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Abstract

:

Electricity prices have been exceptionally volatile in recent years. In 2022, we witnessed a sharp increase in electricity prices in many countries. Several factors contributed to this, including reduced electricity production by hydropower plants due to climatic conditions and geopolitical situations around the world, amongst other factors. The research presented in this paper aims to analyze electricity price data and determine the parameters CPS (Capacity Payment Scheme) and CRS (Capacity Remuneration Scheme). These parameters are calculated from hourly data on a monthly basis from 2018 to the present. Determining these parameters provides a clearer understanding of the efficiency of utilizing photovoltaic power plants. However, the results indicate that identical CRS values can signify different situations in the electricity market. Given the current support for projects utilizing photovoltaic energy, the research findings may offer insights into the future direction of photovoltaic energy utilization. If CRS and CPS show positive trends (e.g., increasing values), this may suggest that current political measures (subsidies, supports, etc.) are effective. Policymakers could then strengthen or expand these measures. The research outcomes could shape the geopolitical situation in individual states. The research results show how differences in electricity prices in 2022 compared to pre-2022 affected CSP and CRS parameters. The findings also indicate that electricity prices vary across different countries, which naturally impacts the calculation of CPS and CRS. In 2024, a significant decline in CRS was observed across all analyzed countries, which may indicate issues with integrating solar energy into the market, market saturation, or changes in market dynamics.
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1. Introduction


Geopolitical situations, such as the war in Ukraine, have had a significant impact on global energy prices. Michelet (2022) and Rudolph and Damien (2023) point out that sanctions against Russia and restrictions on gas and oil supplies have caused a sharp increase in electricity prices in Europe. Additionally, climate extremes such as heatwaves and droughts have affected renewable energy production, further contributing to price volatility [1,2].



The production of electricity from renewable sources, especially by photovoltaic (PV) power plants, has experienced significant growth over the past decades. This trend is driven by global efforts to reduce greenhouse gas emissions, decrease dependency on fossil fuels, and ensure energy security. PV technologies have become an integral part of the energy mixes of many countries, with their share in total electricity production continuously increasing [1].



In addition to technological advancements, political and economic factors also play a crucial role. Many governments worldwide have implemented supportive policies and incentives to promote the installation of PV systems. These measures include subsidies, tax credits, guaranteed purchase prices for electricity generated from renewable sources (known as feed-in tariffs), and various forms of support for research and development in the field of renewable energy.



In recent years, a significant number of hours with negative electricity prices have been recorded, which has had a considerable impact on the profitability and economic efficiency of electricity sources. In [3], it was reported that in Australia, 6886 instances of negative electricity prices were observed from 2016 to 2020, primarily due to the penetration of PV and wind power plants [4]. However, numerous publications highlight the impact of various types of electricity sources on electricity prices. In [5,6,7,8,9], the authors point out that not only renewable energy sources increase the volatility and price of electricity in the market; for example, the construction of small hydropower plants can also reduce the price of electricity. Many publications address the issue of creating different models for predicting electricity prices. The article [10] examines the use of Gradient Boosting Machine (GBM) models for predicting electricity prices in the Irish market. It shows that GBM models, specifically XGBM and LGBM, can predict electricity prices with better accuracy, thereby extending forecast horizons. In [11], the authors investigated the use of linear regression for predicting electricity price trends, albeit with not very high accuracy. The most commonly used methods for predicting electricity prices are stochastic time series, causal models, machine learning, and artificial intelligence-based models [12,13,14,15,16,17,18,19].



Producers and buyers meet on the exchange, where prices are determined for each hour a day in advance. It is possible to predict the price of electricity with a certain probability, but prediction is still not entirely accurate. However, what we do know is that once the price is set on the exchange, sellers know how much they will earn for each MWh produced. Given that a single price is set for each hour, not every producer has the same profit per MWh produced. This is due to different operating costs. PV and wind energy sources have the lowest operating costs. Additionally, the generated electricity must be delivered to the grid. Given that electricity prices have been highly volatile in recent years, it is not possible to predict in advance the profit that a power plant will generate. However, there are indicators that can give us a clear idea of this—CPS and CRS. These indicators are relevant for several reasons:




	
The cost of a project is significantly influenced by its procurement price, as this determines its financial value through its ability to generate revenue.



	
Capture Price defines the value of specific technologies within a particular geographical location.



	
Predicting Capture Price is one of the most important elements in conducting financial modeling analysis for investment decisions.








