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Abstract

:

Poland needs to fulfill its climate goals and become “climate neutral” by 2050. The plan is intricate for the Polish Government because coal-powered power plants generate about 80 percent of electricity in the country. Although policymakers are making an effort to redesign the energy sector, a lot still remains to be done. The viral trend in that transformation involves installing photovoltaic (PV) panels by private, corporate, and self-government investors. For example, the “My energy” support program of the National Fund for Environmental Protection and Water Management has helped finance 220,000 micro-PV installations. The achievement is significant but constitutes only partial success. PV powerplants will not simply replace coal powerplants. That is why the research on the ecological distributed energy generation systems has to be executed. The article presents the research results on ecological distributed energy generation systems, making the transformation of the Polish energy sector possible. The study’s primary objectives were to review the energy situation with particular attention paid to the technologies that could be used as the ecological distributed energy generation systems and draw the scenarios for the sector development. The authors used Desk research, the Delphi method supported with the Computer Assisted-Web Interview (CAWI) technique, and the Weighted SWOT analysis to fulfill the objectives. The findings showed that photovoltaic (PV) systems would be the fastest-growing energy sector even in the perspective of doubling the energy consumption by 2050. Private investors investing in ecological distributed energy generation systems, especially the PV systems mentioned above, and biomass or biogas systems, would significantly help policymakers, including those in Poland, fulfill the climate goals.
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1. Introduction



“Energy cannot be created or destroyed; it can only be changed from one form to another.” (Albert Einstein)






“Nothing is lost, nothing is created, everything is transformed.” (Antoine-Laurent de Lavoisier [1])





Energy has become one of the most strategic resources for countries to retain their sustainable development ability. Human beings require more and more electricity and heat to perform their daily activities, which leads to increased energy consumption. If the current trends continue, global energy demand will double by 2050 [1]. Polish policymakers face that demand-driven challenge and must also fulfill the climate goals, including becoming “climate neutral” by 2050. Achieving this is even harder because coal-powered facilities have about eighty percent of electricity in Poland, and the country is under growing pressure from the EU to reduce emissions as soon as possible.



Luckily, science and practice show that a strong innovation wave is growing in the energy sector, resulting in a disruptive change in the efficiency of clean energy facilities and cutting the unit cost of energy production [2,3,4,5,6,7].



Some energy sector analytics, such as Lovins A., declare that achieving the energy transformation goal is possible. He said that “dependence on oil and coal could be eliminated by 2050 while switching to efficient use and renewable supply”, implementing only existing technologies [3,7]. Other inventors and scientists such as McDonough W. and Braungart M. claim that it can be achieved even without reducing the quality of life. The authors have declared using clean and renewable energy as one of the fundamental issues of their “Cradle to cradle” concept: “Living things thrive on the energy of current solar income. Similarly, human constructs can utilize clean and renewable energy in many forms—such as solar, wind, geothermal, gravitational energy and other energy systems being developed today—thereby capitalizing on these abundant resources while supporting human and environmental health”.



The article presents the research results on ecological distributed energy generation systems, making the transformation of the Polish energy sector possible.



The main objectives of the study included:




	
To review the global energy situation with particular attention on the technologies that could be used as the ecological distributed energy generation systems;



	
To review the technologies that could be used as ecological distributed energy generation systems from the perspective of Poland.








The following research questions were asked:




	(a)

	
If the renewable energy sources could provide sufficient energy to replace the conventional energy sources (from global and Polish perspectives)?




	(b)

	
What renewable energy sources are suitable as ecological distributed energy generation systems in Poland?




	(c)

	
What are the most Strengths, Weaknesses, Opportunities, and Threats for the essential technologies to replace conventional energy sources in Poland?




	(d)

	
What are the scenarios for energy production in Poland?









The novelty of this study is the use of the weighted SWOT analysis method to analyze the Polish energy sector and individual electricity production systems. When one enters the phrase “weighted SWOT” into the Google Scholar search engine, one only finds about 70 results, of which about 30% are associated with energy. “Google Scholar” returned more than one and a half million results after searching “SWOT”. The application of the above analysis was the basis for achieving the research goals set by the authors. The following study applied a weighted SWOT to Poland, but it can also be used on a voivodeship, city, or commune scale.



This study may be of interest to politicians, local government officials, managers of public, private, and non-profit organizations, and environmental activists, and engineers in the field of environmental protection. Genuine care for the planet, expressed, among other things, through the optimization of energy production processes, should be part of the typical activities of the stakeholders mentioned above and, just like ordinary people, should not be dominated by any field of science.



