛𝑅' + 𝜃3∆𝑙𝑛𝑅'=# + 𝜃p∆𝑙𝑛𝑃'+ + 𝜃q∆𝑙𝑛𝑌' + 𝜃r∆𝑙𝑛𝑇' +

𝜇𝜀'=# + 𝜗'                                                                                                                                        (Model 2) 

which measure the change in the electricity price and how it depends on the current change in 

supply and demand factors and a correction of short-run changes from the long-run relationship. 

𝜇 is the error correction parameter. If 𝜀'=#	is positive, which means that the estimated 𝑙𝑛𝑃'=# 

is higher than the long-term equilibrium value, then 𝜇 should be negative because a positive 

deviation from the long-term value will lead to a negative adjustment in 𝑙𝑛𝑃'=#. 𝜃s	 𝑖 = 0…8  

is the dynamic parameters to be estimated; 𝜗' is the short-run error term. 
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5. Results 

5.1 The long-term effects 

Table 4 presents the results of Model 1. First, according to the Dickey-Fuller test, the error 

term of the long-term static model is stationary. Consequently, the wholesale electricity price 

and all other supply and demand factors are co-integrated; the results in Model 1 can be 

interpreted as a long-term equilibrium relationship. Second, the result of the Durbin-Watson 

test shows that the first-order autocorrelation is avoided in the model. Moreover, building on 

the functional form, all coefficients can be explained as elasticities. 

Table 4 Results of explanatory variables on the wholesale electricity price in the long-term 

Variable Coefficient Standard errors (Robust) 

Wind power −0.10*** 0.037 

Nuclear power −0.26*** 0.093 

Rainfall −0.01 
 

0.015 
 Previous rainfall −0.03** 

 
0.015 

 Coal price 0.52*** 
 

0.158 

IPI 0.30* 0.159 
 
 Temperature −0.45*** 

 
0.078 

 Constant 
 

6.69*** 
 

1.615 
 Dickey-Fuller test for 𝜀' −0.150*** 0.036 

ρ 0.85  

𝑅$ 46.0 

Durbin-Watson test 1.83 

Number of observations 203 

Note: ***, **, and * denotes significance at the 1%-, 5%- and 10%- level, respectively.  

The results indicate that wind power production has a negative effect on the wholesale 

electricity price. In the long-term, if wind power production increase by 1%, the electricity 

price will decrease with approximately 0.10% over the period 2000-2016. The negative price 

effect is statistically significant at the 1 percent level.  

Regarding the other supply factors, all variables have the expected influence on the wholesale 

electricity price. Nuclear power production as one major electricity supply in Sweden has a 

negative and statistically significant relationship with the electricity price. A 1% increase in 

nuclear power generation is associated with a reduction of 0.26% in the price of electricity. 

This is expected as an increase in nuclear power production leads to pushing other expensive 

conventional generation out of the market, causing the price to decrease. Rainfall in the 
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previous period has a relatively larger and significant effect on the electricity price than in the 

current period. Furthermore, the results show that coal price has a positive statistically 

significant impact on the electricity price.  

Concerning the demand side factors, higher production (IPI) is associated with an increase in 

the wholesale electricity price; the effect is significant at the 10% level. Furthermore, the 

temperature that captures the seasonality has a negative and statistically significant influence 

on the wholesale electricity price. It can be explained that in winter time, the price of electricity 

will increase as the demand increasing.  

5.2 The short-term effects 

Table 5 Results of explanatory variables on the wholesale electricity price in the short-term 

Variable Coefficient Standard errors (Robust) 

∆Wind power −0.08** 0.040 

∆Nuclear power −0.26*** 0.084 

∆Rainfall −0.01 
 

0.013 
 ∆Previous rainfall −0.03** 

 
0.015 

 ∆Coal price 0.37** 
 
 

0.178 

∆IPI 0.30** 0.144 
 ∆Temperature −0.49*** 

 
	0.072 

𝜀'=# −0.18*** 
 

0.054 

Constant 
 

0.007 
 

0.013 

𝜌	 0.09 

𝑅$ 35.1 

Durbin-Watson test 1.99 

Number of observations 202 

Note: ***, **, and * denotes significance at the 1%-, 5%- and 10%- level, respectively.  