From the above, it follows that investment costs are essential information. This information is necessary to start considering future projects. In the case of PV power plants, which this contribution focuses on, the situation has changed in recent years. One of the reasons is the fact that the prices of photovoltaic systems have decreased and thus become more affordable. In Figure 1, the trend of installed PV capacity from the year 2000 to 2022 is shown. For comparison, Table 1 provides the installed photovoltaic capacity for individual years across the world. The largest increases in installed PV capacity occurred in the years 2008, 2010, and 2011; these years recorded a year-on-year increase of more than 170 percent. From Table 1 and Figure 1, it can be seen that from the year 2000 to 2022, there was a significant increase each year. Not a single year in the period from 2000 to 2020 recorded a decrease in the installed capacity of PV power plants worldwide [20].




2. Analysis of Electricity Price Trends


The massive expansion of PV in Europe is motivating component suppliers to expand their manufacturing capacities for PV modules, which are primarily concentrated in China. While previous years have seen a supply shortage due to various factors, the current situation is the opposite. Chinese manufacturers are producing so many PV panels that they are causing a global surplus. Up to 80 percent of global PV production is based in China. The sheer volume of panels produced, coupled with weaker demand, has led to a sharp decline in their prices. Presently, these panels have flooded the market and become so inexpensive that some people in the Netherlands and Germany are using them to clad fences. The improved availability and low cost of panels are also motivating households to install small solar power plants on their rooftops. Overall, PVs have become a more accessible and attractive option for households, leading to increased interest in their installation. The price of PV panels has significantly decreased in recent years. According to [21], the price per 1 Wp dropped from 1.4 USD/W in 2011 to less than 0.2 USD/W (see Figure 2). The boom in solar energy did not start by chance. During times of energy crises, many households began looking for options to reduce their expensive energy bills, with installing solar panels being one of the primary choices [21,22,23,24].



Electricity prices in 2022 reached significant peaks due to a combination of multiple factors. These factors included geopolitical events, increased energy demand, supply chain disruptions, and climatic conditions. A detailed analysis of electricity price trends in 2022 reveals that one of the most significant factors influencing electricity prices was the war in Ukraine. This crisis led to substantial disruptions in the supply of natural gas and oil from Russia—a major energy supplier for Europe. Sanctions imposed on Russia and restrictions on gas supplies caused a sharp increase in energy prices on global markets. Since natural gas is often used for electricity generation, the rise in its price directly impacted the costs of electricity production.



Following the lifting of pandemic restrictions in 2021, there was a significant revival in economic activity, which increased energy demand. Industrial sectors sought to make up for lost time and ramped up production, leading to higher electricity demand. This increased demand contributed to higher prices, as supply could not keep pace with the growing needs. The COVID-19 pandemic caused significant disruptions to global supply chains, resulting in shortages of critical components and materials necessary for the production and distribution of electricity. The shortage of components, such as semiconductors and other technologies, affected the manufacturing and maintenance of energy infrastructure, subsequently impacting the stability and reliability of electricity supplies.



Extreme weather conditions also contributed to elevated electricity prices. In 2022, several extreme heatwaves and droughts were recorded, affecting the production of electricity from renewable sources, such as hydroelectric power plants. Figure 3 shows the electricity generation trends from hydropower plants in Europe for the years 2022, 2023, and 2024. The data confirm the aforementioned statement about 2022. The year 2024 currently records the highest levels of electricity generated by hydropower plants.



Reduced production from renewable sources increased dependence on fossil fuels, whose prices were already high due to supply disruptions. Within the European Union Emissions Trading System (EU ETS), there was an increase in the price of emission allowances in 2022. This system is designed to incentivize the reduction of greenhouse gas emissions, but the rise in allowance prices increased the cost of electricity production from fossil fuels. This contributed to the overall increase in electricity prices on the market.



The rise in electricity prices has spurred a significant increase in investments in solar panels and energy storage technologies. This trend is particularly evident in countries where electricity prices reach high levels, making the installation of solar panels more economically advantageous. Households and businesses are seeking ways to reduce their energy costs, and one of the most effective solutions is investing in renewable energy sources.



Nguyen et al. (2023) emphasize that battery systems are key elements of these investments. Battery systems allow for the storage of excess energy produced by solar panels during periods when production exceeds consumption, such as on sunny days. This stored energy can then be used or sold back to the grid during times of higher electricity demand, achieving higher market prices [25].