Another novelty of this study is showing the reader the so-called “big picture”; that is, a bird’s-eye view, which allows people specializing in a vase in their fields to have a different look at the issues of energy production own business.




2. Materials and Methods


The authors used the following methods to achieve the objectives and outlines in the introduction:




	
Desk research—a literature review was performed on reports and academic publications obtained mainly from the digital libraries. The desk research results were used to prepare the global energy situation review, characteristics of the different energy sources that could be used in distributed power plants, and partly the current state of production and prognosis of energy in Poland. The desk research results were also used to prepare the CAWI survey used in the Delphi method to collect the information from participants.



	
The Delphi method—was developed by RAND Corporation in 1950 [7]. The Delphi approach makes use of an interactive iterative technique to look for professionals in assess or behavior predictive research. The classical Delphi approach consists of 4 key features: anonymity, iteration, managed feedback, and statistical summary [8,9,10,11]. The CAWI method became used to guide the Delphi approach. The CAWI technique was used to support the Delphi method.



	
The Computer-Assisted-Web Interview (CAWI) technique—authors used the method to collect experts’ opinions on energy sources in ecological distributed energy generation systems, especially their strengths, weaknesses, opportunities, and threats. A mostly five-point scale was used. The data were collected in two rounds. In the first round of the survey, mainly open-ended questions were included. Then in the second round, the survey included five-point scale questions to evaluate the most frequent factors from the first round. Finally, the authors analyzed the collected data to prepare the weighted SWOT



	
The Weighted SWOT analysis—SWOT analysis is a widely used technique to map out the present Strengths (S), Weaknesses (W), Opportunities (O), and Threats (T). The SWOT Analysis has two main steps: listing the key internal strengths and weaknesses and listing the key external opportunities and threats. Because SWOT analysis is often subjective, the authors prepared a weighted SWOT score matrix, where the metrics are defined as below:




	○

	
Weight (W)—the relative importance of a given factor in the range from 0.00 to 1.00 (0.00—insignificant factor; 1.00—significant factor). The total weight −1.00;




	○

	
Rating (R)—on a scale from 1 to 5. The higher rating, the more like to attain;




	○

	
Weighted score—that was computed by multiplying each factor’s weight by its rating;




	○

	
Total Weighted Score (TWS) = (W) × (R);




	○

	
Internal Factors Ratio (IFR) = (S TWS)/(W TWS).




	○

	
External Factors Ratio (EFR) = (O TWS)/(T TWS) [12,13,14,15].














The template of the Weighted SWOT analysis is presented in Table 1.



The authors have described the most popular energy sources in the following aspects:




	
General characteristics;



	
Current usage;



	
Possibility to use as a distributed powerplant;



	
Usage potential;



	
Levelized cost of energy (LCOE).








The LCOE is calculated and discussed in this section from an economic point of view (excluding transfers such as grants, taxes, or other financial incentives (e.g., the LCOE calculated from a financial or investor’s point of view include these transfers)). The LCOE is calculated as follows: (3)


LCOE = ACC + VOMC + FC + FOMC



(1)







	
“ACC, VOMC, FOMC, and FC—annualized capital costs, variable O & M costs, fixed O & M costs, and fuel costs.






All these costs are expressed in terms of energy ($/MWh). ACC and FOMC are calculated as presented below” (4):


ACC = (OC∗CRF∗1000)/(CAF∗24∗365)



(2)






FOMC = (FXC∗1000)/(CAF∗24∗365)



(3)







	
OC means a lump-sum investment of a facility ($/kW), and FXC is the annual fixed costs $/kW. CRF is the capacity recovery factor that converts the costs expressed in terms of capacity to the related costs in terms of energy. CAF is the capacity availability factor.






The fuel cost does not apply to renewable technologies, except biomass. It is determined based on the heat content of a fuel (HC), fuel prices (FP), and the heat rate of the system (HR). Fuel prices are in USD per metric ton of coal. Heat content—the amount of heat, in kilocalories (Kcal) or megajoules (MJ), divided by one physical unit of the fuel (MJ/kg). “Heat rate is the inverse of the thermal efficiency of a power plant; it refers to the amount of heat needed to produce one unit of electric power (MJ/kWh). Thus, the fuel cost (FC) was calculated as:


FC = (FP/HC)∗HR



(4)







Finally, the CRF is derived by using the discount rate (r) and the economic life (n) of a plant as follows” [15,16]:


CRF = {r∗(1 + r)n}/[{(1 + r)n} − 1]



