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Abstract  

The objective of this thesis is to estimate the effect of an increasing wind power sector in 

Sweden on the electricity wholesale price volatility. Previous studies on other energy 

markets have found a positive correlation but the Swedish market is interesting due to its 

large hydropower capacity. In this study, hourly data from the Swedish energy market 

between the period 2016-2017 was collected. A GARCH model was used to estimate how 

the amount of electricity generated by wind power affects both the level and volatility of 

the electricity wholesale price. In accordance with previous studies and expected 

outcomes, wind generation is proven to be negatively correlated with the electricity price 

level. That is, a merit order effect is found in the context of the Swedish energy market. 

Other studies have found a positive relationship between wind generation and price 

volatility, but this study fails to yield a significant result. This means that in the Swedish 

case, an expanding wind power sector does not affect the electricity price volatility to 

date.  

Keywords: Wind Power, Electricity Price Volatility, The Merit Order Effect.  
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1. Introduction and Background 

Our strive to protect the environment and manage scarce natural resources is something 

that affects the technological development in many sectors. Electricity generating 

processes from intermittent sources, such as wind, that are regarded as environmentally 

friendly are subsidised1 by governments all over the world and this have a significant 

effect on the composition of the energy supply sector. This study aims to estimate how 

an increase in the wind power sector affects the electricity wholesale price volatility in 

Sweden.  

To increase the share of electricity generated from renewable resources is important due 

to many factors. One being the finite level of non-renewable resources such as crude oil, 

coal and natural gas, another that generating electricity using these resources creates 

external effects which impact our environment negatively. The burning of fossil fuels, as 

the ones mentioned, causes emissions of CO2 and other greenhouse gases which 

precipitate global warming. A larger share of electricity production generated by 

renewable resources, i.e. hydropower, wind power and solar power, is proven to have a 

mitigating effect on CO2 emissions (Kaushik, et al. 2011), which is the substance with 

the largest impact on global warming. Considering these facts, a rational objective is to 

steer the electricity production away from fossil fuels and towards renewable resources, 

such as wind power. 

Besides the environmental argument to steer electricity production towards renewables, 

there is also an economic reason for such a shift. Wind power is a relatively less expensive 

way to generate electricity than e.g. by burning fossil fuels, even when disregarding 

subsidies (Brännlund, 2017). Unfortunately, there is a negative aspect regarding wind 

power, namely the uncertainty of weather conditions. Even if the wind turbines are 

optimizing the generation flows by correcting their faced direction against the wind and 

adjusting the angle of the blades for an optimal transition to kinetic energy, some days 

the wind just is not strong enough. This could potentially create problems in terms of an 

intermittent amount of electricity generation, hence, an uncertainty that could cause 

jumps in the electricity price. 

                                                           
1 By policy-schemes such as e.g. feed-in tariffs and green certificates. 
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The objective of this thesis is to estimate the effect of an increasing wind power sector in 

Sweden on the electricity wholesale price volatility. Previous studies on other energy 

markets have found a positive correlation (e.g. Moore et al., 2011 and Ketterer, 2014), 

but the Swedish market is interesting due to its large hydropower capacity. It could invoke 

different results than on other markets and whether or not that is the case is what this 

study will test empirically. A second question that the thesis aims to answer is whether or 

not a merit order effect2 is observed in the context of the Swedish energy market. Thus, 

the research questions are: 

o Do an increasing share of electricity generated from wind power cause a more 

volatile wholesale price on electricity in Sweden? 

o Is there a merit order effect due to the expansion of the wind power generating 

sector in Sweden? 

To answer these questions, a generalized autoregressive conditional heteroskedasticity 

(GARCH) model will be used. The electricity price level and volatility are assumed to 

depend on the amount of electricity generated from wind power, a demand and the current 

level of hydropower reservoir. Evidence of a merit order effect on the Swedish electricity 

market is found. However, the result yields no significant correlation between electricity 

generated by wind power and the volatility of the electricity price. 

The thesis is organized as follows: after this introduction, a brief background on the 

Swedish electricity market in its context are presented. In Section 2, a Theoretical 

Framework will formulate the economic theory of what effect wind power should have 

on the electricity price, both in terms of level and volatility. Also, some relevant previous 

studies are presented in this section. Section 3; Method, contains an explanation of the 

included variables, as well as both statistical and graphical visualization. That section also 

includes a description of the statistical model used to answer the research questions. 

Section 4; Results, state the findings and are then followed by Section 5; Discussion, 

where a more deeper analysis of the results are presented. Section 6 states the final 

conclusions and give some proposals for future research. Sections 7 and 8 provides a 

reference list and appendix respectively. 

                                                           
2 The electricity wholesale price is predicted to decrease when the share of electricity production from 
renewable energy increases, due to the merit order effect 
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1.1 Background 

The electricity market is in almost every way as any other market, but it differs in some 

aspects. The most crucial distinction is that the market has to be in equilibrium at every 

point in time (Brännlund, 2017). If there is a certain demand for electricity and the supply 

side does not produce enough, there will be an electrical outage. Since there is no cost-

efficient way to store electricity3, the supply cannot exceed the demand either. This 

exceptional characteristic is what makes the electricity market special and also why an 

intermittent amount of electricity produced by wind power can cause uncertainty and 

hence big fluctuations in the price to keep the market at equilibrium.  

