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Abstract

:

The modern world is moving towards a zero-emission economy; therefore, various actions are being taken to reduce the share of fossil fuels in energy production. The article examines the potential for the continued expansion of photovoltaic farms, with a special emphasis on farms utilising east–west panel orientation. The east–west orientation is an innovative solution with many advantages over the traditional north–south arrangement. The paper also makes a detailed assessment of the photovoltaic farm environment by applying two analyses based on the following factors: Political, Economic, Social, and Technological (PEST) and Demographic, Economic, Environmental, Political, Legal, Informational, Social, and Technological (DEEPLIST) factors. This is followed by an insightful, comprehensive review of the most important factors that contribute to the efficiency of photovoltaic installations, namely site conditions, existing infrastructure, and ability to connect to the electricity grid. The paper also devotes space to an analysis of daily energy price changes that affect the economic efficiency of the installation and discusses the potential for energy storage in the context of photovoltaic farms. The development of photovoltaics also requires investing in energy storage. All discussed issues fall within the scope of photovoltaic farm development and optimal use of energy resources.






Keywords:


photovoltaic farm; DEEPLIST; energy storage; renewable energy












1. Introduction


Electricity is today a vital factor in people’s lives and in the operation of the economy. In today’s households, especially in Poland, electricity generated from renewable energy sources (RESs) is increasingly displacing traditional energy sources such as coal and natural gas [1]. This helps to reduce harmful CO2 emissions as well as particulate matter and smog [2]. The industry is increasingly taking advantage of renewable energy sources that represent a growing share of the energy mix [3]. In 2022, these made up over 21% of the energy mix in Poland [4]. The availability, cost, and reliable supply of energy have a significant impact on the operation of businesses, which translates directly into economic development [5,6]. The energy sector is shifting away from fossil fuels towards renewable energy sources. In many countries, the share of RES energy is steadily increasing. RES energy is displacing conventional energy sources to achieve a zero-emission economy [7].



In light of these issues and the advancing climate change, resulting in EU and national legislation, renewable energy sources are becoming a viable alternative to grid-supplied energy, which in Poland, comes mainly from fossil fuels [8]. Figure 1 shows the individual energy sources in the electricity generation structure in Poland in 2022.



From Figure 1, it can be seen that in Poland, electricity production is mainly based on hard coal (42.6%) and lignite (26.5%); however, renewable energy sources (21.2%) have an increasing share. Moreover, photovoltaics is the most popular and socially accepted of all alternative energy solutions, such as windmills, biomass/biogas, and hydroelectric power plants. [10]. Such a high degree of public favour towards this energy source is driven, among other things, by numerous financial support programmes to achieve a long-term reduction in energy costs. Growing ecological awareness and the desire to care for nature are extremely important, especially because solar energy is perceived as the most sustainable and environmentally friendly source of renewable energy [4]. Photovoltaic (PV) development is illustrated in Figure 2, showing aggregate data on the growth of the installed capacity of power plants in Poland between 2015 and 2021.



Figure 2 shows clearly that the installed capacity practically doubled year-to-year in the period from 2015 to 2021. The increase was seen mostly in home micro-installations, representing around 75% of the total installed capacity, with the remaining 25% accounting for small installations and installations exceeding 1 MW [11]. The huge success of micro-installations is primarily due to their ease of installation, easy hook-up to the home mains grid, as well as near-unlimited scalability. This means that photovoltaic installations may in theory consist of a single module with an output of no more than 250 W. Even a small number of installed modules bring tangible economic benefits to households by enabling them to reduce electricity bills, while also becoming partially or totally independent from energy suppliers [12]. Against the background of this, a new consumer group has emerged, which uses and produces energy at the same time. The term prosumer has been coined as a portmanteau of consumer and producer to describe this group [13,14].
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Figure 2. Cumulative installed photovoltaic capacity in Poland [MW]. Source: own elaboration based on [12] ARE Monthly Bulletin, Statistical Information, and Electricity, www.are.waw.pl, Photovoltaic Market in Poland 2022, Institute of Renewable Energy, Warsaw 2022. 
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The balance of costs and benefits in the case of photovoltaic installations is different for each user, which is why it is essential to look at all aspects of PV system use. The crucial aspect is the location of panel installation. Site and orientation surveys have shown that a south-facing orientation was correct as well as established by long-standing practice. Because of this, other arrangements are not even taken into account. This approach effectively crowds out all other solutions without proper consideration at the project planning stage.