(5)








3. Global Energy Situation Review


Human beings have always used energy to fulfill needs and to transform the world around them. When considering energy consumption from 1800 to 2019, its growth is exponential and could be described with a function. e = 2.71828 is Euler’s number. The “x” occurs as an exponent (1). The R2 indicator—0.9671 is very high in that case and shows that the curve equation almost perfectly fits the analyzed data (2).


  y = 0.1449  e  0.1329 x    



(6)






R² = 0.9671



(7)







When considering the energy sources’ mix, traditional biomass gave 5653 TWh in 1800, and 11,111 TWh in 2020. That means over 100% growth, but it was the slowest growing energy source (Figure 1).



Coal was the second traditional primary energy source. It delivered about 97 TWh in 1800, and 44,109 TWh in 2019. In the 19th century, coal was the primary energy source to enable the “1st Industrial Revolution” and was 55.23% of the global energy mix in 1910. Since then, no primary energy source achieved such a significant share in the world energy mix. The percentage of coal in the global energy mix has been declining and now is about 25.7%.



Oil was the third primary energy source that has appeared in the 19th century and has become the essential energy source. The history of oil began in occupied Poland. The Polish pharmacist, engineer, businessman, inventor, and philanthropist Ignacy Łukasiewicz was the pioneer who designed the world’s first modern oil refinery in 1856. “His achievements included discovering the methods of distilling kerosene from seep oil, the invention of the modern kerosene lamp, the introduction of the first modern street lamp in Europe, and the construction of the world’s first modern oil well” [18,19]. Oil has provided 53,620 TWh in 2019, and was the first most crucial energy source, but its share was about 31% at that time. It obtained its highest share—43.3% in the global energy mix in 1973.



Natural gas was the fourth most crucial energy source in 2019. The history of gas also began in the 19th century. The popularity of natural gas is still growing. In 2019, gas provided 39,292 TWh, which constituted 22.5% of the global energy mix.



Hydropower was the fifth most crucial energy source in 2019. It has provided 10,455 TWh, making 6.05% of the global primary energy mix—the most significant share of the renewables.



Nuclear fusion was the sixth most important primary energy source in 2019. It provided 6923 TWh and about 3.99%.



Recently, the most popular renewables: wind, solar, and modern biofuels, and other sources provided 4.64%, merely 1.64% more is considered a statistical error in the analysis. It has to be mentioned that all of the four primary energy sources used in 2019 were fossil fuels that have provided around 147,876 TWh, making 85.31% of the global energy mix.



This is the perfect time to ask about the possibility of the total reconstruction of the global energy mix by 2050. However, please wait a little bit for the answer and scenarios for the future related to Poland.



Other statistics are even more interesting, such as the energy consumption per capita. Qatar was the first place according to primary energy consumption in 2020—200.00 MWh per capita. The rest included: Iceland—181.38; Singapore—171.23; Trinidad and Tobago—143.26; United Arab Emirates—138.42; Kuwait—108.99; Canada—106.38; Norway—91.97; Saudi Arabia—90.17; and Oman—85.21. The average energy consumption was 21.19, and the median value—28.71 MWh per capita. That means that the average use of primary power sources is about 9.4× lower than the consumption in Qatar. Poland with 31.61 was between median and average. Almost all countries in that ranking acquire their energy primarily from fossil fuels they possess and excavate. That means that the countries’ governments could not be particularly interested in energy transformation. According to the UN, there is one exception—Iceland, which could be the model energy transformation for the world because over 85% of the energy consumed there was acquired from renewable energy sources [20,21].



The factor that encourages the investment in renewable energy sources is the combination of the cost of energy generation and the market price of the electricity. According to the authors, this relationship is essential in encouraging potential investors to invest in distributed power plants. Figure 2 presents the average wholesale baseload electricity prices for the first quarter of 2021 [21].



Compared to the previous year, the average electricity prices in the EU have grown 57% compared to the preceding 12 months. The highest growth has been observed in (a) Norway (about 190%), (b) Sweden (about 160%), (c) Denmark (about 130%), and (d) Finland (about 100%).



Although that situation means higher prices and enabling inflation, it will still boost investment in the eco-distributed power plants.