The amount of electricity originated from wind power is increasing rapidly in many 

countries (IEA, 2017). According to Wind Europe (2018), wind power met 12,5 percent 

of the annual average power demand in Sweden in 2017. This figure can be compared to 

Spain where that figure is 18,6 percent or Germany where 20,8 percent of annual average 

power demand is covered by wind power. Denmark has the highest wind power 

generation of all included countries4 with 44,4 percent (Wind Europe, 2018). This means 

that the uncertainty in terms of electricity supply is increasing in these countries as well, 

hence, the increasing price volatility that has been found in previous studies (e.g. Pereira 

et al., 2017 and Ketterer, 2014) are not unexpected.  

The Swedish electricity market is, however, special due to its large hydropower capacity. 

In 2016, hydropower constituted for 40.5 percent of the total electricity production in 

Sweden (Swedish Energy Agency, 2018) and it could function as a mitigating effect on 

the uncertainty invoked by an expanding wind power sector. Another special 

characteristic of the Swedish electricity market is the minor contribution of fossil fuel 

driven electricity to total electricity generation, only 9.6 percent in 2016 (Swedish Energy 

Agency, 2018). 

  

                                                           
3 At the time of writing. 
4 A bar chart of percentages of the average annual electricity demand covered by wind in 28 European 
countries is displayed in the Appendix (Figure A2). 
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2. Theoretical Framework 

First, the theoretical framework of how wind power affects the level of the electricity 

wholesale price, i.e. the theory of the merit order effect is presented. Second, a theoretical 

argument is given for why more wind power would yield an increase in the price 

volatility. Third, the last part of the section is devoted to a literature review, presenting 

findings from previous studies on the subject.  

2.1 Theory - The Merit Order Effect 

In an electricity market that is characterized by a merit order system, the different power 

generating methods are organized according to their ascending order in price. This could 

also be seen as their short-run marginal cost curves, and wind power generally has a 

relatively low marginal cost (Brännlund, 2017). When the generated amount of electricity 

from renewable resources increases, it will lead to less production from fossil fuel driven 

production methods due to their higher marginal cost. This is, however, in general and 

does not apply on the Swedish electricity market since it is not dependent on any fossil 

fuels. Figure 1 below illustrates an increase in wind power generation and its effect on 

the price. This effect is thus called the merit order effect. 

Depending on the elasticity of demand, the total quantity produced will change as well, 

but the important thing to notice in the figure above is how the price will reduce due to 

more expensive electricity generating methods are faced out. Possible implications of an 

increasing share of the electricity production generated by renewable resources could 

according to Dunn et al. (2013) be that there is an economic gain from such a shift. This 

Figure 1: The Merit Order Effect 

Note: The green dotted line and the green arrow represents the increase in wind power generation (source: own 
illustration). 
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suggests that policies supporting renewables, such as feed-in tariffs and green certificates, 

are good investments in total welfare as well as the environment.  

2.2 Theory - Electricity Wholesale Price Volatility 

The electricity wholesale price volatility depends on a lot of things. According to Benini 

et al. (2002), a few of those things are fuel price, hydro generation production, demand 

elasticity and variations, network congestion and specific market rules and finally 

availability of generating units, in other words, the presence of wind. Since there always 

will be some uncertainty regarding the weather, there will be ambiguity about the possible 

electricity production from the wind power plants as well. If not enough electricity can 

be produced due to lack of wind, there will be a shortage on the supply side of the 

electricity market and jumps in the electricity price. 

Energy supply (𝑄𝑡
𝑠) is dependent on e.g. the expected price level, amount of wind power 

capacity, hydropower capacity and nuclear power capacity. In this thesis, the assumption 

is that the supply side is a function of the expected price level, wind generation (𝑊𝑖𝑛𝑑𝑡) 

and hydro reservoir (𝑅𝑒𝑠𝑒𝑟𝑣𝑡). Nuclear power is a stable source of energy and will, 

therefore, be excluded from the supply function, which looks like this: 

𝑄𝑡
𝑠 = 𝛾0 + 𝛾1𝑃𝑡

𝑒 + 𝛾2𝑊𝑖𝑛𝑑𝑡 + 𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡
𝑠   (1) 

Energy demand (𝑄𝑡
𝑑) can be affected by variables such as e.g. the expected price level, 

temperature and economic activity. In this thesis, however, a consumption prognosis 

(𝐶𝑝𝑟𝑜𝑔
𝑡) will be used as a proxy variable for all potential demand related variables5, 

except for the expected price level (𝑃𝑡
𝑒). The reason why the prognosis is used and not 

actual consumption, is to avoid potential endogeneity problems. Hence, the demand 

function for electricity will formulate as follows:  

𝑄𝑡
𝑑 = 𝛼0 + 𝛼1𝑃𝑡

𝑒 + 𝛼2𝐶𝑝𝑟𝑜𝑔
𝑡 + 𝜖𝑡

𝑑    (2) 

The regression model presented in Section 3 is derived from these expressions. In 

equilibrium, demand equals supply so the expressions are put equal to each other, 

subsequently, the equation is solved for the expected price. This derivation is presented 

in the Appendix and the regression equation, thus, looks like this: 

𝑃𝑡
𝑒 = 𝛽0 + 𝛽1𝑊𝑖𝑛𝑑𝑡 + 𝛽2𝐶𝑝𝑟𝑜𝑔

𝑡 + 𝛽3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡   (3) 

                                                           
5 Consumption prognosis is used as a proxy variable for e.g. economic activity and temperature.  
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2.3 Previous Studies 

The previous literature regarding the merit order effect is extensive, several studies have 

empirically tested the theory in different electricity markets. A study made by Cludius et 

al. (2014), finds proof of a reduction in the electricity wholesale price due to the 

expanding wind and solar power sector in Germany. In their study, they also use the 

results to produce a short-term prediction tool for the merit order effect. They also 

emphasized the fact that energy-intensive sectors will gain on this merit order effect, at 

the expense of consumers. Since the development of wind power in Germany is partly 

policy driven, decision-makers need to take distributional consequences into account 

when enforcing policies (Cludius et al., 2014). Gonzalez et al. (2008) state that the 

consumer is actually benefited from this lower electricity price followed by the merit 

order structure of the supply. They claim that consumers gain more by the reduced price 

than the cost they are facing due to feed-in tariffs, hence, there is a net benefit for 

consumers. Evidence of the merit order effect is also found in a paper by Gelabert et al. 