This paper presents alternative options for the installation of photovoltaic modules, particularly an east–west module arrangement that aims to spread energy production over two peaks, in the morning and in the afternoon. The installation under discussion is characterised by the location of the modules at a lesser angle of inclination than would be the case for south-facing modules. Also, and more importantly, the structure must be aligned with the east–west direction [15]. The paper closes with a discussion of potential benefits of differently orientated farms and the modifications in comparison with southern-oriented sites.



The paper shows an innovative approach to installing photovoltaic panels in an east–west arrangement, which is much more advantageous than the previously widely used north–south arrangement. Thanks to this, the direction of development of photovoltaic farms for the coming years is indicated. It is also shown how important the location of photovoltaic farms in the geo-spatial location is. It is presented how to influence economic efficiency by selling the produced energy at the right hours at the best price thanks to the use of energy storage facilities. There are not many analyses related to the new settlement system in the literature on the subject, so this research fills the research gap related to the effectiveness of using photovoltaics in new conditions.



The article consists of an introduction, three research chapters, a conclusion, and a recommendation. The research chapters deal with the review and verification of the literature, the analysis of the environment of photovoltaic farms and hourly energy prices, and the aspect of energy storage.




2. Materials and Methods


The research was carried out using the method of primary and secondary research. Primary research consisted of research techniques without intervention and was based on the authors’ own observations. The authors observed photovoltaic installations built according to the south–north orientation, analysed the advantages and disadvantages of such a system, and analysed photovoltaic panel systems with an east–west orientation. Thanks to the observations made, it was possible to observe phenomena occurring in the analysed cases. The second part of that study was conducted using desk research. This method was used to analyse, interpret, and formulate conclusions based on collected data [16,17]. The study used numerous materials from various sources, i.e., libraries, repositories, and the Internet. The research scrutinised a substantial body of scholarship in the form of articles, books, reports, and papers with a high impact factor. The materials referenced in this paper were carefully reviewed for scientific and factual accuracy.



With desk research, it was possible to examine a considerable body of data and information in the field of photovoltaics, focusing specifically on small installations, PV farms, energy production profile, as well as impact factors regarding energy efficiency and storage. Figure 3 below shows the process of data collection and analysis for the study.



The selected research approach is frequently employed in scientific investigations. A critical component of desk research involves a careful verification of information and data to be used. In order to choose publications for analysis, it is essential to thoroughly evaluate the scholarly value of their contents, the standing of the journals, as well as the significance and influence of the authors within the scientific community. Therefore, in the desk research study, the researchers’ attention focused on detailed analysis, validation, and verification of the sources used.



The research methods used allowed the research to be carried out and divided into several stages, namely (1) conducting observations and developing observations and conclusions regarding the orientation of photovoltaic panels as well as the impact of the location of the farms on their work efficiency and (2) conducting a desk research study, which allowed for the performance of analyses and calculations related to economic efficiency and assessment of the impact of the macroeconomic environment (PEST and DEEPLIST analyses), hourly price distribution, and importance of energy storage.




3. Literature Review


The literature review presented in Table 1 constitutes a valuable source of information, allowing for an in-depth exploration of the key scientific texts related to the field of photovoltaics, as well as a map of the knowledge domain associated with this research area. The literature review plays a significant role in conducting research, enabling an understanding of current achievements, trends, and challenges in the scientific domain of photovoltaics.




4. Results and Discussion


The desk research results highlight the importance of various aspects of photovoltaic farms. These include site layout, ability to connect to the power grid, module orientation in relation to sunlight, and hourly fluctuations in energy prices. Another important element is the analysis of environmental factors presented in the form of the DEEPLIST [30]. For photovoltaic farms, terrain plays a key role. The correct terrain used for the installation of photovoltaic panels has a direct impact on the efficiency of energy generation. Factors such as shading, slope, and location can affect the overall performance of a photovoltaic system [31]. This highlights the importance of careful site selection to optimise energy production. The location of photovoltaic modules in relation to the sun is another important determining factor for energy production. Proper positioning maximises exposure to the sun and therefore energy production. The angle and orientation of the modules play a significant role in harnessing the full potential of solar radiation [32].