Will the growing trend continue? It depends. EU citizens might remember when in 2009, the EU called for withdrawing traditional halogen light bulbs [22]. The only developed lightning technology at that time was compact fluorescent lamps (CFL). Unfortunately, that technology was much more expensive than traditional halogen lightbulbs. Light emitting diode (LED) technology was marginal at that time. Nowadays, consumers prefer LED instead of CFL [22,23,24]. The same case could be with energy generation, and that is why relying only on statistical data referring to changes in the technology, including energy technology, is useless. Statistical information has nothing to do with “destructive technologies” that appear on the market and are changing it dramatically. The exact mechanism could be seen in other sectors, too [25,26]. This is why the authors treat the statistical analysis as background for further additional analysis like expert panels with the Delphi method and CAWI surveys.



For those who think that the status quo in which fossil fuels burned traditionally will still be the leading source of energy, the words of Don Huberts should be recalled. He was “convinced that fuel cells, which generate clean energy from hydrogen, would soon replace power stations and cars that mostly burn coal, oil, or natural gas” [26]. The Royal Dutch/Shell manager said: “The stone age did not end because the world ran out of stones, and the oil age will not end because we run out of oil”.




4. Characteristics of the Different Energy Sources That Could Be Used in Ecological Distributed Energy Generation Systems


The following energy generation systems are characterized in that section: ● Photovoltaic systems; ● Concentrating Solar Power (CSP) system; ● Wind systems; ● Natural Gas; ● Geothermal systems; ● Hydropower systems; ● Coal systems; ● Nuclear systems; and ● Biomass and biogas systems.



Photovoltaic systems are designed to provide usable solar energy through photovoltaic cells. The system consists of various modules, including ● solar panels that absorb sunlight and convert it into electricity; ● solar inverter to convert direct current to alternating current; ● plumbing; ● cables; and ● other equipment. PV systems range from an integrated roof or building systems with several kilowatts to large power plants of several hundred megawatts. Nowadays, most photovoltaic systems are on-grid, while off-grid systems make up a small market [27,28,29,30,31,32,33,34,35,36,37]. In the publication year, PV systems are mostly made from crystalline silicon (c-Si), and the most popular on the market are:




	
Monocrystalline silicon (mono-Si) solar cells feature a single-crystal composition;



	
Polycrystalline silicon cells that are made from cast square ingots—large blocks of molten silicon carefully cooled and solidified.








It has been estimated that the silicon-based PV systems efficiency is limited to about 30%, which outputs about 330 (Pmax) W/m2. According to respondents who took part in the survey, PV systems have become “disruptive technologies” and could be most suitable for distributed power plants [38,39]. According to the respondents or literature sources, the popularity of PV systems will grow because the systems are becoming cheaper and cheaper over time [40,41].



The photovoltaic systems are very elastic in terms of their application, for example, (a) rooftop and building integrated systems; (b) photovoltaic thermal hybrid solar collector; (c) power stations; (d) agrivoltaics; (e) rural electrification; (f) spacecraft applications; (g) indoor photovoltaics (IPV); and (h) spacecraft applications [41]. In the future, this technology will be even cheaper and more accessible due to research on Perovskite solar cells (PSC). “PSC is a type of solar cell that includes a perovskite-structured compound, most commonly a hybrid organic–inorganic lead or tin halide-based material, as the light-harvesting active layer. The researchers have estimated that solar systems based on PSC could gain efficiency about 66%” [42,43,44,45,46,47,48,49]. That means the potential output is about 1200 (Pmax) W/m2. It is even more important that perovskite PV systems, according to Saule Technologies, can be placed on almost every surface that makes them perfect for building distributed powerplants [44,45]. The advantages of PV systems include: (a) high reliability; (b) strong persistence; (c) low maintenance costs; (d) zero fuel consumption; and (e) strong independence. The most important disadvantages of photovoltaic systems are (a) high start-up cost, (b) available solar radiation instability, and (c) have energy storage requirements. According to the IRENA photovoltaic system, even based on silicone, in 2019, it had the lowest LCOE—618.00 USD/kW (Table 2). That makes it one of the most economic-efficient energy systems. The cost per unit in 2019 was about 0.25 USD/kWh and competed with hydropower systems and biofuels. The experts predict that with upcoming perovskite and mix silicon-perovskite in no more than five years, photovoltaic systems will be the most economically effective from the others discussed in the paper.



Concentrating Solar Power (CSP) systems—sunlight is focused by mirrors or lenses on the receiver generating a large amount of energy. When sunlight is converted into heat (solar heat), electricity is generated, connecting a heat engine (usually a steam turbine) with an electricity generator, or carrying out a thermochemical reaction. “The CSP had a total installed capacity of 5500 MW worldwide in 2018, compared to 354 MW in 2005” [34,35,36]; in 2020, 133 powerplants in 22 countries [45]. According to the experts’ system, concentrating solar power (CSP) is also a “disruptive technology”, but technical aspects are not accessible for individuals or small businesses. This is why the potential of using solar power (CSP) as distributed powerplants is more limited than photovoltaic systems. It is not very popular technology.