(2011). They complete an empirical study using hourly data from Spain during the period 

2005-2009 and conclude that the policy-driven growth of the renewable energy sector has 

indeed provoked lower electricity prices. Thus, there is no lack of empirical evidence of 

the renewable energy sector’s negative correlation with the wholesale price of electricity. 

The size of this merit order effect can differ though, according to Labandeira et al. (2014). 

They perform an empirical study on the Austrian-German market and conclude that the 

magnitude of the merit order effect is dependent on region and estimation method. They 

also state that the merit order effect does not differ as much between regions as previous 

literature would advise. 

The impact of renewable electricity generation on the price mean and volatility is 

investigated in a study by Pereira et al. (2017). They estimate the effect of wind generation 

and hydro reservoir levels on the electricity price in Spain. They claim Spain to be a 

perfect market for their research since, in addition to having become more exposed to 

intermittent wind due to the increase in wind power capacity, Spain has a relatively large 

hydropower sector. They also state that Spain is a relatively isolated market, which also 

can be considered as an argument for it as a suitable market to investigate. Observations 

of day-ahead hourly prices are collected for the period 2007-2014. They compute an 
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average price for night prices6 and peak prices7, and disregard outliers to improve their 

estimation. Likewise, data of electricity generation and total load quantities are separated 

into these two periods of each day. To account for the increase in wind power capacity 

over time, they remove a time trend from the variable wind generation. They also correct 

for seasonal patterns from the observed total load. A reservoir-variable is also collected 

and it describes the amount of hydro energy stored in Spanish dams on weekly basis as a 

fraction of the storage capacity, which then is re-calculated to a daily frequency. Hence, 

they estimate their results using an ARX-GARCHX model including the above-

mentioned variables.  

In their study, Pereira et al. (2017) start by estimating the model with the full sample from 

2007-2014. They then extend their analysis by estimating the same model but allowing 

for structural breaks. For the full sample estimation, the results suggest that wind 

generation and reservoir have different impacts on the mean price and the price volatility, 

depending on whether the night or peak period is regarded. Wind generation is shown to 

have a negative effect on the price mean and positive effect on the price volatility for both 

peak and night prices, with significantly larger impact when night prices are considered. 

Reservoir, on the other hand, is proven to have a negative effect on the price volatility for 

peak prices, but are insignificant for the mean. Furthermore, reservoir does not give any 

significant results regarding night prices, which the authors claim could be due to 

structural breaks.  

To correct for these breaks, Pereira et al. (2017) divide the peak period into two parts and 

the night period into four parts, after computing a Bai-Perron test8. Still, wind generation 

has a negative effect on the price mean and reservoir an insignificant effect. For the price 

volatility, wind generation continuous to show a positive correlation, but reservoir now 

shows a negative effect in most cases. These results are in agreement with the hypothesis 

that hydro generators come to market to a larger degree when e.g. wind generation is 

unavailable. Pereira et al. (2017) conclude that different types of renewable energy 

generating methods have different impacts on the electricity price. Hydropower seems to 

complement wind power both operationally and economically.          

                                                           
6 The part of the day denoted as “night” is from 00h00 to 08h00. 
7 The part of the day denoted as “peak” is from 08h00 to 20h00. 
8 The Bai-Perron multiple break test is used to check the stability of the diagnostic. 
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Goto and Karolyi (2004) examine how electricity price volatility develops over time and 

what drives the changes in price. They conclude that time-dependent jumps are a 

significant statistical factor and also that seasonality matters when explaining why the 

electric price is volatile. Moore et al. (2011) also find, besides the fact that expanding 

wind power tends to lower the level of the electricity price, that the variance will be larger. 

This conclusion is drawn from an empirical study on the Texas electricity market using 

15-minute data. Another study that comes to similar conclusions is one made on the 

Italian market by Cataldi et al. (2014). In additional to find evidence of the merit order 

effect and an enlarged price variance as a result of renewables expansion in electricity 

production, they state that monetary savings are satisfactory to compensate for the 

stimulus of wind power, but not solar power. Bhattacharya et al. (2007) perform an 

empirical research on the Ontario electricity market. They find evidence of high price 

volatility relative to neighbouring markets price volatility and argues that it is due to the 

special characteristics of the Ontario market. It is a single-settlement, real-time electricity 

market. Another study, made on the German electricity market by Ketterer (2014), finds 

the same results as the previously presented, namely that the price level decreases and its 

volatility increases as wind power generation expands. This study, mainly follows the 

frameworks of Pereira et al. (2017) and Ketterer (2014).  
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3. Method 

This section contains an explanation of the collected data along with more detailed 

descriptive statistics of all included variables. Also, the statistical method that was chosen 

to answer the research questions will be motivated and briefly discussed.  

