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depending on several relevant variables - coal prices, gas prices and the share of renewable energy sources. The data 

were obtained from Eurostat and OECD databases, investment sites, which showed the development of commodity 

prices on wholesale market, or from power exchanges or a short-term electricity market operator. RStudio software 

was then used to evaluate created models. The result was price forecasts for further periods, which were also 

compared with the actual spot prices. 
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1 Introduction 

Energy in any form is an essential resource for 

ensuring that normal and especially economic activities 

of a country are achieved. Thus, the use of electricity 

has become a key aspect. However, electricity is a 

secondary source that can be generated by 

transformation from various primary sources, such as 

fossil fuels (coal, natural gas, oil, etc.) or is obtained 

from renewable sources (hydro, solar, wind power) or 

nuclear energy. The type of energy used by a country on 

its territory then reflects its economic, social and 

political situation.  

Four countries of Central Europe - the Czech 

Republic, Hungary, Poland and Slovakia - which are 

called the Visegrad Group (abb. V4) co-operate also in 

energy matters with one another. Most V4 countries are 

dependent on the import of primary resources, as either 

they do not have required energy source or their internal 

conditions cannot generate enough energy. In the long 

run, the most important supplier for these countries is 

Russia, which provides the largest share of oil, natural 

gas and solid fuel imports to the EU among other export 

countries. By the 1990s, most internal electricity and gas 

markets were monopolistic, but over time and with 

greater demands from the EU and the Member States, 

liberalization directives began to emerge to be 

implemented in the national policies of all EU countries. 

Thus, the markets of the V4 countries began to open up 

slowly to competition since 2006, which mainly led to 

the right of free selection of energy suppliers for 

businesses and households, as well as to the separation 

of energy transmission, distribution and supply and the 

creation of an independent energy regulator. 

The liberalization process has also brought regulation 

of certain components of energy prices for households 

and smaller businesses through established regulatory 

bodies whose methods may differ across the V4 

countries. Energy prices in individual countries 

therefore reflect not only political decisions (e.g. VAT 

and other taxes, levies), but also market decisions (e.g. 

final wholesale prices, supplier margins) or regulator 

decisions. 
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Electricity is a specific commodity. As it is not 

efficient to store in terms of high costs, it must 

constantly flow in order to ensure the stability of the 

entire transmission network (balance between 

production and consumption). The demand for 

electricity depends on the weather, the intensity of 

economic activity or daily activities. Thus, if there is an 

increase in demand compared to supply, the price may 

rise several times due to non-storage, creating mostly 

short-term fluctuations and peaks. Compared to other 

markets, the electricity market is defined by its 

characteristic price dynamics, which show daily, weekly 

and annual seasonality, but also the above-mentioned 

sudden short-term fluctuations, which are usually 

unexpected (e.g. as in the case of unplanned shutdown 

of nuclear reactors in France). The liberalization of the 

electricity market, that began worldwide in the early 

1990s and became a key energy objective of the 

European Union, has also contributed to greater price 

dynamics due to increased market competition. 

The aim of this work is to create a suitable 

econometric model of predicting spot electricity prices 

in the Slovak market according to appropriately selected 

variables.  

 

2 Energy consumption in the EU and in 

the V4 countries 

Approximately 2/3 of the total energy available in 

the EU is consumed by end users (citizens, industry, 

transport and other sectors) each year and up to 1/3 is 

lost during generation (consumption of the energy sector 

itself), transformation, distribution or in non-energy 

uses (asphalt, bitumen). [1]   

 
Table 1 Final energy consumption of the V4 countries and 

the EU 28 - comparison of 2000 and 2018 (in %) 

2000 EU 28 SK CZ HU PL 

Petroleum 

products 
42.2 16.9 21.5 25.5 28.4 

Natural gas 24.1 42.0 24.7 40.7 12.1 

Electricity 20.4 19.1 17.0 16.2 15.7 

Other 13.3 22.0 36.8 17.6 43.8 

2018 EU 28 SK CZ HU PL 

Petroleum 

products 
37.0 28.1 27.7 31.8 35.5 

Natural gas 23.1 26.7 21.7 30.7 13.6 

Electricity 22.8 22.5 19.9 19.0 18.2 

Other 17.1 22.7 30.7 18.5 32.7 

Source: Own scheme according to Eurostat data 

Most energy is consumed in the industry and 

manufacturing industries, followed by the transport 

sector, households and services. Solid fuels, a major 

source of energy in the past, have seen the largest 

decline in consumption in recent years, as more and 

more economies are giving up on their use in order to 

reduce their carbon footprint as much as possible. 

Hence, renewable energies are a better solution, but they 

are still in a smaller percentage among other energy 

sources. 

Table 1 shows the final energy consumption in 2000 

and in 2018 with regards to the most represented energy 

sources - petroleum products, natural gas and electricity. 

There were several significant changes in 2018 

compared to 2000. In the EU, petroleum products 

remained dominant, but now with a smaller percentage 

(decline by 5.2%). The share of natural gas also slightly 

decreased, as well as solid fuels (decline by more than 

1%), but on the other hand, the consumption of 

renewable energy (rise by more than 5%) and electricity 

(rise by 2.4%) increased. 