This approach has several significant advantages. First, it allows for the maximization of the use of produced solar energy and minimizes losses. Second, it increases the profitability of solar projects by enabling the sale of electricity at higher prices during peak demand times. Third, it reduces dependence on fluctuating electricity prices in the market, providing greater stability and predictability of income for solar power plant owners [25].



Investments in energy storage technologies are therefore essential for the effective use of renewable energy sources. They provide flexibility and adaptability to market conditions, enhancing the overall economic efficiency of solar projects. These technologies also contribute to the stability of the power grid and help reduce the load on traditional energy sources during peak demand periods [25].



In summary, investments in battery systems represent a strategic step towards improving the sustainability and economic viability of solar energy. As research by Nguyen et al. (2023) shows, properly implemented energy storage technologies can significantly contribute to the development and success of solar projects in a dynamically changing energy market [25].



The rise in energy prices also motivated many European households to install solar panels on their rooftops, enabling them to save on bills and sell green electricity back to the grid. The high interest among Europeans in owning small solar power plants spurred an expansion in manufacturing capacities. This gradually led to a decrease in the prices of components, especially PV panels. The massive demand for panels eventually subsided, but manufacturers continued their increased production. The higher supply and lower demand meant that prices fell. Consequently, inexpensive solar panels gradually flooded the market. According to estimates by the International Energy Agency, the global supply of solar panels is expected to reach 1100 gigawatts by the end of the year, which is three times the current demand forecast.




3. The Scientific Basis for the Further Analyses


In the context of the transition to renewable energy sources, understanding the economic factors that influence electricity prices is crucial. One important concept is CPS, which measures the rate at which solar power plants can sell their produced electricity on the market. The economic efficiency of PV power plants is often evaluated through the parameters CPS and CRS. Zhang et al. [24] state that these parameters are crucial for assessing the profitability of solar projects. CPS is the average price at which solar power plants sell their products, while CRS determines how much of the market a solar power plant can “capture” compared to the average market price of electricity [22].



CPS is the average price at which solar power plants sell electricity on the market. CPS values can be calculated as follows [22,26,27,28]:


  C a p t u r e   P r i c e   f o r   S o l a r   ( C P S ) =    T o t a l   R e v e n u e   f r o m   S o l a r   E l e c t r i c i t y   T o t a l   A m o u n t   o f   S o l a r   E l e c t r i c i t y   P r o d u c e d      ( € / M W h )  



(1)




where Total Revenue from Solar Electricity is the income earned from selling electricity generated by solar power plants and Total Amount of Solar Electricity Produced is the quantity of electricity generated by solar power plants that is sold on the market.



This price can differ from the average market price of electricity because it depends on various factors, such as the timing of electricity production, demand and supply, and specific conditions in the electricity market. Thus, the Capture Price serves as an indicator that measures the economic value of solar energy in real time. CPS is a critical parameter for solar power plant operators and investors, as it directly impacts their revenues and the economic viability of projects.



If the Capture Price is high, this means that PV power plants can sell their electricity at more favorable prices, enhancing their profitability and encouraging further investment in solar energy. Conversely, a low Capture Price can signal market issues, such as an oversupply of solar energy during certain times of the day, leading to price reductions. This is particularly relevant in regions with a high share of PV power plants, where prices may drop during peak solar production periods [25,27,28,29].



A high Capture Price indicates that solar energy is being sold at higher prices, which can contribute to increased wholesale electricity prices. This can positively impact the profitability of solar projects but may also raise costs for end consumers. On the other hand, a low Capture Price suggests a lower market value for solar energy, potentially reducing overall wholesale electricity prices. This effect can benefit consumers, who pay less for electricity, but can be detrimental to solar power plant operators, who face reduced revenues.



One of the key factors affecting the Capture Price is the variability of solar energy. During sunny days, the supply of solar energy can be high, which drives prices down. Therefore, investing in energy storage technologies, such as batteries, is important, as they allow the storage of excess energy and its sale during times of higher demand and higher prices.