3.1 Data 

Hourly electricity wholesale prices9 are collected from Nord Pool for the period 2016-

201710. Observations for wind production11 and consumption prognosis12 are also 

collected from Nord Pool for the same period. The variable consumption prognosis is 

included in the study to control for changes in electricity demand that can occur due to 

e.g. changes in the weather. Regarding the last variable, hydro reservoir13, only weekly 

data was available at Nord Pool. Hence, an assumption that has to be made is that 

reservoir levels at hydropower plant remains relatively stable within a weekly time span. 

Hydro reservoir is included in the model since it is expected to affect the electricity price 

positively and the price volatility negatively.   

The expected outcomes are derived from the electricity supply and demand functions 

presented in Section 2. As stated in Table 1 below, wind generation is presumed to affect 

the price level negatively and the price volatility positively. Hydro reservoir is expected 

to affect both the price level and price volatility negatively, consumption prognosis effect 

on the price volatility is uncertain, but a higher value of that variable should yield a higher 

price level.      

Table 1: Expected outcomes 

VARIABLES Price level Price Volatility 

Wind Generation Negative Positive 
   

Consumption Prognosis Positive Uncertain 
   

Hydro Reservoir Negative Negative 

3.1.1 Descriptive Statistics 

In Table 2 below, descriptive statistics for the variables included in the model are 

presented. There are no missing values in the dataset for the variable hydro reservoir, but 

                                                           
9 Measured in SEK/MWh. 
10 01/01/2016-10/12/2017. 
11 Measured in MWh. 
12 Measured in MWh. 
13 Measured in GWh. 
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all other variables have two omitted observations for an unknown reason. However, hydro 

reservoir does not have 17 042 unique observations since the only available data on that 

variable was on a weekly basis. The mean value of the electricity price is 268 SEK/MWh 

with a standard deviation of 73. The minimum and maximum values of 49 SEK/MWh 

and 1 870 SEK/MWh respectively, suggests that there are a lot of fluctuations in the price 

level, as presumed. The variable wind generation has a mean value of 1 837 MWh and a 

standard deviation of 1 136. The minimum value is as small as 34 MWh, which affirms 

that the weather is unpredictable and the wind does not always blow. The maximum value 

of wind generation observed is 5 477 MWh.   

Table 2: Descriptive Statistics 

VARIABLES Obs. Mean Std. Dev. Min Max 

Electricity Price 17 040 268 73 49 1 870 

Wind Generation 17 040 1 837 1 136 34 5477 

Consumption Prognosis 17 040 15 732 3 407 8910 27558 

Hydro Reservoir 17 042* 18 275 6 524 6373 27470 

 *Since data of hydro reservoir is collected on a weekly basis, the number of unique observations is approximately 
17042/24/7 ≈ 101. 

3.1.2 Graphical Illustration of Data 

In Figure 2 below, the electricity price evolution over time is illustrated. The time variable 

on the x-axis measures hours between 1/1/2016 and 10/12/2017 and the electricity price 

is measured in SEK/MWh. The price volatility seems to fluctuate over time and some 

extreme peaks are observed in the beginning,  the middle and the end of the research 

period.  
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The distribution of electricity price observations is illustrated as a histogram in Figure 3 

below. A thin line shows how the distribution would look, had it been normally 

distributed. It is clear that the density of the observations is large around its mean value 

and also have some extreme outliers. This, together with the changes in variance over 

time displayed in Figure 2 above, could be an indication that an autoregressive 

conditional heteroskedasticity (ARCH) model would be suitable for this data.  

 

 

 

 

 

 

 

 

3.2 Model Specification 

In the theoretical framework presented in Section 2.2, electricity demand is assumed to 

be dependent on the expected price level and consumption prognosis, while electricity 

supply is assumed to depend on the expected price level, wind generation and hydro 

Figure 3: Histogram Over The Density of Electricity Price Observations. 

Figure 2: The Evolution of The Electricity Price 

Note: The time variable is measured in hours during the period 1/1/2016-10/12/2017, and the 
electricity price is measured in SEK/MWh. 

Note: The electricity price is measured in SEK/MWh. 
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reservoir. To get the regression equation, these two expressions14 are solved for the 

expected price. This derivation is done in the Appendix, and the conclusion is that the 

electricity price (𝑃𝑡) is dependent of wind generation (𝑊𝑖𝑛𝑑𝑡), consumption prognosis 

(𝐶𝑝𝑟𝑜𝑔
𝑡) and hydro reservoir (𝑅𝑒𝑠𝑒𝑟𝑣𝑡). To mitigate the effect of outliers, logarithms of all 

variables are used. Since the price variance changes over time, an ARCH model is a good 

estimation to test for volatility (Ketterer, 2014).  

When constructing an ARCH model there will be two equations. First, the mean equation 

which describes the behaviour of the time series mean value and are derived from the 

supply and demand of electricity as mentioned above. It is expected that the time series 

will vary around its mean value, in this case, α. It is a linear regression15 containing the 

explanatory variables and hence looks as follows: 

𝑃𝑡 = 𝛼 + 𝛽1𝑊𝑖𝑛𝑑𝑡 + 𝛽2𝐶𝑝𝑟𝑜𝑔
𝑡 + 𝛽3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝑒𝑡   (4) 

The second equation is slightly different in the sense that it is the variance that is 

explained and done so using the previous variance observed and the explanatory 

variables. The variance of the error term in period t is noted by ht. The error term, et-1, is 

squared due to the fact that the variance has to be positive. The variance equation 

consequently can be written like this: 

ℎ𝑡 =  𝛾 + 𝛾1𝑊𝑖𝑛𝑑𝑡 + 𝛾2𝐶𝑝𝑟𝑜𝑔
𝑡 + 𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝛾1𝑒𝑡−1

2    (5) 

To test for the presence of ARCH effects, that is if 𝛾 >  0, a Lagrange multiplier is used. 