Wind systems—onshore wind is the type that blows straight from the sea. On the other hand, an offshore wind is composed of waves that blow from the ground. In 2019, wind power provided 1430 TWh of electricity, equivalent to 5.3% of global electricity production, with a worldwide installed wind capacity of over 651 GW, an increase of 10% compared to 2018. According to the experts, the onshore and offshore wind systems are also “disruptive technologies.” Offshore wind systems, due to technical aspects, are not so accessible for individuals or small businesses. Onshore wind systems are very scalable and more accessible for smaller investors. The experts predict that due to ongoing research on wind turbines, they will be more effective. Figure 3 presents different wind turbines that could have been in various industrial, commercial, or residential installations. The LCOE of the onshore wind turbine systems is second-lowest from analyzed energy generation systems—Table 2.



Natural Gas systems—Natural gas belongs to fossils but burns more cleanly than others. The systems that transform energy are mainly gas turbines and steam turbines. Natural gas burns. Natural gas could support future renewable energy sources. Natural gas is used in nearly every country and is traded on every continent. The LCOE of the natural gas made it the most attractive energy—Table 2. Technologies like micro-combined heat and power (CHP), which produce power and heat from natural gas, could be the disruptive technology that keeps natural gas as one of the most important energy sources, and makes the technology very important in ecological-distributed powerplants [50,51].



Geothermal systems—is the thermal energy from Earth’s crust. In 2019, 13,900 MW (MW) of geothermal energy were retrieved worldwide. Since 2010, 28 gigawatts of direct geothermal heating systems have been installed. Geothermal power generators have been used in 26 countries and heating facilities in 70 countries [52,53,54,55]. Although the LCOE of the geothermal systems was above the average for renewables (Table 2), they are promising alternatives for fossil fuels depending on the individual counties’ physical conditions. According to the experts, small-scale geothermal energy systems could build ecological distributed powerplants in countries that are rich in geothermal sources. This point of view has also be seen in recent publications [56,57].



Hydropower systems—Hydropower systems installed capacity was 1308 GW in 2020, making over 71% of all RES in 2020. Hydropower generated [2] and was expected to increase by about 3.1% each year for the next 25 years. As can be seen by LCOE analysis, the cost of hydroelectricity was low. When natural conditions are available, hydropower systems are the most compatible of RES. Traditionally, hydropower systems are related to rivers or water reservoirs [58,59,60]. According to the experts, small-scale hydropower energy systems could even be used as power accumulation for PV or wind turbines to store energy when more energy from renewables is produced than used and retrieved when it is needed.



Coal systems—traditional coal transformation is conducted by burning coal to generate heat or electricity. Coal-fired power plants are responsible for one-third of the world’s electricity, “but cause hundreds of thousands of early deaths each year, mainly from air pollution” [60,61]. According to the experts and current literature, there are technologies to burn coal cleanly [62,63]. There are also technologies to transform coal into gas underground [64,65]. Coal in the future may be treated as a clean energy source because of the proper transformation process that coal will undergo. The possibility of using coal as ecological distributed powerplants strongly would depend on the technology applied to transform coal into energy.



Nuclear systems—atomic energy can now be produced by nuclear fusion and decay. At present, the great majority of electricity is generated through nuclear fission of uranium and plutonium. In 2019, civilian atomic power generated 2586 TWh, or in other words, nearly 10% of worldwide energy output. That made nuclear systems the second-largest low-carbon power source. At the beginning of 2021, there were 442 civilian facilities, with 392 GW.



Moreover, there were 53 facilities under construction and 98 planned. There is a popular hypothesis regarding cold fusion [66,67,68]. That it is only a matter of time that clean fusion generators would be in nearly every home [68]. Temporary in many countries, there is a fear of implementing this type of technology because of spectacular nuclear catastrophes such as the Chernobyl Nuclear Power Plant—1986, and the Fukushima Daini Nuclear Power Plant—2011.



Biomass and biogas systems—The facilities use green or animal wastes to produce heat or electricity. Although biomass technically can be used directly as a fuel, some people use biomass and biofuel interchangeably [69,70]. According to the experts, biomass systems are excellent solutions for the ecological distributed powerplants, especially in rural areas.