Hourly fluctuations in energy prices highlight the importance of time in energy generation and consumption. Taking advantage of peak demand periods can significantly affect the economic viability of PV farms. Adapting energy production to periods of higher energy prices can increase the financial return on investment [33].



Another key factor is the connection of photovoltaic farms to the grid. Assessing potential challenges and connectivity is key to seamless integration with existing energy infrastructure [22]. The ability to connect to the grid affects not only the operation of the farm, but also the wider issues related to the energy distribution network [34,35].



Furthermore, an in-depth analysis of the PV farm’s surroundings is extremely important, as shown with DEEPLIST. Environmental, economic, political, and social factors shape the overall feasibility and sustainability of PV projects. A holistic approach to these factors allows for a comprehensive understanding of the potential challenges and benefits of the project. Furthermore, the DEEPLIST study highlights the importance of a comprehensive assessment of the impact of the surrounding environment on photovoltaic projects. Taking these insights into account is key to making informed decisions and successfully implementing sustainable PV initiatives [27].



A potential avenue for future research would involve a more comprehensive exploration of renewable energy storage and an analysis of specialised management techniques within the photovoltaic industry, focusing on photovoltaic farm management.



4.1. Environmental Analysis of Photovoltaic Farms


The construction of a photovoltaic farm affects both the immediate surroundings of the project site and a number of more distant areas unrelated directly to the site [22]. Before committing substantial financial resources to construct a photovoltaic farm, it is essential to conduct a strategic analysis of the project. This analysis should consider various factors, both direct and indirect, that can impact the investment. Examining the macro-environment in which the company operates yields crucial insights into potential opportunities and threats. It also enables an assessment of the company’s present and future positioning within this environment [36,37]. External factor analysis can be described as the process of identifying and examining changes, trends, and patterns within the company’s external environment, with the aim of formulating a strategic development plan [38]. Among the most commonly used is a PEST analysis, which aims to verify the impact of key factors (Political, Economic, Social, and Technological factors) on the operation of a project [39]. However, the challenges faced by modern companies require a deeper and broader analysis focusing on other aspects of the macro-environment. This is exemplified by DEEPLIST, which is often seen as a more sophisticated alternative to PEST [40]. This analysis will focus on the following factors: Demographic, Economic, Environmental, Political, Legislative, Informational, Social, and Technological [27].



The Table 2 shows the baseline DEEPLIST analysis for the development of a photovoltaic farm.




4.2. Analysis of Impact Factors Relating to Installation Efficiency


While a southern exposure is the most prevalent and often the right choice for photovoltaic panels, it is also worth considering the feasibility and effectiveness of an east–west panel orientation, particularly for new installations. In specific situations, this east–west orientation might offer greater efficiency [15]. Such an orientation could be used in the following cases:




4.3. Terrain and Existing Infrastructure


The growing popularity of PV installations has led to the evaluation of a wide range of locations as potential sites for deploying photovoltaic modules. This includes agricultural and industrial plots with varying terrain characteristics. They are often considered mainly because of their location in relation to electricity lines and connection possibilities [46]. The factors given have a significant impact on the feasibility of fitting photovoltaic modules. Structures and irregularly shaped plots of land are an important element in this respect.



It is very common for buildings to have a north–south orientation. Assuming that these are gabled-roof buildings, it is reasonable to justify the arrangement of the panels in an east–west orientation [47]. Figure 4 below shows what the alignment of the modules would look like in southern exposure (left side) and east–west exposure (right side).



This arrangement of the panels (east–west) allows more of the roof area to be used. This is shown by Figure 4 and Figure 5, where for the east–west exposure, it was possible to mount an extra 12 panels.



Furthermore, the east–west layout will offer cost advantages in terms of panel installation and maintenance. The cost savings in this configuration result from the installation of fewer frames needed to support the structure [15]. Of course, in practical situations, it is quite uncommon for building structures to align perfectly along the north–south axis. Other crucial considerations include the roof pitch, the optimum module angle, and the constraints imposed by the presence of features like chimneys, air handling units, and roof windows. All these elements have a significant impact on the final assessment of a particular solution [48,49].



Aesthetic qualities are a separate issue, but they are nonetheless important in some cases. The requirement for a strict southern orientation can significantly detract from the visual aesthetics of the development, which might not be an acceptable feature for certain investors on specific sites.