First, the mean equation is estimated and the standard error observed is squared and used 

in an auxiliary regression in which the calculated results will be compared to actual data 

to estimate how well the model fits reality. For first order ARCH, a regression on the 

squared residual term on the lagged squared residual term, a constant and a stochastic 

variable is performed. The equation looks as follows: 

�̂�𝑡
2 = 𝛾0 + 𝛾1�̂�𝑡−1

2 + 𝑣𝑡     (6) 

The null and alternative hypothesis are: 

𝐻0: 𝛾1 = 0         𝐻𝑎: 𝛾1 ≠ 0                (7)  & (8) 

This test is performed for 15 time lags, and the results are presented in Table 3 below. 

The null hypothesis can be rejected for all 15 time lags, therefore, a generalized ARCH 

                                                           
14 Electricity supply: 𝑄𝑡

𝑠 = 𝛾0 + 𝛾1𝑃𝑡
𝑒 + 𝛾2𝑊𝑖𝑛𝑑𝑡 + 𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡

𝑠 

    Electricity demand: 𝑄𝑡
𝑑 = 𝛼0 + 𝛼1𝑃𝑡

𝑒 + 𝛼2𝐶𝑝𝑟𝑜𝑔
𝑡 + 𝜖𝑡

𝑑 
15 The regression equation is of reduced form.  
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(GARCH) model is considered to be a good model for estimating the price volatility with 

the available data.  

Table 3: Test For ARCH Effects 

Lags(p) chi2 Df Prob>chi2 

1 13 045.296 1 0.0000 

2 13 825.041 2 0.0000 

3 13 958.933 3 0.0000 

4 13 963.221 4 0.0000 

5 13 965.260 5 0.0000 

6 13 985.492 6 0.0000 

7 14 022.901 7 0.0000 

8 14 021.598 8 0.0000 

9 14 032.409 9 0.0000 

10 14 042.280 10 0.0000 

11 14 043.590 11 0.0000 

12 14 061.040 12 0.0000 

13 14 091.758 13 0.0000 

14 14 102.081 14 0.0000 

15 14 101.823 15 0.0000 

H0: No ARCH(p) effects      vs.     Ha: ARCH(p) disturbance 

To test for the dependence of all time lags the difference between the chi2 statistic with a 

two and one time lag is computed. That difference is another chi2 statistic with the degree 

of freedom equal to one. Then the chi2 tail for the distribution with degree of freedom 

one is displayed at the threshold for the difference between two and one time lags, and 

the p-value this yields signals for the existence of significant ARCH effect of lag 2. This 

methodology is performed for the first 15 time lags, and most p-values are significant. 

The choice of 15 time lags is made arbitrarily but in general, an ARCH model with more 

than 15 time lags is not used. These results can be found in the Appendix (Table A3). 
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4. Results 

This section first presents necessary tests in Section 4.1 and second, the results from the 

ARCH(1)-GARCH(1)16 regressions in Section 4.2. The results will be described and 

interpreted.       

4.1 Tests 

To see if the model suffers the problem of multicollinearity, a correlation matrix is created 

and presented in Table 4 below. All results are statistically significant and the model does 

not seem to suffer from any problems due to high correlation among the independent 

variables. Between the variables wind generation and hydro reservoir there is a very low 

correlation (-0.0283) and between wind generation and consumption prognosis, and wind 

generation and hydro reservoir, the values are 0.2328 and -0.2293 respectively, which is 

considered to be under the problematic level.  

Table 4: Correlation Matrix 

Explanatory Variables Wind Generation Consumption Prognosis Hydro Reservoir 

    

Wind Generation 1.000   
    

Consumption Prognosis 0.2328*** 1.000  
    

Hydro Reservoir -0.0283** -0.2293*** 1.000 

*** p<0.01, ** p<0.05, * p<0.1 

A Dickey-Fuller unit root test is performed, from which the results are presented in Table 

5 below. Since the data is a time series, it is important to test whether it is stationary or 

not. The Z(t) test statistic is -16.645 which yields a p-value of 0.0000. Hence, the 

evolution over time is stationary which is necessary for conducting this kind of regression 

model. The variance changes stochastically over time, which means that the results will 

be valid. 

Table 5: Dickey-Fuller Unit Root Test. 

 Test-Statistic 1% Critical Value 5% Critical Value 10% Critical Value 
     

Z(t) -16.645 -3.430 -2.860 -2.570 
    

Mackinnon approximate p-value for Z(t) = 0.0000 

Number of observations: 17 037 

                                                           
16 An ARCH(1)-GARCH(1) model implies that one time lag is used both for the ARCH regression and for 
the GARCH regression. A GARCH model builds upon the regular ARCH model, whereas, an ARCH 
regression also is performed with a one year time lag.  
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4.2 Results 

In Table 6 below, the results from the ARCH(1)-GARCH(1) regressions are displayed. 

The table shows both results from the mean equation and the variance equation, 

estimating the explanatory variables correlation with the electricity price level and 

volatility respectively. The mean equation estimates the relationship between the 

explanatory variables and the price level. Wind generation has a coefficient of -0.0234 

which means that the variable is negatively correlated with the electricity price. The 

coefficient should be interpreted as follows: if wind generation increases by one percent, 

the electricity price would decrease with approximately 0.02 percent. Consumption 

prognosis and hydro reservoir are positively correlated with the electricity price. For 

hydro reservoir, that was not in accordance with the expected outcomes. All results from 

the mean equation regression are significant (p < 0.01).  