5. The Current State of Production and Prognosis of Energy in Poland


5.1. Polish Energy Sector—Overview and Limitations


Every analysis should start with the demand side, followed by the supply analysis. It is good to put the study in context to understand the upcoming trends better. This idea highlighted the following analysis. The data from Poland were presented in the context of Germany and the EU or the world average. The previous research performed by the authors on different economic branches ensured that analyzing trends in Germany was helpful to predict changes in Poland.



The primary energy consumption in MWh per capita changed from 1965 to 2019. While the consumption of primary energy per capita in the world was growing over the analyzed period, the energy consumption per capita in Germany and Europe (average) was maximum in the early 1990 of the XX century and then started to fall. In 2019, the consumption in Germany was 78.3% of its maximum and 85.1% in Europe. The consumption in Poland dropped rapidly from 1990 to 2001 due to the fall of communism (Figure 4). From 2002, energy consumption had started to grow again. The period from that year should be taken into consideration to predict the consumption for the future. In 2019, the consumption in Poland was 71.7% of the consumption of Germany. The authors have estimated that the consumption in Poland and Germany would be equal in the statistical scenario in about 2040.



The change in primary consumption in Poland can be described by the equation below. The R-Squared (R2) indicator over 0.5 is acceptable.


  y = 0.2827 x + 26.904  



(8)






R² = 0.6217



(9)







The costs of fuel and energy in Poland constitute a significant share of household expenditure. According to Jurdziak and others [71,72,73], this share may be over 20%. That means that an increase in energy prices contributes to the impoverishment of society.



When analyzing the energy balance of Poland (Figure 5) from 2014 (except 2015), it turns out that electricity production in Poland did not cover the demand. Unfortunately, the experts predict that without a restructuring program of the Polish energy sector, the gap between demand and supply will increase, which is dangerous for the country’s energy security.



The supply of the Polish energy system in 2019 was one of the largest in Europe [71,72] was covered mainly by coal-fired power plants—about 70% of the installed capacity [71,72]. Unfortunately, many outdated power plants and combined heat and power plants operate in Poland.



Agencja Rynku Energii S.A. (ARE) has reported in 2019 that hard coal systems with 23.9 GW had 50.4% of Poland’s total installed capacity, which output 78.9 TWh of energy production and was 48.1% of total energy production in Poland. The second biggest share in the installed capacity was lignite—9.3 GW; 19.6% made 41.7 TWh; 25.5% of energy production. The other were natural gas systems—2.7 GW (5.7%) installed capacity and 14.5 TWh (8.8%) production; other industrial systems 0.6 GW (1.2%) installed capacity and 3.0 TWh (1.8%) production; pumped-storage systems 1.4 GW (3.0%) installed capacity and 0.7 TWh (0.4%) production. The total renewable energy systems had 9.5 GW (20.1%) installed capacity and 25.2 TWh (15.4%) production (hydropower systems 1.0 GW (2.0%) installed capacity and 2.0 TWh (1.2%) in production; onshore wind systems 5.9 GW (12.5%) installed capacity and 15.1 TWh (9.2%) production; biogas systems 0.2 GW (0.5%) installed capacity and 1.2 TWh (0.7%) production; biomass systems 0.9 GW (1.9%) installed capacity and 6.3 TWh (3.9%) production (including co-firing); and photovoltaics systems 1.5 GW (3.2%) installed capacity and 0.7 TWh (0.4%) production [73,74,75,76].



The structure of the energy facilities in Poland correlated to the structure of primary energy consumption by source (Figure 6).



Based on the opinion of the experts and the previous studies, the weighted SWOT analysis of the Polish energy sector has been made (Table 3). It has to be said in terms of the world energy transformation that the Polish energy sector does not fit those trends. A lot has to be done to build a future Polish energy sector that fulfills the EU policy regulations and demand requirements.



The conclusion from the weighted SWOT matrix for the Polish energy sector (Table 3) was not very optimistic. The internal factors ratio (IFR) was below 1, meaning the weaknesses were more critical than strengths. Opportunities and threats were balanced, which means that development perspectives of the Polish energy sector are not favorable. The ratio between internal factors ratio (IFR) and external factors ratio EFR) was 0.96:1.00. The strategy of the Polish policymakers should be focused on building or better allowing private investors to build distributed energy generation systems, especially photovoltaic systems, wind systems, hydropower systems, biogas, and biomass systems [27,77,78,79]. The Polish policymakers’ strategic activity should also modernize and keep good quality energy distribution grids.