CRS is a critical indicator for assessing the economic efficiency of energy sources, in this case, PV power plants. A high Capture Rate value means that a PV power plant can sell electricity at a higher price, which increases its profitability and shortens the return on investment. A low Capture Rate value may indicate the need for technology improvement, better grid integration, or better timing of electricity production and sales from PV power plants. CRS is often compared with the Capture Rate of other energy sources, such as wind, nuclear, or fossil fuel power plants. This comparison helps determine the competitiveness of PV power plants in the market. It is expressed as a percentage that shows the extent to which PV power plants can “capture” value in the electricity market compared to the average market price. The relationship (2) expresses the calculation of CRS [22,29,30,31,32]:


  C a p t u r e   R a t e   S o l a r =    C a p t u r e   P r i c e   f o r   S o l a r   ( C P S )   A v e r a g e   M a r k e t   P r i c e   o f   E l e c t r i c i t y      · 100 %  



(2)




where Capture Price for Solar (CPS) is the average price at which solar electricity is sold on the market and Average Market Price of Electricity is the average price of all electricity on the market over a given period.



If the CRS is higher than 100%, this means that solar power plants are selling their electricity at a higher price than the average market price. Conversely, if the CRS is lower than 100%, solar power plants are selling their electricity at a lower price than the average market price. CRS provides important information about the economic viability of solar power plants. High Capture Rate values indicate that solar power plants are efficient and profitable, while low values may signal the need for improved efficiency or support in terms of market conditions or policy measures.



In the following section, we will describe research focused on analyzing CPS and CRS for the Czech Republic, Poland, Hungary, and Slovakia. The analysis utilized data on electricity prices in these countries and the amount of electricity generated from PV power plants in each country. The next step was to determine the average market price of electricity. The analysis focused on monthly data, with input data on electricity prices provided on an hourly basis. Using Microsoft VBA, the average market price of electricity was calculated. Subsequently, the CPS was computed according to Equation (1). In this calculation, it was necessary to determine the total revenue from solar electricity. This value was obtained by multiplying the electricity price in a given time period (e.g., hourly) by the amount of electricity produced by PV sources, these being the focus of our study. These calculations were repeated hourly using Microsoft VBA, and the CPS was calculated for each month from 2018 to 2024. This method was used to compute the CPS and subsequently the CRS. The analysis of the results and the results themselves are presented in the subsequent section of the manuscript.




4. Analysis of Capture Price for Solar (CPS)


During the research, freely available data from energy-charts.info were used. The timeframe used was hourly, and the following values were calculated from these data.



	(a)

	
Day-Ahead Price (DAP)







Average DAPs exhibit significant fluctuations between different months and years. In the case of the Czech Republic (Figure 4 and Table 2), prices peaked in 2022, particularly in August and September, with values reaching up to 476 EUR/MWh. In contrast, prices were significantly lower in earlier years (2018–2020), with the lowest values observed in April and May 2020 (16 EUR/MWh). The trend of DAPs from 2018 to 2024 is illustrated in Figure 5, showing that prices were highest throughout 2022 within the observed period. This price increase was noticeable as early as the end of 2021, during the months of October to December.



As previously mentioned, if the DAP is higher than the CPS, this indicates that PV power plants are selling electricity at a profit. The trends of DAP and CPS from 2018 to the present for the Czech Republic can be seen in Figure 6. The deviations between the curves illustrate the significant differences between the DAP and the CPS. Out of 78 values, there are 26 months where the DAP is higher than the CPS. It is important to note that this research deals with average monthly values. For daily values, the situation might be slightly different.



In the case of electricity price trends in Slovakia (Figure 7), the development is similar to that in the Czech Republic. In 2022, prices in Slovakia were highest, with a rapid increase starting around September 2021 and continuing until April 2023, during which period prices consistently remained above 100 EUR/MWh. In 2023, the months of September and October also saw prices rising above 100 EUR/MWh. The price trend in 2024 is similar to that in the Czech Republic, with prices ranging from 63 to 84 EUR/MWh.



In Hungary, the situation is also similar. The highest prices were recorded in Hungary in 2022 (Figure 8). However, prices above 100 EUR/MWh were observed as early as August 2021 and lasted until October 2023 (except for May, June, and July 2023). In 2024, prices are currently ranging from 62 to 86 EUR/MWh, which is similar to the levels seen in the Czech Republic and Slovakia.



In Poland (Figure 9), the situation is slightly different than in Slovakia, the Czech Republic, and Hungary. While the highest prices in Poland were also recorded in 2022, a comparison of the maximum prices (Table 1) shows differences among the Czech Republic, Slovakia, Hungary, and Poland. In Poland, the price in August 2022 was 269 EUR/MWh, whereas in Slovakia it was 492 EUR/MWh—a difference of 223 EUR/MWh. On the other hand, in Poland, a price above 100 EUR/MWh was recorded in June. Given that these are averaged data, the price might decrease or increase by the end of the month. Currently, in 2024, prices in Poland range from 75 to 102 EUR/MWh.