Table 6: Results from the ARCH(1)-GARCH(1) Regression 
 (ln)Price Level (ln)Price Volatility 

VARIABLES (Mean equation) (Variance equation) 

(ln)Wind Generation -0.0234***      (0.0003) 0.0015 (0.0360) 

(ln)Consumption 

(ln)Prognosis 

  0.4400***      (0.0009) -1.5048*** (0.0824) 

Hydro Reservoir   0.0522***      (0.0007) -0.1230* (0.0666) 

ARCH  L1  0.9480***    (0.0138) 

GARCH  L1     0.1592***    (0.0029) 

Constant 1.0299***      (0.0119) 7.4973***    (1.1081) 

Observations: 17 040 

Log-Likelihood: 15 760.36 

Prob > Chi2: 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 6 above also provide the results from the variance equation, where price volatility 

is the dependent variable. Consumption prognosis and hydro reservoir are negatively 

correlated with the electricity price volatility, both significantly but at different levels. 

The coefficient for consumption prognosis is -1.5048 and for hydro reservoir, -0.1230. 

The coefficient for hydro reservoir is in accordance with the expected outcomes, as not 

were in the case for the mean equation regression. For wind generation, the positive 

coefficient of 0.0015 is not significant. It yields a high p-value (0.967) which suggests 

that it is not at all correlated with the electricity price volatility. This result is not in 

agreement with previous studies examining other energy markets, e.g. Pereira et al. 
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(2017), Ketterer (2014), Moore et al. (2011) and Cataldi et al. (2014). The coefficients 

for ARCH(1) and GARCH(1) are 0.9480 and 0.1592 respectively, both being significant. 

This means that the price volatility is indeed increasing over time17, but since the 

explanatory variable wind generation did not turn out significant, the reason for this is not 

explained by this model.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
17 The ARCH(1)-GARCH(1) model uses past variance to explain future variance. This is the reason why no 
causality can be retrieved from their coefficients.   
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5. Discussion 

The first part of this section will provide a discussion about intermittent energy production 

in general and wind power’s effect on the electricity price volatility in particular. The 

second part presents an analysis of the demonstrated merit order effect on the Swedish 

electricity market.  

5.1 Intermittent Energy 

It is of great importance to examine how an expanding renewable energy supply sector 

affects the electricity market which has some unique characteristics. If the electricity 

market, at any point, fails to be at equilibrium there will be an electric shut down. This 

may only create some minor inconvenience for households, but potentially major 

financial losses for industries as well as for countries. For this reason, a reliable supply of 

electricity is crucial. Wind power has the disadvantage of being dependent on an 

unreliable source, namely the wind. So, when the wind power stands for a larger part of 

the amount of total electricity generation, the uncertainty will inevitably increase. This 

uncertainty can be visualized by an electricity price that becomes more volatile.  

This thesis has examined the effect of wind power production on the electricity price in 

the Swedish market. Previous research, such as e.g. Ketterer (2014), Pereira et al. (2017), 

Moore et al. (2011) and Goto and Karolyi (2004), have found a positive correlation, that 

is, wind power makes the electricity price more volatile. However, the Swedish market 

has some special characteristics which could have invoked different results. The 

hydropower sector in Sweden is relatively big in comparison to other countries. To store 

water in dams can possibly be the only effective way to store energy. It could serve as a 

safety net for days with scarcity in wind.  

The price volatility that seems to come of an increasing wind power sector, at least on 

other energy markets than Sweden, is a potential problem that has to be considered. To 

know this relationship is important since it can be used to calculate a markets maximum 

capacity of wind power, and if that capacity is low, maybe the answer is not blowing in 

the wind after all. Lately, there have been large improvements in the efficiency of solar 

panels and since the sun is more reliable than the wind, it could be an essential 

complement to wind power and hydropower in a future without a fossil fuel 

dependability. 
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This study finds no evidence of a correlation between wind power generation and the 

electricity price volatility. This result is not seen in similar studies18 made on other energy 

markets than Sweden19. Studies such as e.g. Pereira et al. (2017), Ketterer (2014) and 

Moore et al. (2011), all found that an expanding wind power sector causes the volatility 

of the electricity price to rise. As explained in the theoretical framework, more wind 

power should mean more uncertainty of supply, hence, a more volatile price. The results 

of this study is, therefore, interesting due to the non-significant coefficient of the variable 

wind generation.  

A limitation of this study is the time span of which the observations are made. The short 

research period could potentially invoke the insignificant result. However, the 

coefficients for consumption prognosis and hydro reservoir both are significant, which 

means that the number of observations was many enough to capture their effect on the 

electricity price volatility. A more probable explanation to the insignificant result may be 

that the special characteristics of the Swedish energy market, namely the large capacity 

of hydropower. A fact that contradicts this potential explanation is, however, that the 

Spanish energy market also has a relatively large share of hydropower capability and 

Pereira et al. (2017) found, in their study on the Spanish market that wind generation and 

electricity price volatility had a significant positive correlation. 

That the expansion of the wind power sector in Sweden does not affect the electricity 

price volatility, can also be due to the fact that the wind power sector is still relatively 

small in Sweden. Bearing this in mind, the results from studies such as Pereira et al. 

(2017) on the Spanish energy market and Ketterer (2014) in Germany, could find 

significant correlation between wind generation and electricity price volatility due to the 

fact that the wind power sector already stands for a substantial part of the total electricity 

supply. When Sweden’s wind power sector continues to expand, the same issue of 

increasing price volatility could emerge from that reason in addition to the increasing 

price volatility that is observed now. The current level of approximately 12,5 percent of 

total electricity generation could be within Sweden’s wind power capacity and, thus, not 

affect the price volatility.  