In Poland, the sources of distributed energy generation systems are classified as follows according to the “installed capacity:




	
Microgeneration systems—from 1 W to 5 kW;



	
Small generation systems—from 5 kW to 5 MW;



	
Medium generation systems—from 5 MW to 50 MW;



	
Large generation—from 50 to 150 MW” [70].









5.2. Photovoltaic Systems


Private investors, especially prosumers, have noticed the advantage having of PV systems in Poland. Installed capacity in photovoltaics at the end of 2020 was almost 4 GW, which means a 200% increase year on year. According to experts, PV is one of the most flexible systems to establish many ecological distributed powerplants. Its growth was exponential and could be described with the Equation (10). The R2 indicator—0.9672 was very high in that case and showed that the curve equation had described the analyzed data very well (11) (Figure 7).


  y = 8 E − 5  e  1.0858 x    



(10)






R² = 0.9672



(11)







The experts make a remark that, unfortunately, the situation on the PV systems market is highly dependent on politicians’ decisions. Currently, there is information that the rules for collecting energy from prosumers will change dramatically; investing in PV systems will be unprofitable for the prosumers.



According to the Energy Regulatory Office, the number of photovoltaic installations at the end of 2020 was around 460,000. The average capacity of the installed PV system was 5.78 kWp. Photovoltaic installations account for 99.89% of all RES micro-installations. Since 2018, the share of monocrystal PV systems has hit 98% in the year-to-year sales.



The PV systems have tremendous potential for growth. It is estimated that there are 5,522,000 residential buildings in Poland that are suitable for PV systems. The size of the average roof of a residential building is about 100 m2. That gives about 552,200,000 m2 of estimated area for PV systems to be installed. The total area could be from 182.23 GWp capacity installed from silicone PV systems to 662.24 GWp from hybrid or perovskite PV systems. That potential could be even more considerable because PV systems can also be installed on facades.



It is estimated that the PV system could fulfill from 4.0 to 10.0% of electricity demand in Poland.



The efficiency of PV systems could be upscaled 2–3 times by combining them with heat pumps, depending on the COP of the heat pumps.



The conclusion from the weighted SWOT matrix for the photovoltaic systems in Poland (Table 4) was also not very optimistic as for the weighted SWOT matrix for the Polish energy sector presented in Table 3. The internal factors ratio (IFR) was above one, meaning that the strengths were more critical than the weaknesses. The opportunities to threats ratio was 0.86, which means that the photovoltaic systems’ development perspectives are not favorable because of extreme dependence on political decisions. The balance between the IFR and EFR was 1.10:0.86. The Polish policymakers’ only strategy should be to not disturb the private sector and to provide energy distribution grids to handle the new installations. As shown in Figure 7, Polish private investors are very eager to build PV systems and understand the need to convert to a “zero-emissions” policy, but they have to see an economic reason to do it.



This vital activity should also be able to provide affordable and effective solutions to store energy, which requires further research and funding.




5.3. Wind Systems


Out of 6.35 GW of the installed capacity, onshore wind power supplies 12.6 percent of electricity in Poland. New onshore and offshore wind energy development will lead to at least double these figures in the coming years.



The Energy Regulatory Office reported 1239 wind farms in operation in the country in 2020 (including 1111 with a capacity below 10 MW (89.7%) and 128 with a capacity greater than or equal to 10 MW).



The electricity produced from wind sources in the Polish power system has also been systematically growing. In 2020, wind systems delivered 14,174 GWh of energy (compared to 13,903 GWh in 2019).



Wind energy accounted for ca. 8.2 percent of the energy consumed in the country in 2019.



Igliński believes that considering all the limiting criteria, the area excluded from the possibility of locating wind energy is 311.657 km2, i.e., 99.92% of the land area of Poland, i.e., 311.904 km2. That means that only 247 km2 is available for the construction of wind farms, i.e., 0.02% of the country’s territory. Therefore, since introducing the distance act, wind energy systems in Poland have practically stopped being developed [75]. The analysis of Figure 8 clearly shows that the slowdown in the development of wind systems is abnormal in Poland and confirms the claims of Igliński’s thesis claims.



Table 5 presents the the Weighted SWOT Analysis for Wind Systems in Poland.