	
(b) Capture Price for Solar (CPS)






CPS follows a similar trend to the average DAPs, indicating market conditions for photovoltaics. In the Czech Republic (Figure 4), the highest prices were observed in August 2022 (437 EUR/MWh), with consistently lower prices in earlier years. The lowest values were recorded in April 2020 (16 EUR/MWh). In Slovakia (Figure 7), price peaks were seen in August 2022 (479 EUR/MWh). Earlier years showed lower prices, with April 2020 having the lowest value (16 EUR/MWh). In Hungary (Figure 8), the highest price was in August 2022 (484 EUR/MWh). Earlier years reflect significantly lower prices, with April and May 2020 again showing the lowest (22 EUR/MWh). In Poland (Figure 9), prices peaked in August 2022 (220 EUR/MWh). Poland also had a high value in December 2021 (221 EUR/MWh). The values in April 2020 were the lowest (36 EUR/MWh).



	
(c) Capture Rate for Solar (CRS)






The Capture Rate for Solar (CRS) determines the percentage ratio between the average price at which PV power plants sell their electricity and the average market price of electricity during a given period. In the Czech Republic (Figure 4), high values were observed in the early months of 2018–2020, with January 2018 reaching 126%. In later years, there was a recorded decline, especially in 2024 (49% in May). In Slovakia (Figure 7), high values were seen at the beginning, with December 2021 reaching 130%. A significant drop occurred in 2024, particularly in May (48%). In Hungary (Figure 8), high values were observed in December 2021, with a value of 123%, and a sharp decline was observed in 2024, particularly in May (52%). In Poland (Figure 9), similar trends were seen, with the highest value in December 2021 at 123% and the lowest value at 78% in May.



Annual trends show a clear peak in average DAPs and CPS in 2022 across all countries. This price peak was likely caused by external factors such as increased demand, geopolitical situations, and similar influences. Monthly changes in electricity prices indicate that April consistently showed the lowest values for CRS in all countries and nearly all years. This can be attributed to seasonal factors affecting solar energy production and market demand. However, this year, CRS values were the lowest since 2018 across all four countries. This trend also obtained for Hungary and Poland, for which data are available from 2020. The reduction in CRS values suggests potential issues with further development of PV systems and investment in this technology.



In Table 3, the production of electric energy from 2018 to the present is shown for the countries of the Czech, Poland, Hungary, and Slovakia in TWh. In Poland, from 2018 to the present, very few hours with negative prices were observed. Although Poland has seen an increase in the production of electric energy from renewable energy sources, it is a negligible amount from the perspective of the energy mix. In 2018, the production of electric energy from renewable energy sources accounted for 10.4%, and this percentage gradually increased in the following years: 2019 (11.8%), 2020 (13.7%), 2021 (12.2%), 2022 (14.4%), 2023 (19%), and 2024 (20.6%). Negative electricity prices began to appear in Poland in 2023, which also saw an increase in production from renewable energy sources—this represents a doubling of the share from the perspective of the energy mix. A similar situation can be observed in Hungary. In 2018, renewable energy sources accounted for 6.4% of production, and this percentage gradually increased in the following years: 2019 (7.3%), 2020 (11.9%), 2021 (14.1%), 2022 (16.3%), 2023 (19.7%), and 2024 (24.9%). Negative electricity prices also began to appear in Hungary in 2023, which saw the largest increase in the share of electric energy production from renewable sources—mainly from PV power plants.



When considering investments in PV systems, the return on investment is often calculated based on the anticipated amount of electricity generated and current prices [33,34]. However, the analysis of results indicates that the profitability of a PV power plant varies even when electricity production remains constant. The reason is simple—the electricity price fluctuates. Electricity prices change every hour, and therefore the research results in this manuscript provide a clear understanding of the economic aspects of PV sources over the years 2018 to 2024. Such an analysis could also be conducted on an hourly basis, which would further refine the determination of economic returns. If, for instance, a program like PV-Sol were used to determine the amount of PV production, it would not account for changes in electricity prices. As shown in the results, CRS values vary significantly. Comparing CRS values in all four countries in July 2023, it was 91% in Poland, 78% in Hungary, 80% in Slovakia, and 84% in the Czech Republic. The PV production may be the same in each country, yet the CRS values differ, affecting the return on investment for solar projects. For example, in Poland, the CRS varied from a low of 78% in May 2024 to a high of 123% in December 2021. However, standard return calculations do not consider these values. Therefore, the research results described in this manuscript significantly contribute to understanding and better analyzing the development of returns on investment in solar projects.