                                                           
18 See e.g. Pereira et al. (2017), Ketterer (2014)  
19 To the best of the author’s knowledge at the time of writing. 



 
 

19 
 

Studies in countries with less share of wind power generation20 than Sweden have found 

that it still causes the electricity price volatility to increase (e.g. Moore et al., 2011). The 

different results could be due to Sweden’s large hydropower capacity which can serve as 

a back-up system for when the wind is not strong enough to produce the necessary amount 

of electricity.  

Clearly, energy markets have unique characteristics which can invoke them to respond 

differently to compositional changes. A social planner must, therefore, carefully consider 

how the market in question will respond to a certain policy scheme.           

5.2 The Merit Order Effect 

In Section 4 above, Table 6 presents the results from both the mean equation and the 

variance equation. When examining the merit order effect in the Swedish electricity 

market, the coefficient of interest is how wind power is estimated to affect the electricity 

price in the mean equation. As stated in the previous section, this coefficient is -0.0234 

and significant, which means that a one percent increase in wind power generation will 

cause a decrease in the electricity price with 0.0234 percent. The merit order effect is, 

hence, present at the Swedish electricity market.  

The result is in accordance with previous studies21 and the expected outcome of this study 

as well. Preferably would, however, be to expand the research period to cover a longer 

time-span. Due to the availability of data, this study has the limitation of only cover the 

period 2016-2017. It is reasonable to assume that the wind power sector is expanding 

slowly due to the large initial investment costs that are required, hence, if a longer time 

span would be examined the effect on the electricity price could be clearer. That being 

said, the results of this study is significant and can, therefore, still be used to draw relevant 

conclusions from.    

That a larger wind power sector affects the price level of electricity negatively is 

something that a social planner must take in consideration before implementing energy 

policy. Gonzalez et al. (2008) claim that the gain consumers get from this reduction in 

price, outweighs the cost they are facing due to feed-in tariffs, hence, yielding in a net 

benefit for consumers. This is one argument in favour of subsidising schemes22 

                                                           
20 The share of electricity generated from wind power in the United States was 6,3 percent in 2017 
(AWEA, 2018).  
21 See e.g. Cludius et al. (2014), Gonzalez et al. (2008) and Gelabert et al. (2011). 
22 Such as e.g. feed-in tariffs and green certificates. 
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supporting renewable energy producers. However, Cludius et al. (2014) claims that 

energy intensive sector would benefit from the merit order effect at the expense of 

consumers. Hence, there are some ambiguity about the effect for consumers, but there are 

of course environmental gains if conventual electricity generation methods are faced out 

and replaced by green energy.    
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6. Conclusions 

Evidence of a merit order effect in the context of the Swedish electricity market is found. 

When the wind power sector increases, there is a face-out effect of more expensive 

generation methods, whereas, the electricity price decreases. The electricity price 

volatility is confirmed to increase over time when explained by previous price variance. 

However, the objective of this study was to estimate how the amount of electricity 

generated by wind power affects the price volatility. Theoretically, the correlation should 

be positive, which also a large literature examining other markets confirms. But the results 

show that there is almost no correlation at all, which is remarkable. To conclude that the 

positive effect of wind generation on price volatility is absence on the Swedish electricity 

market is, however, too harsh due to the limitations of the study and the fact that the wind 

power sector in Sweden is not as expansive as in other countries. As the wind power 

sector continues to grow, it could start to affect the electricity price volatility. 

For future research, I recommend that a longer time span is studied. If possible, a shorter 

observational frequency than the hourly used in this study would also be preferable. There 

are similar studies that have used 15-minute data which could improve the estimations 

and a larger dataset could potentially capture the effects better. Furthermore, continuous 

research of the same sort is recommended since the wind power sector in Sweden expands 

every year and the larger the sector gets, the more uncertainty will the market face in 

terms of the presence of wind.    
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8. Appendix 

Figure A1: Percentage of electricity demand covered by wind power in European 

countries in 2017:  

Note: Percentages of the average annual electricity demand covered by wind power (onshore and offshore) in 
European countries in 2017. Source: Wind Europe (https://windeurope.org/about-wind/statistics/european/wind-in-power-

2017/#findings, downloaded: 23/05/2018). 
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Derivation of the regression model: 

First, the supply function can be expressed like this; 

𝑄𝑡
𝑠 = 𝛾0 + 𝛾1𝑃𝑡

𝑒 + 𝛾2𝑊𝑖𝑛𝑑𝑡 + 𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡
𝑠 

Second, the demand function can be expressed as follows; 

𝑄𝑡
𝑑 = 𝛼0 + 𝛼1𝑃𝑡

𝑒 + 𝛼2𝐶𝑝𝑟𝑜𝑔
𝑡 + 𝜖𝑡

𝑑 

In order for the electricity market to clear, the demand has to be equal supply, that is;  

𝑄𝑡
𝑠 = 𝑄𝑡

𝑑  → 

𝛾0 + 𝛾1𝑃𝑡
𝑒 + 𝛾2𝑊𝑖𝑛𝑑𝑡 + 𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡

𝑠 = 𝛼0 + 𝛼1𝑃𝑡
𝑒 + 𝛼2𝐶𝑝𝑟𝑜𝑔

𝑡 + 𝜖𝑡
𝑑 

When this market clearing condition is stated, I solve for the electricity price (𝑃𝑡
𝑒); 

𝑃𝑡
𝑒(𝛼1 − 𝛾1) = 𝛾0 + 𝛾2𝑊𝑖𝑛𝑑𝑡 + 𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡

𝑠 − 𝛼0 − 𝛼2𝐶𝑝𝑟𝑜𝑔
𝑡 − 𝜖𝑡

𝑑 → 

→ 𝑃𝑡
𝑒 =

𝛾0

(𝛼1−𝛾1)
+

𝛾2𝑊𝑖𝑛𝑑𝑡

(𝛼1−𝛾1)
+

𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡

(𝛼1−𝛾1)
+

𝜖𝑡
𝑠

(𝛼1−𝛾1)
−

𝛼0

(𝛼1−𝛾1)
−

𝛼2𝐶𝑝𝑟𝑜𝑔
𝑡

(𝛼1−𝛾1)
−

𝜖𝑡
𝑑

(𝛼1−𝛾1)
       → 

→ 𝑃𝑡
𝑒 =

𝛾0−𝛼0

(𝛼1−𝛾1)
+

𝛾2𝑊𝑖𝑛𝑑𝑡

(𝛼1−𝛾1)
+

𝛾3𝑅𝑒𝑠𝑒𝑟𝑣𝑡

(𝛼1−𝛾1)
−

𝛼2𝐶𝑝𝑟𝑜𝑔
𝑡

(𝛼1−𝛾1)
+

1

(𝛼1−𝛾1)
(𝜖𝑡

𝑠 − 𝜖𝑡
𝑑)    → 

→𝑃𝑡
𝑒 =

𝛾0−𝛼0

(𝛼1−𝛾1)
+

𝛾2

(𝛼1−𝛾1)
𝑊𝑖𝑛𝑑𝑡 +

𝛾3

(𝛼1−𝛾1)
𝑅𝑒𝑠𝑒𝑟𝑣𝑡 −

𝛼2

(𝛼1−𝛾1)
𝐶𝑝𝑟𝑜𝑔

𝑡 +
(𝜖𝑡

𝑠−𝜖𝑡
𝑑)    

(𝛼1−𝛾1)
 

The expected outcomes, which derives from how the variables affect the demand and 

supply curve, are presented below; 

Expectations                                                                                     Derivatives 
 

𝛾1 < 0 (𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑙𝑦 𝑐𝑢𝑟𝑣𝑒) 
 

𝛼1 > 0 (𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑑𝑒𝑚𝑎𝑛𝑑 𝑐𝑢𝑟𝑣𝑒) 
 

𝛼2 < 0 (𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑑𝑒𝑚𝑎𝑛𝑑)                                             
𝛿𝑃𝑡

𝑒

𝛿𝐶𝑝𝑟𝑜𝑔
𝑡

= −
𝛼2

(𝛼1−𝛾1)
> 0 

 

𝛾2 > 0 (𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑠𝑢𝑝𝑝𝑙𝑦)                                                     
𝛿𝑃𝑡

𝑒

𝛿𝑊𝑖𝑛𝑑𝑡
=

𝛾2

(𝛼1−𝛾1)
< 0 

 

𝛾3 > 0 (𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑠𝑢𝑝𝑝𝑙𝑦)                                                   
𝛿𝑃𝑡

𝑒

𝛿𝑅𝑒𝑠𝑒𝑟𝑣𝑡
=

𝛾3

(𝛼1−𝛾1)
< 0 

 

Now I just rename the parameters in front of the explanatory variables (and rearrange a 

bit) to get a simplified final expression of the regression model; 

𝑃𝑡
𝑒 = 𝛽0 + 𝛽1𝑊𝑖𝑛𝑑𝑡 + 𝛽2𝐶𝑝𝑟𝑜𝑔

𝑡 + 𝛽3𝑅𝑒𝑠𝑒𝑟𝑣𝑡 + 𝜖𝑡 
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Table A1: Initial regression without explanatory variables: 

SOURCE SS              df            MS Electricity Price 

Model          0               0               .  

Residual   990.8105     17 039      0.0582  

Total   990.8105     17 039      0.0582  

VARIABLES   

-----     No explanatory variables     ----- 

Constant  5.5626***    (0.0019) 

Observations: 17 040 

F(0, 17 039): 0.000 

Prob > F:   . 

R2: 0.000 

Root MSE: 0.2411 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Figure A2: Residuals evolution over time:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

27 
 

Table A2: Residuals regression without explanatory variables: 

SOURCE SS              df            MS Electricity Price 

Model          0               0               .  

Residual   990.8105     17 039      0.0582  

Total   990.8105     17 039      0.0582  

VARIABLES   

-----     No explanatory variables     ----- 

Constant  -2.65e-11  (0.0019) 

p-value = 1 

Observations: 17 040 

F(0, 17 039): 0.000 

Prob > F:   . 

R2: 0.000 

Root MSE: 0.2411 

 

Table A3: Testing ARCH lags: 

 Lag chi2 difference p-value 

   

1,2 779.745 1.37e-171 

2,3 133.892 5.769e-31 

3,4 4.288 0.0384 

4,5 2.039 0.1533 

5,6 20.232 6.860e-06 

6,7 37.409 9.578e-10 

7,8 -1.303 1 

8,9 10.811 0.0010 

9,10 9.871 0.0017 

10,11 1.31 0.2524 

11,12 17.45 0.0000 

12,13 30.718 2.984e-08 

13,14 10.323 0.0013 

14,15 -0.258 1 
   

Note: The chi2 tail is evaluated at the threshold of the displayed difference between ARCH effects in each lag. Most 
of the p-values are low, confirming the existence of ARCH effects of order 2-4, 6-7, 9-10 and 12-14. These results 
confirms that a generalized ARCH (GARCH) model should be used.   