It is notable that photovoltaic systems perform most efficiently when facing south—the best exposure to the sun [15]. It is also known that sun rays illuminate the Earth at different angles at different times of the day and year, which affects energy production. Solar trackers (also known as a tracking system or solar tracking system) are used to minimise this. It is a design that allows the photovoltaic installation to align itself in an ideal position relative to the sun. To address this issue, specialised devices are used with sensors or global positioning system (GPS) technology. These devices determine the optimal position of the panels in relation to the sun at any given time and adjust their orientation accordingly. Trackers are powered by electricity from photovoltaic panels [50,51].



The layout of the project site is another and particularly important aspect for photovoltaic farm construction (the plot’s shape available for build-up, the inclination of the land surface, and the existing structures such as access roads and access to utilities.) The ramifications for the installation of photovoltaic modules on a specific parcel of land are similar to those applicable to structures described in the previous section [52].




4.4. Potential for Connection to the General Electricity Grid


The electricity transmission or distribution company is obliged to enter into a grid connection agreement with applicants seeking connection on a fair and equal basis. Furthermore, it must prioritize the connection of renewable energy source installations. This obligation applies only where it is technically and economically feasible to provide a mains connection and as long as connection and transmission conditions are met. The electricity company is obliged to issue connection conditions within the time limit set out in the law. Connection conditions are valid for two years from the date of issue [53].



If there are no technical or economic prerequisites for the connection capacity outlined in the application for determining the connection conditions for a renewable energy source installation, the energy company must notify the applicant of the available connection capacity for which these conditions can be met [54].



The applicant must file an application with the electricity company (operating the grid to which a connection is sought) for determining the grid connection conditions. A fee of PLN 30,000 (7100 USD) per MW is charged for connecting renewable electricity sources to the grid [55].



Technical requirements for connecting a RES:



Equipment, installations, and networks to be connected must meet technical and operational requirements ensuring:




	
operational security of the power supply system;



	
protection of the power supply system against damage caused by inappropriate operation of connected equipment, installations, and networks;



	
protection of connected equipment, installations, and networks against damage in the event of failure or the introduction of restrictions on energy consumption or supply;



	
compliance at the point of connection of equipment, installations, and networks with electricity quality parameters;



	
compliance with environmental requirements;



	
the ability to measure the quantities and parameters necessary for network operation and billing for energy consumed [56].








Equipment, installations, and networks must also meet the requirements set out in separate regulations, in particular, the construction law, the law on protection against electric shock, the law on fire protection, the system of assessment of conformity, and the law on energy production technology [57].



When connecting a micro-installation to the electricity grid, it is required that the equipment included in the micro-installation is certified in accordance with the relevant Polish standards and European Parliament and Council directives. The infrastructure required for operation also includes inverters and all kinds of structural components. This type of investment is usually characterised by an output ranging from a few tens of kilowatts to even several megawatts. Photovoltaic farms are usually connected to electricity grids with a rated voltage not exceeding 110 kV.



Additionally, existing legislation introduces legal and technical restrictions to protect the interests of private individuals neighbouring the sources, as well as the stability of the power supply system [58].



Unfortunately, with a lack of clarity in the law and an underdeveloped power supply infrastructure, it is difficult, if not impossible, in some areas to meet all the legal and technical requirements for renewable energy sources. The major problems of energy distribution networks are compounded by a number of factors that comprehensively affect the inefficient and uneven prosperity of the entire infrastructure. Among the most important are:




	-

	
voltage peaks, caused by uneven load on the inverters;




	-

	
voltage collapses, caused by insufficient energy production from photovoltaic modules;




	-

	
crossing the PST indicator (short-term flicker severity value) at one customer causes flickering of the light at the other customers;




	-

	
crossing the PLT indicator (long-term flicker severity value) can cause damage to household appliances;




	-

	
rapid voltage changes lasting more than 1 s, crossing the RVC indicator (Rapid Voltage Change);




	-

	
multiphase interruption, consisting of an interruption in the supply of electricity [59].