5. Discussion and Conclusions


This article discusses the development of electricity prices in the Czech Republic, Slovakia, Hungary, and Poland. Based on the price trends, research was conducted that analyzed electricity prices from 2018 to 2024.



Significant findings indicate that electricity prices peaked markedly in 2022 due to a combination of several events. These included reduced production from hydropower plants, increased energy demand, supply chain disruptions, and extreme weather conditions. These factors had a substantial impact on the DAP and CPS in countries such as the Czech Republic, Slovakia, Hungary, and Poland. The results also highlight seasonal variations, with the lowest prices and CPS values recorded in April, likely due to seasonal factors affecting solar energy production and market demand. In 2024, a significant decline in CRS was observed across all analyzed countries, which may indicate issues with integrating solar energy into the market, market saturation, or changes in market dynamics.



Based on CPS and CRS values, it is possible to deduce several important pieces of information related to the economic performance and efficiency of photovoltaic power plants:




	(a)

	
Economic performance of solar power plants: From the CPS value, we can determine how profitable photovoltaic power plants are in a given time period. Higher values indicate higher revenues, while lower values indicate lower revenues.




	(b)

	
Competitive position of photovoltaic energy in the market: CRS shows how competitively capable photovoltaic power plants are compared to other energy sources. High values suggest that solar power plants are able to compete and sell their energy at favorable prices.




	(c)

	
Market trends and demand for renewable energy: From both values, we can deduce market trends and the demand for solar energy. For example, if both values are rising, this may indicate a growing demand for renewable energy and favorable market conditions for photovoltaic power plants.




	(d)

	
Regulatory and political influences: These values can also be affected by regulatory and political measures, such as subsidies, tariffs, and climate policies, that either support or limit the development of photovoltaic energy.









Given the findings, there is a need for further research and analysis to identify the causes of the identified anomalies. Future research directions should include a more detailed study of seasonal changes in solar energy production and prices and their impact on market prices and the profitability of solar power plants. Research should also examine the impact of different political measures and regulations on electricity market prices and the economic viability of solar projects. Additionally, the effectiveness of energy storage technologies and their economic impact in the context of solar energy should be evaluated. Another crucial aspect is to develop long-term models and predictions of market prices and the profitability of solar power plants considering various geopolitical and climatic scenarios. Expanding the analysis to additional regions and countries will provide a global perspective on solar market dynamics and allow for the identification of regional differences and specifics.



The development of solar energy utilization currently depends on political decisions. The results summarized in the paper lead to the following conclusion: In the Czech Republic, from 2015 to the present, there were 25 months with a CRS value higher than 100% out of a total of 78 months. In Slovakia, there were 31 months, in Hungary 16 months, and in Poland 21 months. At first glance, it may seem that there were few months with a CRS value above 100%. However, it is important to realize that the calculation consists of two main parameters—the price of electricity and the amount of electricity produced. In Table 4, a brief comparison of two situations is shown. In the first, the production of electricity changes gradually, taking the following values: 25 MWh, 23 MWh, 20 MWh, 10 MWh, and 25 MWh. In the second situation, the production of electricity takes the following values: 20 MWh, 23 MWh, 20 MWh, 10 MWh, and 25 MWh. In these situations, despite the differences in electricity production and the price of electricity, the CRS parameter comes out the same. However, the CPS parameter is different. Therefore, it is necessary to consider both parameters and not just the CRS.



Based on the conducted research, the next step is to investigate similar impacts of other energy sources in different countries; for example, in Germany, analysis could focus on wind energy, whereas in Slovakia it might concentrate on hydro energy or other energy sources. The research described in this paper should be applicable to any energy source. By comparing the results, the study highlights the specific impacts of various sources of electrical energy in individual countries. Consequently, it is possible to focus on the production from these energy sources when predicting electricity prices in a given country.
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Figure 1. Cumulative capacity of solar panels (photovoltaics) in gigawatts (GW) across the world. [20]. 
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Figure 2. The price of solar panels from 2011 to 2024 [21]. 
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Figure 3. Monthly hydroelectric production from 2022 to 2024. 
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Figure 4. Average DAPs, Capture Price for Solar, and Capture Rate for Solar for the Czech Republic. 
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Figure 5. Average DAPs for the Czech Republic. 
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Figure 6. Development of average DAP and CPS for the Czech Republic. 
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Figure 7. Average DAPs, Capture Price for Solar, and Capture Rate for Solar for Slovakia. 
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Figure 8. Average DAPs, Capture Price for Solar, and Capture Rate for Solar for Hungary. 