 

3 Electricity in the V4 countries 

Electricity is mainly produced from fossil fuels (e.g. 

coal, oil, natural gas and peat) and nuclear fuels (nuclear 

energy). In a lesser amount, it comes from a variety of 

renewables that offer a cleaner alternative to energy, 

such as wind power, hydropower, solar power, 

geothermal power and biofuels. To illustrate, for 

generation of 1 kWh of electricity is required, for 

example:  

• 0,43 kg of black or 1,30 kg brown coal  

• 0,32 m3 of natural gas  

• 0,28 l of heating oil  

• 0,022 g of natural uranium  

• 43,2 m3 of water falling from 10 m high [2]  

In terms of the amount of greenhouse gas emissions 

produced, is for the environment the cleanest and the 

safest form of electricity (compared to energy from 

fossil fuels) nuclear energy, as well as energy obtained 

from renewable sources. Nuclear fuels provide a much 

higher energy content than fossil fuels, where the 

consumption of 1 kg of uranium equals to the use of 

approximately 20,000 kg of coal, which is their main 

advantage. The price per unit of such energy is quite 

lower in comparison with other sources. There is also 

almost no CO2 production, if we consider not only the 

generation of electricity itself, but also the construction 

of nuclear power plants and the transport of energy. 

However, the idea of a possible accident of a nuclear 

facility and its consequences is particularly frightening 

for the public. Besides, the situation with the safe 

storage of radioactive waste, which is currently a non-

usable material and therefore must be stored in surface, 

below surface or in deep underground repositories, 

remains a global problem. However, the hope in the 

future may be the process of transformation 

(transmutation) of radioactive substances in particle 

accelerators, where this waste would not only be 

incinerated, but could also produce additional energy. 

[3] [4] [5]  
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Likewise, renewables such as hydro, wind and solar 

power produce almost no emissions, if we again 

consider not only their production, but also the 

construction of such power plants and energy transport. 

Another advantage is the low operating costs, but the 

biggest disadvantages include their dependence on 

climate conditions (rainfall capacity, wind strength, the 

amount of sunshine days), high construction costs 

(hydro and wind power plant), low energy content, 

which is associated with the need of a large number of 

facilities to achieve required output (wind and solar 

power), as well as the necessity to build standby 

capacities due to non-reliability of the production (due 

to climate conditions), resulting in a negative impact to 

the end price of the produced electricity. One of the 

renewables are also biofuels, that produce CO2, but in a 

smaller amount than fossil fuels. However, they are 

related to higher costs during construction and operation 

of such power plants. [5] 

3.1 Electricity flows 

Electricity within the V4 countries is largely 

produced by domestic power plants and only a small 

percentage is imported. These two components (import 

and production/transformation) then form the basis for 

final consumption. Excess production is usually 

exported to bordering countries.  

For a more detailed analysis is used table below 

(Table 2), which shows data on selected electricity flows 

of the V4 (in GWh), as well as of the individual V4 

countries (as a percentage of share). 

Table 2 Countries share in the total electricity flow in 

2018 (in GWh and in %) 

 
V4 

(GWh) 

SK 

(%) 

CZ 

(%) 

HU 

(%) 

PL 

(%) 

Import 56 430 22.0 20.5 33.0 24.5 

Production 317 047 8.5 27.8 10.1 53.6 

Electricity 

after 

transformation 
370 995 40.5 26.5 13.6 49.4 

Export 46 612 18.8 54.7 9.1 17.4 

Final 

consumption 
263 831 9.8 22.0 14.9 53.2 

Source: Own scheme according to Eurostat data 

In 2018, the total import of electricity of the V4 

countries represented 56,430 GWh. For comparison, in 

2000 it was only 27,489 GWh, which means an increase 

of more than 100%. The largest amount of electricity 

flowed to Hungary (33%) and Poland (24.5%). The 

production/transformation of electricity in the V4 area 

is many times higher than imports and unlike natural 

gas, that must be imported, countries have their own 

power plants. In 2018, the electricity 

production/transformation was at 317,047 GWh, while 

in 2000 it was slightly lower, 284,997 GWh, which is an 

increase of 11%. From all countries of the V4, the 

largest production of electricity was in Poland (53.6%). 

The Czech Republic accounted for the largest share of 

electricity exports (54.7%). A total of 46,612 GWh was 

exported, which represents an increase of 8% compared 

to 2000 (43,135 GWh). In 2018, the final consumption 

had the highest share in Poland (53.2%), almost half as 

much as in the Czech Republic (22%). Final 

consumption for all countries combined made up to 

263,831 GWh, while in 2000 it was around 198,906 

GWh, which is an increase of 33%. 

Most of the electricity produced in Slovakia in 2018 

was generated by the nuclear power plants in Mochovce 

and Jaslovské Bohunice (55%) (Table 3). In second 

place were power plants burning flammable fuels (28%) 

with the largest share of natural gas, brown and black 

coal. Even though there are many hydropower plants in 

Slovakia, their share in electricity production was 

relatively low (15%), which is mainly due to production 

of low energy content. 