4.5. Daily Energy Price Differences


One of the factors that demands particular attention in the analysis of panel deployment is addressing the considerations related to billing the electricity supplied to the national grid system. As of 1 July 2022, under EU Directive 2019/944 [60], net billing applies as opposed to previous legislation. One of the aims of such a solution is, in part, to incentivise energy producers to engage in energy storage, thereby contributing to a more balanced energy supply to the grid during billing periods. This includes storing energy, which in turn directly impacts the energy infrastructure [61]. The installation of energy storage facilities stabilises and increases the flexibility of RES energy systems. The choice of energy storage depends on the operating parameters and, above all, on the needs of the user. Factors that impact the operation of storage facilities embrace load patterns, power origins, and economic aspects of energy production, including efficiency, location, environmental considerations, technical conditions, and legal regulations [62]. Nowadays, energy storage facilities are installed in places where there is no grid stability. In countries where the market for energy services has been liberalised, energy storage facilities are used to regulate fluctuations in energy production and consumption [63]. In Poland, the first steps are currently being taken to install energy storage facilities, but the associated legislation is not yet fully developed. Energy storage presents a significant obstacle for the contemporary energy market in Poland. Based on the storage purpose and technology employed, it can be categorised into multiple fundamental forms: chemical, electrical, electrochemical, mechanical, pressure, and thermal [64]. Moreover, electricity stored from photovoltaics can be utilised by households such as for warming water [65].



Net billing is a new prosumer billing system that has been in operation since April 2022 and involves surrendering unused surplus energy to the grid at a set price and buying back energy at the prices of the energy distributor if there is a shortfall in the energy produced from the prosumer’s installation. Currently, net billing is on a monthly basis, which does not really have a particular impact on prosumers’ or producers’ energy storage activities [66,67]. This is due to the unpredictability of energy prices from one billing period to the next. Figure 6 shows the monthly price fluctuations from 2016 to 2023.



Based on the data (Figure 6), there are no clear trends in energy price fluctuations; these are spread relatively evenly throughout the year. This clearly demonstrates that the storage of energy produced from photovoltaic farms is not economically viable. The exception is 2022, where prices rose dramatically.



The analysis of daily energy price fluctuations in 2022 shows significant fluctuations in energy prices throughout the day, where hourly price differences started to increase. This is shown in Figure 7.



Two daily price lows are shown on the graph—in the 01:00 a.m. to 04:00 a.m. and 01:00 p.m. to 02:00 p.m. periods. In contrast, demand peaks at 08:00 a.m. and from 07:00 p.m. to 08:00 p.m. The graph clearly shows that during the morning and evening hours, the demand for energy is the highest and, consequently, the price per MWh is the highest. This means that east–west-oriented farms will produce energy and sell it at a significantly higher price than south-oriented farms, whose peak production is at 12:00 p.m.



The following graph shows the daily fluctuation of energy prices on 3 and 15 June 2023.



By examining the hourly price fluctuations on the Polish Power Exchange from the start of June 2023, it became evident that previous patterns are shifting. Hourly price volatility is increasing, indicating that energy storage is becoming economically viable. Based on data from the day-ahead market on the Polish Power Exchange, it can be seen that since the beginning of June 2023, the difference between the maximum and minimum prices per MWh is often doubled, and the gap widens with each passing day of the month [68]. Of course, during certain days, the price fluctuations are not as drastic (they do not increase linearly), but a price difference remains visible. Figure 8 and Figure 9 show significant price spikes in the evening hours (from 5 p.m.), while the period from 1 a.m. to 9 p.m. exhibits a relationship between price and volume of available energy. As volume decreases during these hours, the price increases, showing that energy supply and demand are interdependent.



The change in the billing system and the transition to hourly billing will take place in Poland on 1 July 2024. This will mean for prosumers that, in the case of maximum production during midday hours, the energy produced will be sold to the grid at minimum daily rates. In the case of existing installations, it will be possible to improve the efficiency of the investment by equipping the system with energy storage. However, these solutions require high investment outlays. Assuming an approximate cost of energy storage of approximately USD 610–670 /kWh [69], the costs required for a small 250 kWp installation will—assuming energy storage of only 2 h—amount to approximately PLN 1,250,000 (USD 310,000). Despite the high investment outlays, however, energy storage facilities will form an integral part of future photovoltaic farms, whether south- or east–west-oriented, as they will go a long way towards relieving the load on power lines, making more efficient use of the energy produced from the sun. It will also be possible to sell the energy produced at peak demand times [64,70].