Figure 8. Average DAPs, Capture Price for Solar, and Capture Rate for Solar for Hungary.



[image: Applsci 14 06396 g008]







[image: Applsci 14 06396 g009] 





Figure 9. Average DAPs, Capture Price for Solar, and Capture Rate for Solar for Poland. 
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Table 1. Installed PV capacity across the world from 2000 to 2022 [20].
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	Year
	Installed PV Capacity [GW]
	Change between Years [%]





	2000
	0.8
	



	2001
	1.09
	136.3%



	2002
	1.44
	132.1%



	2003
	1.97
	136.8%



	2004
	3.05
	154.8%



	2005
	4.55
	149.2%



	2006
	6.09
	133.8%



	2007
	8.5
	139.6%



	2008
	14.73
	173.3%



	2009
	22.84
	155.1%



	2010
	40.33
	176.6%



	2011
	72.21
	179.0%



	2012
	101.65
	140.8%



	2013
	136.57
	134.4%



	2014
	176.11
	129.0%



	2015
	224.07
	127.2%



	2016
	296.11
	132.2%



	2017
	390.88
	132.0%



	2018
	483.5
	123.7%



	2019
	585.87
	121.2%



	2020
	713.92
	121.9%



	2021
	855.16
	119.8%



	2022
	1046.61
	122.4%










 





Table 2. Electricity prices in August 2022.
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	Country
	Price in August 2022 [EUR/MWh]





	Czech Republic
	476



	Slovakia
	492



	Hungary
	484



	Poland
	269










 





Table 3. Production of electricity from 2018 to 2024 in the Czech Republic, Poland, Hungary, and Slovakia.
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	Renewable Sources
	Conventional Sources
	Nuclear

Sources





	2018
	
	
	



	Czech Republic
	9.4
	43.4
	28.2



	Poland
	15.7
	135.2
	0



	Hungary
	1.8
	11.7
	14.8



	Slovakia
	4.7
	6.9
	14.7



	2019
	
	
	



	Czech Republic
	9.3
	41.8
	28.6



	Poland
	18.2
	136.7
	0



	Hungary
	2.2
	12.4
	15.4



	Slovakia
	6.2
	6.1
	15.3



	2020
	
	
	



	Czech Republic
	9.7
	36.7
	28.4



	Poland
	20.7
	119.4
	0



	Hungary
	3.6
	12.3
	15.1



	Slovakia
	6.4
	6.1
	15.4



	2021
	
	
	



	Czech Republic
	10.2
	38.8
	29.1



	Poland
	23.6
	136.8
	0



	Hungary
	4.5
	12.3
	15.1



	Slovakia
	6.1
	7.1
	15.7



	2022
	
	
	



	Czech Republic
	10
	38.8
	29.3



	Poland
	31.2
	130.2
	0



	Hungary
	5.1
	11.3
	14.9



	Slovakia
	5.3
	4.7
	15.9



	2023
	
	
	



	Czech Republic
	10.5
	31.3
	28.7



	Poland
	39.4
	112.2
	0



	Hungary
	6.1
	9.5
	15



	Slovakia
	6.3
	4.4
	18.2



	2024
	
	
	



	Czech Republic
	6.6
	13.9
	15



	Poland
	23.1
	57.7
	0



	Hungary
	4.2
	4.6
	7.9



	Slovakia
	4.2
	2
	9.5










 





Table 4. Comparison of two situations with different electricity production values and electricity prices.
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	Produce in MWh
	25
	23
	20
	10
	25



	Price in €/MWh
	2.5
	5
	4
	4
	8



	CPS
	4.830097
	
	
	
	



	CRS
	102.77%
	
	
	
	



	Produce in MWh
	20
	23
	20
	10
	25



	Price in €/MWh
	15
	20
	10
	12
	14



	CPS
	14.59184
	
	
	
	



	CRS
	102.76%
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