Table 3 Gross electricity production by the type of 

source, 2018 

Energy SK CZ HU PL 

Nuclear 55 % 34% 49% 0% 

Flammable 

fuels 
28% 59% 46% 90% 

Hydro 15% 4% 1% 2% 

Solar 2% 3% 2% 0% 

Wind 0% 1% 2% 8% 

Source: Own scheme according to Eurostat data 

The Czech Republic produced in 2018 the most 

electricity from flammable fuels (59%), as there are still 

many thermal power plants in the area, using mainly 

brown coal (approximately 43%). Followed by nuclear 

energy (34%), which was generated mainly by nuclear 

power plants in Temelín and Dukovany. Most of the 

electricity in Hungary in 2018 was generated by the 

Paks nuclear power plant (49%). Then by power plants 

burning flammable fuels (46%), especially natural gas, 

of which there are still enough in the country (more than 

20). Poland is a country dominated by the production of 

electricity from flammable fuels (91%), mostly coal and 

lignite (78%), which was noticeable also in 2018. 

Unlike other V4 countries, Poland currently has no 

source of nuclear energy. In renewables, the production 

is mainly represented by wind power (8%) and to a 

lesser amount by hydropower (2%). 

3.2 Electricity prices 

In addition to the general macroeconomic situation 

(e.g. inflation or economic growth), electricity prices are 

for the most part affected by the prices of coal, but also 

by other commodities used in the production of 

electricity, as well as the price of emission allowances 
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for CO2. Climate conditions affect consumption of 

electricity more in the summer months, leading to the 

generation of energy from expensive sources, as a result 

of increased demand. Weather also affects the actual 

extraction of commodities or the production of 

electricity itself, especially from renewable sources, 

which are more prone to it. There can also be less 

frequent situations, such as unplanned shutdown of 

nuclear reactors due to failures [6]. 

3.2.1 Electricity prices on wholesale markets 

Within the framework of international markets, 

energy trading is performed mainly on regulated 

markets (power exchanges) through multilateral trading 

facilities (MTF) or over-the-counter (OTC) transactions 

and bilateral agreements, either directly or indirectly. 

In terms of time, there can be long-term or short-

term markets to which are linked related contracts. In 

the long-term electricity markets are traded mainly 

futures and forward contracts, options or contracts for 

difference. However, there is no physical supply of 

electricity, only it's securing at a certain time in the 

future.  

In the short-term electricity markets, an order 

matching system creates the so-called spot price and 

participants trade with the delivery of electricity for a 

few days or hours in advance. 

Within the short-term market we distinguish:  

 Day-ahead market. Orders (purchase/sale 

bids) are placed at least one day in advance for 

each hour of the following day (i.e. 24 periods), 

resulting in a marginal price for these periods. 

 Intra-day market. Trading on a given day in 

case of an unplanned shortage or excess of 

electricity, at least one hour before the delivery. 

 Balancing market. Providing balance 

between electricity consumption and 

production in a country. The traders are 

transmission system operators with the 

delivery of so-called regulating electricity. In 

the Czech Republic terminated as of 31.1.2020 

[7] [8].  

Block orders, such as “base load” (full day delivery, 

i.e. 00:00-24:00), “peak load” (peak delivery, i.e. 8:00-

20:00) or “off-peak load” (off-peak delivery, i.e. 00:00-

8:00 and 20:00-24:00) are traded in these markets. 

Futures contract represents the average of expected spot 

prices, being less volatile. It is generally used as a basis 

for determining the prices paid by final consumers. 
Figure 1 shows the evolution of a electricity market 

price traded on the PXE power exchange, as well as the 

price of emission allowances traded within the EU (via 

Energy Trading System) and coal ARA (next year's coal 

price with supply to Europe ARA - Amsterdam, 

Rotterdam, Antwerp). The development of futures 

contract (electricity PXE, coal ARA) and spot price 

(emission allowances) since 2014 is presented. The 

price of electricity is expressed in euros per unit of 

megawatt-hours (EUR/MWh), for emission allowances 

it is the price in euros per tonne of CO2 (EUR/t CO2), 

for coal the price in dollars per tonne (USD/t).  

 

Figure 1 Development of electricity prices on PXE power 

exchange, emission allowances and coal prices between 

years 2014-2020 

As mentioned, the wholesale electricity price is 

affected by various factors. Therefore, to reflect these 

dependencies, the emission allowances prices were 

selected, which producers also include in the price of 

electricity itself, and the price of coal, as they are the 

most significant. At first glance, the dependence 

between emission allowances and electricity can be 

seen, as their development was only mildly fluctuating 

from 2014 to the end of 2015, in comparison to coal. At 

the beginning of 2014, the price of electricity was at €35 

per MWh, the price of emission allowances was at €5 

per tonne of CO2 and the price of coal was at $81 (€59) 