5. Conclusions


This paper demonstrates that PV plays an important role in the energy policy of Poland and the European Union. In 2022, photovoltaic installations accounted for 4.5% of Poland’s total energy production, making it the second-most-popular renewable energy source after wind energy (10.8%) [9]. Improved efficiency in the use of generated energy and more sustainable operation of photovoltaic power plants can contribute to strengthening the energy infrastructure and increasing the country’s energy independence. In the context of this issue, concepts such as photovoltaic farms and energy storage appear complex and multifaceted. Maximising the use of these technologies can bring numerous benefits, including increased energy efficiency, grid stability, and reduced greenhouse gas emissions. Therefore, the continued development of PV technology and its integration with energy storage should be seen as priorities in the move towards a sustainable energy in the future.



As regards the prosperity of photovoltaic farms, the following final conclusions can be drawn:




	
Hourly fluctuations in energy prices affect the profitability of photovoltaic farms, as the price for each MWh produced varies according to the current supply and demand for electricity.



	
Energy storage makes economic sense with sustained fluctuations in energy prices, allowing for the sale of energy produced at price peaks. This means that generated energy is put to better use than if there was no storage. Furthermore, storage facilities play a beneficial role in enhancing the robustness of Poland’s energy infrastructure. Through energy storage, they alleviate the burden on the infrastructure.



	
The east–west orientation of photovoltaic farms is a good and cheaper alternative to energy storage. A farm with this orientation allows for energy production in the morning and afternoon when energy prices can compete with power supplied by farms with southern exposure.



	
The DEEPLIST analysis presents the key factors in the selection and operation of photovoltaic farms.









6. Recommendation


The study recommends the introduction of energy storage in photovoltaic systems. Energy storage facilities are a key step in the development and optimisation of solar energy use. The use of energy storage facilities will enable optimum use of solar energy. Storage of electricity generated during the day that can be used at night or during cloudy days. This makes the system more efficient and self-sustaining. In addition, the use of energy storage reduces energy costs. Electricity storage facilities accumulate energy generated during high-production hours and then use it during periods when energy costs are high (e.g., during peak hours). Energy storage facilities help to stabilise the power grid through their ability to store surplus energy at low-demand times and use it at times of high loads. This approach helps smooth out variations in both energy production and consumption, mitigating grid overload during peak periods and compensating for unexpected fluctuations in production from renewable sources like photovoltaics. This helps to keep the voltage and frequency steady, minimising the risk of faults and ensuring smooth operation of the entire power system.



Another recommendation is for photovoltaic systems to use trackers. The use of trackers brings with it a number of benefits that improve the efficiency and effectiveness of solar energy production. Tackers boost energy efficiency by dynamically tracking the movement of the sun throughout the day. This solution enables photovoltaic panels to make maximum use of solar radiation during daylight hours, leading to a substantial improvement in efficiency compared to fixed mounting systems. With the ability to track the sun’s movement, trackers set photovoltaic panels in an optimal position relative to the direction of the sun’s rays. This leads to more energy being generated daily, especially compared to fixed mounting systems. In addition, trackers adjust the angle of the panels depending on the season to take maximum advantage of solar radiation in both summer and winter. This results in higher energy production throughout the year.
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Figure 1. Electricity production in Poland. Source: [9] https://globenergia.pl/ponad-21-energii-pochodzilo-z-oze-miks-energetyczny-i-struktura-produkcji-energii-w-polsce-w-2022-r/ (accessed on 16 October 2023). 






Figure 1. Electricity production in Poland. Source: [9] https://globenergia.pl/ponad-21-energii-pochodzilo-z-oze-miks-energetyczny-i-struktura-produkcji-energii-w-polsce-w-2022-r/ (accessed on 16 October 2023).