The short-term dynamic effects are presented in Table 5. The error correction parameter of  

𝜀'=# is negative and statistically significant at the 1 percent level, which supports that the short-

term deviation has an adjustment towards the long-term equilibrium value and that there is the 

co-integrating relationship between the wholesale electricity price and all other explanatory 

variables. Furthermore, the result of the Durbin-Watson test shows that there is no first-order 

autocorrelation in the residuals. 

The results suggest that changes in wind power production between the previous and the 

current periods also has a negative effect on the change of the wholesale price of electricity. 
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With a current rising in wind power production by 1%, the electricity price will decrease with 

0.08%. The short-term price effect is statistically significant at the 5 percent level.  

In the short-term, all other supply and demand factors have the expected influence on the 

market price of electricity. Concerning the supply side factors, the change in nuclear power 

production also has a strong negative and significant effect on the wholesale electricity price. 

When nuclear power increases by 1%, the electricity price will decrease with 0.26%. The 

increase in rainfall in both current and previous periods are associated with a negative price 

adjustment, and the influence of the previous period rainfall is significant at the 5 percent level. 

Besides, the change in coal price is shown to have a substantial positive and significant impact 

on the electricity price.  

Regarding demand side factors, a 1% increase in production (IPI) leads to a 0.30% increase in 

the electricity price, and the positive influence is statistically significant. In addition, there is 

also a negative and significant relationship between changes in temperature and the electricity 

price. The change in the temperature appears to has a large effect on the change of the 

electricity price since the elasticity is -0.49 in the short-term. 

5.3 Summary and discussions 

In sum, the results suggest that wind power production has a negative and significant impact 

on the wholesale price of electricity both in the long-term and the short-term. Additionally, 

other supply and demand factors also have the expected and important impact on the wholesale 

electricity price.  

Specifically, the results in Model 2 indicate that the change in wind power generation has a 

negative and significant impact on the change of the wholesale electricity price in the short-

term. The finding confirms the merit order effect that wind power generation can decrease the 

amount of expensive conventional generation as the supply curve shifting to the right, thus 

resulting in a reduction of the wholesale electricity price in the short-term. This finding of the 

negative price effect is also in line with most of the previous literature (Jónsson et al., 2010; 

Woo et al., 2011; Ketterer, 2014). 

In addition, several studies measuring the short-term effect suggest that the price effect based 

on the wind power generation remain the same level when the frequency of data is changed, 

such as weekly data remaining the same level as daily data (Gelabert et al., 2011; Würzburg et 
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al., 2013). Thus, it seems I can compare the magnitude of the short-term finding in this study 

of Sweden with the results from other countries.  

As a 1% increase in wind power in Sweden resulting in a 0.08% decrease in the wholesale 

electricity price, I found that the price effect is relatively less than Ketterer's (2014) study, 

which suggests that the elasticity is -0.1 for Germany. Concerning the larger size of the Swedish 

market than the German market8, the finding supports the suggestion in Würzburg et al. (2013); 

they argue that the price effect may be negative dependent on the market size for the European 

countries. Furthermore, when considering for differences in the market size, the price effect in 

Sweden is expected to be less than that in small markets such as Denmark and Ireland. 

Nevertheless, Würzburg et al. (2013) point out that similar price effects across countries do not 

imply that they are caused by the same reason. It needs to be clear that the time periods used 

in these studies vary as well. 

Assuming that all other supply and demand factors keep constant, the negative coefficient for 

wind power in the long-term also indicates that the wholesale electricity price will decrease 

when wind power is generated permanently. Compared to the elasticity -0.08 in the short 

dynamic term, the result suggests that a 1% increase in the wind power generation can cause 

the wholesale electricity price to reduce approximately 0.10% in the long-term. Therefore, the 

price effect due to the increase in wind power generation tends to be relatively small in the 

short-term and relatively large in the long-term.  

The long-term price effect in this study of Sweden indicates a deviation from Gelabert et al. 

(2011), whose study argues that the magnitude of the short-term price effect tends to decrease 

in the long-term in Spain. The finding for Sweden is also contrasted with Green and Vasilakos’s 

(2011) study in Great Britain, which indicates that the negative price effect disappears in the 

long-run.  

Nevertheless, concerning the heterogeneity in electricity generation mix, it is reasonable to 

expect that there exist inconsistent price effects in the long-term across these country’s markets. 

The result can be explained by the fact that a large share of electricity (about 80 percent) is 

generated by hydropower and nuclear power in Sweden. As previously mentioned, the lower 

electricity price due to wind power has an impact on discouraging producers’ investment. 