per tonne. The price of electricity had a rather declining 

trend during the following periods, however, from 2016 

started to rise gradually. On the one hand, it was the 

warmest year in recent period, but there was also a 

temporary shutdown of 20 nuclear reactors in France 

during autumn, which caused an increase in electricity 

prices, as well as price of coal, as an alternative to 

nuclear power. The growth did not stop even in 2017, 

when the electricity price was climbing up due to cold 

weather at the beginning of the year and also because of 

other problems in French nuclear reactors, which again 

caused an increase in demand for coal and gas due to 

substitution of electricity production from these sources, 

that drove prices of coal very high. Also, the drought in 

Scandinavia and Southern Europe during the year 

reduced electricity production from renewable sources 

and increased overall electricity consumption because 

of the use of air conditioning. In 2018, the growing trend 

continued and at the end of the year it reached its long-

term maximum, the price for electricity was at almost 

€56 per MWh, which was the highest price in the last 9 

years. This growth was first driven by the growth of 

coal, but also by the prices of emission allowances, 

which goal is to gradually reduce CO2. The year 2019 

was led by the greatest volatility in electricity prices, 
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coal had a declining trend mainly due to its large 

reserves. In the second half of the year, it was the hot 

summer that caused prices to rise. The fall in the prices 

of emission allowances, electricity and coal in August 

resulted from fears of the signalled arrival of the 

recession, but the prices began to rise again in 

September. Due to the high temperatures, there were 

also problems with nuclear reactors in France, where the 

river water used to cool the reactors could no longer be 

used due to its higher temperature, resulting in reduced 

reactor power and replacement of electricity production 

with coal, which also contributed to the rising prices in 

international markets and increased demand for coal and 

emission allowances, whose prices have almost tripled 

since the end of 2017. The expected Brexit has also led 

to a negative mood in the markets. In 2020, however, 

markets were affected by the threat in a form of 

coronavirus, which pushed prices down. As of 

31.3.2020, the electricity price was at €40 per MWh, the 

price of emission allowances was at €18 per tonne of 

CO2 and the price of coal was at $50 (€46) per tonne [6] 

[9] [10] [11]. 

3.2.2 Electricity prices on retail markets 

Electricity prices on retail markets are partially 

influenced by wholesale prices, but due to market 

liberalization and regulation, which aims to protect 

consumers and ensure competitiveness among suppliers 

on the domestic market, lower rates are offered or a 

maximum price cap (or other form of regulation) is set 

for households, as well as for smaller businesses - the 

so-called vulnerable customers. Electricity retail prices 

thus differ between suppliers, so in general, there is no 

universal price. For large consumers, such as industries, 

prices may be the result of negotiated contracts, on the 

other hand, for smaller consumers are usually set 

according to the quantity consumed together with a 

number of other aspects. Therefore, in addition to the 

price of the energy itself, the final price of electricity 

also includes charges for transmission, distribution, 

storage or other services, as well as taxes or levies. 

However, it also depends on a number of other factors, 

such as seasonality and the influence of weather, when 

consumption is also affected, or economic growth or 

inflation. [12]  

 

The electricity price for the final consumer consists 

of several components: 

 price of energy and supply;  

 network costs;  

 value added tax (VAT);  

 renewable taxes; 

 other taxes, fees and levies. 

 

The development of final electricity prices in the 

internal markets of the V4 countries in recent time is 

shown in Figure 2 for households, for businesses in 

Figure 3. To express the movement of these prices, there 

were used data from Eurostat according to the size of 

annual consumption. We worked only with the category 

of customers with medium consumption: 

a) households DC (2500 kWh – 5000 kWh),  

b) businesses IC (500 MWh – 2 000 MWh). 

As non-household consumers are usually entitled to a 

refund of VAT and certain other taxes, their final prices 

are presented without them. For households, all taxes 

and fees are included in the displayed prices (Figure 2). 

The unit of electricity price is the unit expressed in euros 

per kilowatthour (EUR/kWh). 

 

 
 

Figure 2 Development of electricity prices for households 

Source: Own scheme according to Eurostat data 

 

From the V4 countries (but also compared to the EU 

28 average), Hungary has the lowest long-term prices 

for medium-sized households, with the highest share of 

the "energy and supply" component, as well as the 

"network costs" in the total electricity price, what rather 

affects the final price and thus we can say, that Hungary 

has the lowest electricity prices for medium-sized 

households, despite the highest VAT among the other 

V4 countries. The second lowest prices are currently in 

Poland, which in the first half of 2019 reached a price 

almost identical to the EU 28 average, on the other hand 

the Czech Republic and Slovakia are among the 

countries with the highest electricity prices in this 

category and significantly outrun the EU 28 average. In 

the first half of 2019, the Czech Republic was even more 

ahead of Slovakia, although they had a very similar 

price development since 2016. These countries differ 

mainly in the amount of VAT and the method of price 

regulation - Slovakia, the Czech Republic and Hungary 

apply different stimulating methods or their 

combinations, while Poland applies non-stimulating 

methods. In Slovakia and Poland, taxes, fees and levies 

have the largest share in the final electricity price. In the 

Czech Republic and Hungary, it is the price of energy 

and supply, but network costs are also very important in 

all countries. In terms of prices in the first half of 2019 

compared to the first half of 2014, the largest change 

was in the Czech Republic, when prices increased by 

almost 26%, in Slovakia prices increased by less than 

5%. On the contrary, a decrease in prices of more than 
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5-6% occurred in Hungary and Poland. We can also 