[image: Energies 17 00265 g001]







[image: Energies 17 00265 g003] 





Figure 3. Verification and analysis of the collected materials. Source: The authors’ own work. 
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Figure 4. Position of modules in different exposure arrangements. Source: the authors’ own work. 
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Figure 5. Rooftop arrangement of modules. Source: the authors’ own work. Symbols: α = angle of inclination of the panels; β = angle of incidence of solar rays; AR = length of module in base projection; and AM = length of incident shadow. 
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Figure 6. Distribution of energy prices in PLN/MWh on a monthly basis in the years 2016–2023. Source: the authors’ own work based on https://energy.instrat.pl/ (accessed on 21 June 2023). 
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Figure 7. Distribution of energy prices in PLN/MWh by hour in 2022. Source: https://energy.instrat.pl/ (accessed on 3 July 2023). 
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Figure 8. Daily energy price fluctuation and volume on 3 June 2023. Source: Polish Power Exchange (1 August 2023) (exchange rate PLN/USD). 
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Figure 9. Daily energy price fluctuation and volume on 15 June 2023. Source: Polish Power Exchange (1 August 2023) (exchange rate PLN/USD). 
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Table 1. Selected scientific paper concerning with photovoltaic issues.
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	Title of the Paper
	Main Issue Discussed in the Paper





	A comprehensive review and outlook of bifacial photovoltaic (bPV) technology
	The paper discusses the advantages, disadvantages, potential, and limitations of bifacial photovoltaic modules representing a new technology compared to traditional modules [18].



	Future challenges for photovoltaic manufacturing at the terawatt level
	The work identifies the key role of renewable energy sources in creating a zero-carbon energy economy, in which photovoltaics and energy storage are to take centre stage. Attention is drawn to aspects such as the rapid development of photovoltaic technology and cost reduction as well as problems of reducing the silver used in module production [19].



	European Green Deal
	The article explains the concept of the European Green Deal, the main climate plans, and how to implement them [20].



	Photovoltaic Farms—Economic Efficiency of Investments in North-East Poland
	The study investigates the economic viability of photovoltaic farms in northeastern Poland, taking into account a number of impact factors in the investment, such as farm size, solar exposure within the area as well as power plant cost and financing [21].



	Location and Technical Requirements for Photovoltaic Power Stations in Poland
	The paper presents photovoltaics as one of the fastest growing and most-promising renewable energy sources, which is expected to form the economic backbone of the Polish energy policy. It also identifies technical and location requirements as well as constraints affecting existing and planned photovoltaic farms [22].



	Development of Photovoltaic Energy in EU Countries as an Alternative to Fossil Fuels
	Photovoltaics is discussed as an alternative to fossil fuels, representing the cornerstone of the EU’s energy policy and an important stage in the transition towards a zero-emission economy. The article presents a series of statistics that show the leading and fast-growing countries in the photovoltaic segment [8].



	The Importance of Renewable Energy Sources in Poland’s Energy Mix
	The text describes renewable energy sources as an important aspect of Poland’s energy mix. It highlights various zero-emission alternatives for energy production, along with their most significant disadvantages, advantages, and future development potential [4].



	Economic and Technical Aspects of Flexible Storage Photovoltaic Systems in Europe
	The study investigates photovoltaic prosumer installations in selected European countries from an economic and a technical point of view, while also surveying the ability to store the energy produced and its impact on the cost-effectiveness of micro-installations [23].



	A high-resolution geospatial assessment of the rooftop solar photovoltaic potential in the European Union
	This paper uses the collected data and the developed methodology to assess the potential of roof-mounted photovoltaic modules in the European Union, giving consideration to the key points of difference in technical and economic analyses for each country [24].



	Renewable Energy in the Pomerania Voivodeship—Institutional, Economic, Environmental and Physical Aspects in Light of EU Energy Transformation
	This study outlines a PEST analysis to identify the macro-environment in Pomerania in the context of renewable energy sources. It uses the results to identify the economic and environmental potential for the development of wind and solar power plants. The paper examines the region’s potential, following up with a discussion of the importance of the implementation of the energy policy objectives in Poland and in the European Union [25].



	Analysis and Evaluation of the Photovoltaic Market in Poland and the Baltic States
	The work examines the market and prospects for photovoltaics in Poland and the Baltic States, identifying energy trends, energy prices, and total energy distribution for each country over the years. The analysis and data suggest that development potential for renewable energy sources, mainly photovoltaics, should inform each country’s energy policy as a way to achieve energy independence [26].



	Business plan of the company of repair and maintenance outboards and boats—“Technoservice”
	This paper presents the concept of DEEPLIST analysis, describing its key components to be used in further research [27].



	Analysis of Photovoltaics in Egypt using SWOT and PESTLE
	The text presents two analyses of photovoltaics in Egypt to be used as a template for market assessment in each subsequent country. The paper carries out a SWOT analysis to identify four determinants of PV development: strengths, weaknesses, opportunities, and threats.The second analysis is PESTLE, and the authors used it to identify the key macroeconomic factors of the photovoltaic market in Egypt [28].