However, compared to Spain and Great Britain, the residual demand that is caused by the 

																																																								
8 The area size of Sweden and Germany are 447,435𝑘𝑚$ and 357,376𝑘𝑚$, respectively.  
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limited supply may require less expensive conventional capacity as the back-up in Sweden. 

Besides, with minimal conventional generations such as coal and gas, the indirect effect of 

wind power generation on the demand of 𝐶𝑂$ allowance in the EU ETS will also be less in 

Sweden than in other Central or South European countries. Thus, the characteristic of the 

electricity generation mix may play a role in explaining why there is no decreasing trend in the 

initial negative price effect in the Swedish electricity market. 

In addition, as indicated before, market power is another factor that influences the long-term 

price effect. Although market power does exist in the Nordic electricity market, there is no 

significant evidence that the producers with imperfect competition push up the electricity price 

(Brännlund, 1996). Then concerning the deregulation of the Swedish electricity system in 1996, 

the higher magnitude of the long-term price effect in Sweden is probably due to the Swedish 

market is more competitive than the Spanish and British electricity markets.  

The characteristic of the electricity generation mix and market power are just possible 

explanations for the inconsistent long-term price effect in different countries. It requires 

emphasizing again that there also exists heterogeneity in the approaches and the time periods 

used in the studies for these countries.  
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6. Conclusions 

Wind power as one of major renewable energy sources has been shown rapidly growing in 

recent years. There are various studies in evaluating the impact of wind power generation on 

the electricity market, especially on the wholesale price of the electricity. Würzburg et al. (2013) 

provide a comprehensive overview of the previous literature in this field across countries and 

summarize that higher wind power generation leads to a reduction in the wholesale electricity 

prices in the short run.  

This paper focuses on estimating the impact of wind power generation on the Swedish 

wholesale electricity price, based on monthly time series data over the periods 2000-2016. The 

error-correction model is used to measure the price effect by including other supply and 

demand factors. The results show that, in Sweden, the change in wind power production has a 

negative effect on the wholesale price of electricity in the short-term. A 1% increase in wind 

power production between the previous and the current periods is associated with a 0.08% 

reduction in the wholesale electricity price. Moreover, the negative price effect increases to 

0.10% in the long-term.  

The green certificate system is the renewable support scheme in Sweden, which plays a key 

role in promoting wind power generation. From the policy perspective, the estimation of the 

impact of wind power generation on the electricity price is essential to evaluate the 

performance of the renewable support scheme. The finding of the negative price effect for 

Sweden in this study is in line with the theory of merit order effect. It can be concluded that 

the renewable support scheme on stimulating wind power production has shown the efficient 

performance through the influence on the wholesale electricity price.  

The agreement framework set the targets of increasing another 18 TWh renewable electricity 

generation by 2030 and 100 percent renewable electricity generation by 2040 (Government 

Offices of Sweden, 2016). Based on the findings of this study, as long as getting balanced 

between the fast growing in wind power production and other sources of electricity generation, 

it can be expected that the aims of reducing greenhouse gas emissions and keeping electricity 

price at the competitive level can be achieved simultaneously.  

The limitations of this study are mainly reflected in the dataset. First, the supply factors such 

as the value of temperature and rainfall were chosen from Stockholm as the proxy for whole 

Sweden. Second, due to the data availability, monthly data used in this study that limits the 
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number of observations, and thus it restricts the possibility of the deep analysis to check 

whether the price effect changes over time.  

In future studies, I will try to overcome the data problem by using hourly or daily wind power 

data to measure its effect on the price of electricity. Moreover, the relevant factors that may 

have an influence on the change of the price effect can be taken into account, such as including 

the data about the measure of market power and the remaining conventional generations. 

Finally, the impact of wind power generation on the volatility of electricity price can be 

investigated as an extension in this study. 
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Appendix 

Appendix 1 Results of basic supply and demand factors on the wholesale electricity price 

Variable Coefficient Standard errors  

Nuclear power −0.184 0.009∗∗ 
 Rainfall −0.036 

 
0.277 
 Coal price 2.278 

 
 

0.240∗∗∗ 
 IPI 0.325 0.754 
 Temperature −3.197 

 
0.762∗∗∗ 
 Constant 

 
381.5 
 

107.78∗∗∗ 
 
(0.012) Dickey-Fuller test for 𝜀' −0.188 0.041∗∗∗ 
 𝑅$ 38.4 

Number of observations 204 

 

 

 

 

 

 

	