notice the increase in prices in the all V4 countries after 

the first half of 2016 (in the Czech Republic after the 

first half of 2015), which in some countries continued in 

the following periods. Year 2016 was the warmest year 

since 1880, which led to a higher electricity 

consumption due to the increased use of air 

conditioning, but also to the rise in hydropower prices 

due to the severe drought. Emission allowance prices 

have also risen and there have been several problems 

with nuclear reactors in France, causing greater demand 

for coal and natural gas, which led to higher wholesale 

prices, forcing regulators to increase next year's 

regulated energy prices. In 2017, the electricity price 

was again pushed up by cold weather at the beginning 

of the year, that also caused a boost in demand for non-

renewable energy sources and thus a further increase in 

the prices of emission allowances. The growing trend on 

international markets did not stop even in 2018, when 

prices reached long-term highs, which was seen 

especially in the Czech Republic and Slovakia [13]. 

 

 
 

Figure 3 Development of electricity prices for businesses 

Source: Own scheme according to Eurostat data 

 

In the long-term, Slovakia has the highest electricity 

prices for businesses, which are currently above the EU 

28 average (Figure 3). Poland together with Hungary are 

in second place followed by the Czech Republic, which, 

on the other hand, has the lowest long-term prices for 

this category of customers. In comparison with prices in 

the first half of 2019 and the first half of 2014, the 

largest change occurred in Poland where prices rose by 

almost 22%. The price increase also affected Slovakia 

(12%) and, to a lesser extent, Hungary (6%). However, 

in the Czech Republic there was an overall decrease in 

prices by nearly 7%. As mentioned, these prices do not 

include taxes, charges or VAT, so the price of the energy 

and supply, as well as the network costs, which vary 

considerably between countries, have the greatest 

impact on the change in prices. Although, they are also 

affected by the situation in international markets, since 

2014 the price of a commodity has been declining, but 

from 2016 has been gradually rising, which was then 

reflected in retail prices. The year 2016 was the warmest 

year, but during the following periods there were several 

factors, that affected the electricity price in the markets, 

such as the shutdown of nuclear power plants in France, 

cold weather in early 2017, or substitution of nuclear 

power by coal and natural gas. 

4 Electricity price forecasting 

In recent years, a variety of different methods and 

models have been developed for electricity price 

forecasting, each of which has its strengths and 

weaknesses and thus a different degree of success. In 

general, many of the approaches use the so-called hybrid 

solutions, combining various modeling and price 

forecasting techniques [14]. 

4.1 Selection and definition of relevant 

variables - studies overview  

According to Bunn and Karakatsani (2003), the 

development of electricity price forecasting models took 

a new turn after the 1990s, as until then prices had been 

subject to monopolies, often state-owned, or subject to 

strict regulation. Therefore, the price of electricity 

mainly reflected the government's social and industrial 

policy, so the price forecasts focused more on costs, i.e. 

the prices of input fuels, technological innovations and 

production efficiency. In their work they focused on 

different approaches to modeling and predicting spot 

prices where they also mentioned several possible 

influencing factors, which they classify as: 

 market mechanism (fuel prices, demand),  

 market structure (e.g. margin),  

 non-strategic uncertainties (demand forecast 

error), 

 efficiency variables (volume, availability 

indices), 

 behavioral variables (price volatility, demand 

volatility, time, lagged price) 

 time effects (daily, weekly, yearly seasonality).  

They also indicated, that despite the ongoing 

liberalization, the effects of government policies on 

electricity prices should not be underestimated [15].  

A more extensive study on modeling energy prices 

development (electricity and gas) using econometric 

analysis is from Breitschopf et al. (2016). This study 

examines the impact of certain variables on electricity 

spot prices in Europe using linear regression. The 

independent variables in the model are (among others): 

 the share of various energy sources in 

electricity generation, 

 commodity prices (coal, oil, natural gas), 

 emission allowance prices, 

 market behavior (competition, regulation, 

liberalization), 

 consumption, 

 deflator (GDP), inflation rate, 
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 exchange rate,  

 heating/cooling degree days [16]. 

In a similar study by Gonçalves, Ferreira, Odete 

(2019), future electricity spot prices in the integrated 

market of Spain and Portugal are predicted using linear 

regression. The used independent variables are:  

 energy sources,  

 electricity import-export balance,  

 electricity consumption,  

 heating/cooling degree days, 

 the share of renewables in electricity 

generation, 

 industrial production index,  

 Brent crude oil price [17]. 

Another study from Italy (Gianfreda, Grossi, 2012), 

examines how the following variables affect electricity 

spot prices:  

 technology,  

 market concentration,  

 network congestion, 

 volume (consumption) [18]. 

Singh and Mohanty (2015) consider the following 

variables to be important: 

 demand,  

 weather conditions,  

 fuel costs,  

 emission allowance prices,  

 available transmission capacity and 

 generation reserve in case of higher demand 

(e.g. during peak hours) [19]. 