	SWOT analysis of renewable energy sector in Mazowieckie Voivodeship (Poland): current progress, prospects and policy implications
	The article presents the current market for renewable energy sources in Mazowieckie Province and the potential for its development. In order to highlight the differences, limitations, and opportunities, the authors conducted a SWOT analysis of each of the energy sources studied. The study covered wind, solar, hydro, and bio- and geothermal energy. The research found that solar, wind, and bioenergy should form the backbone of renewable energy development in Mazowieckie Province [29].










 





Table 2. DEEPLIST analysis for an investment related to the construction of a photovoltaic farm.
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Parameter Factor Description/Characteristic and Factor Description




	
Factors

	
Positive

	
Negative






	
Demographic

	
Population growth leads to a greater demand for energy, thus increasing the need for photovoltaics.

Age structure—Ageing societies may be more willing to invest in green technologies, including solar PV, due to greater environmental awareness and long-term financial benefits.

Sex—women often show higher environmental awareness and a greater commitment to sustainability and environmental issues. Men are more likely to trust new technologies, which may contribute to a positive perception of and interest in photovoltaics as an innovative solution.

	
Population density—in densely populated areas, such as large cities, the limited availability of space can make it difficult to install solar panels on private properties.

Older people may be less open to new technologies and may have concerns about operating and maintaining photovoltaic panels.




	
Economic

	
Economies of scale—greater investment allows for a better cost/power kWp (Kilo Watt Peak) performance



Financial support programmes—non-repayable grants of up to several tens of percent of eligible costs and attractive credit termsGrowing demand for electricity guaranteeing investment stability in the long term



Hourly energy sales rates, particularly beneficial for farms with WE orientation (east–west), with a more even daily distribution of energy production

	
Increase in inflation and interest rates, lengthening the investment return period



Sustained sales prices without consideration of real costs—extended payback period




	
Ecological

	
A clean and inexhaustible source of energy



Displaces emission-intensive sources of energy production



Technology developed for PV module disposal and recycling



Silicon as a basic panel component—low environmental impact of production

	
Generation of photovoltaic waste



Intermediate products and media used in production as potential environmental hazards

Satisfactory level of insolation (900–1200 kWh/m2)




	
Political

	
National and European support programmes (financial, administrative, formal, and legal)

	
Energy prices artificially regulated by government



Problems with obtaining planning permits (lack of a developed energy infrastructure in Poland)



Lack of sustained and expansive development of energy infrastructure suitable for renewable energy, due to the prevailing political preference for fossil fuels




	
Legal

	
Hourly rates applied for selling energy to the grid



Production licensing and sale of electricity

	
Complex administrative procedures for construction and operation



Lengthy administrative procedures



National and EU regulations on the RES market

High degree of regulation at national and EU levels (tax rates, excise duty, and energy price regulation)




	
Information

	
Outreach activities to popularise photovoltaics as a source of green energy

Local, national, and EU programmes to promote photovoltaics

Industry events (trade fairs, conferences, and symposia)

	
Relatively low awareness of RES and distributed energy in Poland




	
Socio-cultural

	
Large and growing public acceptance of RES and photovoltaics in particular



Growing sensitivity in Poland to environmental issues

Prosumers’ quest for energy independence



The rise of an “industry”: large companies, associations, NGOs, dedicated websites, magazines, etc.

	
Part of the population attached to traditional methods of energy production from fossil fuels



Action by the coal “lobby” to impede environmentally friendly solutions




	
Technology

	
Technological developments to generate more power from the same area



Trackers allowing PV panels to be repositioned according to the position of the sun



Inverters with power reduction option—better cooperation with overloaded grid (source needed)



Development of energy infrastructure to enable the connection of additional distributed sources



Development of technologies related to the processing of photovoltaic components—creating a closed circuit



Development of energy storage facilities—allowing energy to be sold at the optimum point in the daily production cycle

	
none








Source: The authors’ own work based on [26,41,42,43,44,45].



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
Totalenergy price per 1 Mwh in PLN

Godins






media/file4.png
m Photovoltaics m Wind power plants m biomass/biogas m Hydropower plants

m Natur