4.2 Econometric model of electricity spot price 

development in Slovakia – input variables  

The used data are in a form of time series, i.e. the 

individual variables are observed over a period of time - 

in our case monthly data for a period of four years - to 

ensure a sufficient number of observations, which will 

increase the accuracy of the model. As time series often 

show a certain trend or seasonality, a second-order 

exponential smoothing (for variables with a trend) and 

third-order exponential smoothing (for variables with a 

trend and seasonality) were used to adjust them. The 

electricity spot price on the Slovak short-term market 

was then selected as the dependent (explained) variable 

and the goal is its forecast for the upcoming periods. The 

decision for spot price is explained by the fact, that most 

statistical models focus on spot prices rather than 

derivative prices due to the fact, that derivative prices 

are not easy to predict, as they also reflect the investor's 

relative risk aversion and risk costs, but it can also be 

only a speculative trade. Spot prices reflect supply and 

demand in real time, i.e. the physical supply of 

electricity in a very short period (e.g. several hours, a 

day). Therefore, electricity spot price modeling with 

econometric techniques needs to capture as many 

factors, that influence current supply and demand, as 

possible. However, the question arises, as to which 

variables should be included in the model. It is therefore 

necessary to identify and include all relevant variables 

and, on the other hand, to not include unnecessary, 

irrelevant variables. We select only those variables, that 

are closely related to the explained variable. 

The explained variable in our econometric model is 

the electricity spot price on the Slovak short-term 

cross-border market, organized by OKTE, JSC. This 

market interconnects individual participants, enabling 

them to cover their supply or demand for electricity on 

a daily basis, thus reducing the deviation between the 

planned and actual value of electricity supply/demand, 

ensuring a stable and balanced transmission of 

electricity in the grid.  

Based on the studies mentioned in Chapter 4.1, the 

following variables were selected as input (independent) 

variables (Table 4):  

 amount of electricity produced,  

 share of renewables in electricity generation, 

 electricity consumption, 

 market prices of input commodities (natural 

gas, coal, oil),  

 emission allowance prices, 

 inflation (HICP).  

The aim of the model is to predict the development 

of electricity spot price for the upcoming months. 
 

Table 4 Selected variables of the econometric model for 

electricity spot price forecasting in Slovakia 

Source: own scheme 

Production of electricity. The price of electricity 

depends mainly on the available quantity produced by 

power plants in the country. In case of increased demand 

(during peak hours) or failure of one of the sources, the 

production is immediately replenished by another 

source to ensure the balance in the power grid, but at the 

same time, the price is affected as a result of this change 

Dependent variable Label 
Unit of 

measure 
Source 

Spot price of 

electricity  
CENA EUR/MWh OKTE 

    

Independent 

variables 
Label 

Unit of 

measure 
Source 

Production of 

electricity 
PROD MWh OECD 

Share of renewables  OBN % OECD 

Electricity 

consumption  
SPOTR MWh OECD 

Brent crude oil 

price 
ROPA EUR/barrel Kurzy.cz 

Coal price UHLIE EUR/t Investing.com 

Price of natural gas  PLYN EUR/MWh Kurzy.cz 

Price of emission 

allowances 
EMISIE 

EUR/t 

CO2 
Investing.com 

HICP inflation  INFL % Eurostat 
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(e.g. replacement by coal leading to increased demand 

for coal, its price and therefore the price of electricity). 

As mentioned, nuclear, solar and wind power are in the 

long run suitable for producing a stable amount of 

electricity, while other sources (e.g. hydropower, 

natural gas, coal) can adapt to changes in demand more 

quickly and satisfy it, if increased.  

Share of renewables. In Slovakia, as in other 

countries, there is a gradual increase in the share of 

additional energy sources (renewables) in electricity 

production, which together with their technological 

development helps to reduce wholesale electricity 

prices. Within Slovakia, hydropower has the largest 

share. In 2018, hydropower accounted for 15% of the 

electricity produced, solar power for only 2% and wind 

power for only an insignificant amount.  

Electricity consumption. Consumption is the 

difference between production and possible distribution 

losses together with the consumption of a pumped 

storage plant, so it is largely equal to production itself, 

as supply and demand for electricity must be balanced, 

as storing electricity is not economic and must flow 

constantly. The demand for electricity is also associated 

with seasonality, whether of the season, when 

consumption is higher in colder months or conversely in 

warmer months, it is also higher during weekends, 

holidays, or during peak hours - from 8:00 to 20:00.  

Brent crude oil price. Coal price. Natural gas 

price. Even though a large amount of electricity in the 

world is produced by hydropower or nuclear power, 

some countries use fossil fuels still in significant 

amount: natural gas, coal or oil. Slovakia is no exception 

and the prices of input fuels alone create the largest 

share of energy production costs. Therefore, the price of 

ARA coal, Brent crude oil and natural gas on the PXE 

power exchange is important for Slovakia. 

Price of emission allowances. Emission allowances 

for emitting CO2 represent a way of regulating 

businesses, which, for example, in the production of 

energy (especially from fossil fuels) create greenhouse 

gases. A maximum value is set for pollutant discharges 

over a period of time, which must not be exceeded. If 

the company does not produce such a large amount of 

emissions, it can sell its "surplus" to another company, 

that has a shortage. The prices of emission allowances 

are an important factor, as they can be directly included 

in the wholesale electricity price by producers, therefore 

influencing the price. 

HICP inflation. The Harmonized Index of 

Consumer Prices is an economic indicator, that provides 

the official rate of consumer price inflation in the euro 

area. It measures the change over time in the prices of 

consumer goods and services acquired by households. 

Therefore, it also includes electricity prices.  

The dependence intensity between selected 

indicators and between dependent variable CENA is 

shown by the correlation matrix (Table 5). CENA has 

the strongest correlation with the variable PLYN (r = 

0.72), a medium dependence with the variable OBN (r 

= -0.58) and UHLIE (r = 0.52) and a mild dependence 

with the variable ROPA (r = 0.45). The correlation 

between electricity spot price (CENA) and prices of gas 

(PLYN), oil (ROPA) and coal (UHLIE) is positive, 

which means, that if the price of fossil fuels rises, so 

does the price of electricity. On the contrary, the 

dependence on the share of renewable energy sources 

(OBN) is negative, which means, that the higher the 

share of renewable energy sources in electricity 

production, the lower the price. The correlation between 

other variables and electricity spot price is not 

statistically significant, so it is not relevant to use them 

in the econometric model. 

Table 5 Correlation matrix of variables selected for 

econometric model 

 
Source: own calculation 

4.2.1 Model selection 

In this paper we propose a single-equation model of 

multiple linear regression, which is the most widely 

used econometric model examining the effect of several 

independent variables on one dependent variable, in the 

following form: 

𝑦𝑖 = 𝛽0 + 𝛽1𝑥1𝑖 + 𝛽2𝑥2𝑖 + ⋯ + 𝛽𝑘𝑥𝑘𝑖 + 𝑢𝑖           (1) 

where:  

𝑦𝑖  – dependent variable  

𝑥1… 𝑘,𝑖 i – explanatory variable  

𝛽0 – intercept (constant term) 

𝛽1… 𝑘 – regression coefficient 

𝑢𝑖 – random variable (error term) [20] 

 

Based on the observations, we then constructed the 

model itself. Several combinations of independent 

variables were tested, considering the dependence on 

the electricity spot price, from which 10 models 

emerged. We subjected each model to the information 

criteria AIC (Akaike information criterion) and BIC 

(Schwarz information criterion) and selected only the 

most suitable models. Model_5 is the best model 

according to both information criteria, model_1 is the 

second best: 

 

1. model_5: dependence of electricity spot price on 

gas and coal prices and on the share of renewables: 
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𝐶𝐸𝑁𝐴𝑖 = 𝛽0 + 𝛽1𝑃𝐿𝑌𝑁𝑖 + 𝛽2𝑂𝐵𝑁𝑖 + 𝛽3𝑈𝐻𝐿𝐼𝐸𝑖 + 𝑢𝑖    (2)  

 

2. model_1: dependence of electricity spot price on 

the prices of gas, coal and oil and on the share of 

renewables: 

 
𝐶𝐸𝑁𝐴𝑖 = 𝛽0 + 𝛽1𝑃𝐿𝑌𝑁𝑖 + 𝛽2𝑂𝐵𝑁𝑖 + 𝛽3𝑈𝐻𝐿𝐼𝐸𝑖

+ 𝛽4𝑅𝑂𝑃𝐴𝑖 + 𝑢𝑖                                     (3) 

 
We subjected both models to statistical tests, using 

only the proper one for prediction. 

4.2.2 Statistical testing of econometric model 

When testing the statistical significance, as well as 

individual variables in both models, we concluded, that 

the variable ROPA in model_1 is not statistically 

significant, so it is necessary to remove it, which gives 

us model_5. The result of testing the statistical 

significance of model_5 is shown in Table 6. All three 

regression coefficients are statistically significant, also 

the model itself (p-value <0.05). In addition, 75% of the 

dependent variable CENA depends on listed 

independent variables (coefficient of determination = 

0.75).  

Table 6 Results of testing statistical significance of model_5 

 Beta t  p-value 

(Intercept) 10.604 1.126 0.268 

PLYN 1.908 5.082 0.000015 

OBN -73.521 -4.274 0.000161 

UHLIE 0.215 3.206 0.003051 

p-value for model_5 9.203e-10 

Coefficient of 

determination 
0.750 

Source: Own calculation in R 

The interpretation of the estimated Beta regression 

coefficients is as followed:  

 PLYN estimate: positive dependence; if PLYN 

increases by 1 €/MWh and other factors remain 

unchanged, CENA will increase by 1.91 €/MWh. 

 OBN estimate: negative dependence; if OBN 

increases by 1% and other factors remain 

unchanged, CENA will decrease by 73.52 

€/MWh. 

 UHLIE estimate: positive dependence; if COAL 

increases by 1 €/t and other factors remain 

unchanged, CENA will increase by 0.22 €/MWh. 

 

To verify correctness and reliability of the proposed 

model, we tested the following hypothesis with 

appropriate statistical tests:  

 Residual normality - zero mean and normal 

distribution of random variable 

 Homoscedasticity – constant variance of 

random variable 

 Absence of autocorrelation of random variable 

 Absence of multicollinearity - explanatory 

variables in the model are linearly independent 

 Correct specification 

 

The assumptions were all met. Thus, the chosen 

model is suitable for modeling electricity spot price 

development in the short-term.  

Using RStudio software, we created forecasts for 

individual input variables for the next three months of 

2020. Then, based on these predictions, we proceeded 

to predict electricity spot price with this model. 

 
Table 7 Forecasts of individual explanatory variables and 

forecast of dependent variable - first three months of 2020 

 
 

January 

2020 

February 

2020 

March 

2020 

Direction 

of 
change 

Dependence 

on GDP 

PLYN 20.76 20.84 20.93 ↑ positive 

OBN 0.2174 0.2156 0.2139 ↓ negative 

UHLIE 54.21 53.42 52.63 ↓ negative 

CENA 45.88 46.00 46.13 ↑  

Source: Own calculation in R 

We can notice in Table 7, that the model predicted a 

gradual month-on-month increase in gas prices and, on 

the other hand, a decrease in the share of renewables and 

coal prices, which then affected the development of 

electricity spot price.  

 

 
 

Figure 4 Monthly development of electricity spot price in 

Slovakia since 2017, considering results and predictions of 

model_5 

Source: Own calculation in R, data from OKTE 

 

The result is shown in Figure 4, which displays the 

development of the average monthly spot price in the 

Slovak short-term market since 2017, as well as the 

interval estimate (95% confidence interval) and point 

estimate of these prices and their next predictions, using 

model_5. However, we remind, that this model explains 
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only 75% of the total variability of the dependent 

variable, so we cannot consider it accurate and 

therefore, it is not advisable to make long-term 

forecasts, as it does not reflect the influence of all factors 

or possible unexpected shocks. 

As we can see, the model's point estimate largely 

imitated the development of real electricity spot prices, 

but its predictions were overestimated. We compared 

them with the actual values in the given months 

(January, February, March) of 2020. In January, the 

model predicted a price increase to approximately 45.88 

€/MWh (95% confidence interval 35.42-56.33 €/MWh) 

and the actual value at that time did increase, but only to 

44.37 €/MWh. In the following two months, the 

predicted prices were higher than actual prices - the 

model predicted a further increase, which did not take 

place due to coronavirus pandemic outbreak. In fact, 

prices in oil, emission allowances, gas and coal markets 

fell, which was also reflected in electricity spot price in 

the short-term market. Electricity consumption 

decreased too, which was caused by warmer weather in 

January (+ 0.4°C) and February (+ 1.5°C), compared to 

previous year. Even though March was slightly colder  

(-2.2°C) than the last year, with the arrival of restrictions 

on preventing coronavirus spread, many institutions, 

schools, offices began to close temporarily, leading to a 

significant reduction in electricity consumption, 

especially in the industrial sector, despite the fact that 

household electricity consumption has increased at the 

same time. Household consumption could not fully 

compensate for this decline. During one day in March 

(22.3.2020), the spot price even fell to -0.98 €/MWh, 

when producers (or other participants) had to pay for 

"getting rid" of their electricity. 

 

5 Conclusions 

The paper focused on evaluation of electricity prices 

development in the Visegrad Four (V4) countries 

between 2014 and 2019 and on the prediction of 

electricity spot prices in Slovakia. The results were 

obtained on the basis of an econometric model with 

three initial measured parameters - Brent crude oil price, 

coal price and share of renewables. The model used 

monthly data over the years 2017-2019, gathered from 

Eurostat databases. 

The results show that the theoretical values of 

electricity prices calculated according to our proposed 

econometric model approximately copied the actual 

values. Within two variables, the model showed a 

positive dependence on the explained variable, i.e. an 

increase in gas prices (with other factors unchanged) 

and coal led to an increase in the electricity spot price, 

while an increase in the share of renewables led to a 

decrease in spot prices. This can be considered as 

expected behavior, as rise in market prices of 

commodities, that are also input sources in electricity 

generation, will lead to higher electricity production 

costs, which will increase the spot price itself. On the 

contrary, bigger share of renewables leads to lower spot 

prices, as such generators are usually less expensive 

from an operational point of view and due to 

technological progress, also there are also various forms 

of financing and support from the government. As for 

the forecast, the model predicted a gradual month-on-

month increase in gas prices and a decline in the share 

of renewables and coal prices, which also affected the 

overall development of electricity spot prices.  

The model estimated correctly only the development 

in the first forecasted period (January 2020), which 

differed from the actual price by only a few cents. In the 

next two periods (February and March) there was 

supposed to be a slight increase in prices, which did not 

take place due to the coronavirus pandemic outbreak in 

the world.  

Yet, we think that this model can be used for a rough 

estimate of electricity spot price development in 

Slovakia. 
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