The conclusion from the weighted SWOT matrix for the wind systems in Poland (Table 5) was also quite optimistic. The IFR was above one, meaning that the strengths were more critical than weaknesses. The opportunities to threats ratio was 1.07, which means that the wind systems’ development perspectives are pretty favorable, but one must remember extreme dependence on political decisions. The balance between the IFR and EFR was 1.10:1.07. This means moderately positive prospects for the development of these systems. The only strategy of the Polish policymakers should be, like in the case of the PV systems, not to disturb the private sector and to provide energy distribution grids that can handle the new installations. The Polish policymakers did precisely the opposite, as was mentioned by Igliński and others [75,76,77,78,79,80,81].




5.4. Hydropower Systems


In Poland, compared to other countries, the use of the water energy potential is incomparably lower, which is primarily due to the climatic conditions, average rainfall, and topography. Traditional hydroelectric power plants could be built in places with large natural slopes or where water could be artificially dammed. Hydropower systems require high initial investment costs (mainly due to construction costs). It was estimated that the share of hydropower in primary energy was about 1.5%. Poland’s hydropower resources alone are estimated at 13.7 TWh per year. If it were possible to fully use Poland’s hydropower systems potential, it would be possible to achieve even ca. 11 GW of capacity in big, and ca. 1.2 GW in small and medium, hydropower plants. In 2020, there were only 18 hydroelectric plants in the country with more than 5 MW.



The conclusion from the weighted SWOT matrix for the hydropower systems in Poland (Table 6) was also quite optimistic. The IFR was above 1–1.45, meaning that the strengths were more critical than weaknesses. The opportunities to threats ratio was 0.98, which means that the hydropower systems’ development perspectives are not favorable because of extreme dependence on political decisions. The balance between the IFR and EFR was 1.45:0.98. This means a favorable situation because strengths and opportunities are more critical than weaknesses and threats. The things that Polish policymakers should do are to manage the potential resistance of society and to promote the building of micro- to medium hydropower power stations primarily in the places where watermills operated over 100 years ago.




5.5. Biogas and Biomass Systems


Poland has considerable resources of biomass and biogas available in every region. It has been estimated that biomass and biogas could fulfill about 15% of the demand for electricity in Poland. Additionally, the facilities could supply 28% of the heat demand. Figure 9 shows the actual number of biogas and biomass systems in Poland in 2020. Their distribution was correlated to the level of agricultural technology.



The conclusion from the weighted SWOT matrix for the analysis for biogas and biomass Systems (Table 7) was also, such as in the case of wind and hydropower systems, quite optimistic. The IFR was above 1–1.04, meaning the strengths were more critical than weaknesses. The opportunities and threats ratio was 1.27, which means that development perspectives of the biogas and biomass systems are the most favorable of the analyzed cases. The balance between the IFR) and EFR was 1.04:1.27. That means an extraordinary situation because strengths and opportunities are more critical than weaknesses and threats. The things that Polish policymakers should do is not to disturb and allow farmers to use the waste they produce as the source of clean energy.



In Poland, in 2020, were about 110 biogas plants. That was eight biogas plants per 1 million inhabitants, while in the Czech Republic, for example, this number was 54. The massive slowdown in biomass and biogas development was the effect of administrative and legal barriers.



The thesis about bad legislation was verified positively by experts and the historical data—Figure 10. Figure 10 presents two scenarios about developing the installed capacity of biogas and biomass systems in Poland. The higher line represents the prediction based on the period from 2005 to 2016, and the lower line is based on the period from 2005 to 2018. The actual number of the biogas and biomass systems followed, unfortunately, the worst scenario.




5.6. Other Energy Systems


Some other energy systems that were less popular or not considered as ecological-distributed energy generation systems have to be mentioned—especially geothermal and small nuclear systems.



	
Geothermal systems—according to the Polish Geological Institute, National Research Institute Poland, it has great potential. According to estimates, the geothermal resources of Poland, available in 80 percent of the country, would be enough to meet the country’s heat needs by 30 percent [83]. It has to be noticed that usability of geothermal resources in Poland is limited by their temperature: (1) level—low-level geotherm—down to 100 m +10 °C temperature could be obtained, which would provide an excellent possibility to set up “water to water” heat pumps, which are more effective during winter than “air to water systems”; (2) level—average temperature geotherm—down to 3 km—the temperature of about +100 °C could be obtained—which is a suitable temperature for a geothermal heating plant; (3) level—high-temperature geotherm—down to 6 km—the temperature of about +200 °C could be obtained—which is a suitable temperature for a geothermal electricity plant. The considerable advantage of geothermal systems is that the systems could be used to heat or cool the facilities.



	
Nuclear systems—“As nuclear power generation has become established since the 1950s, the average size of reactor units has grown from 60 MWe to more than 1600 MWe, with corresponding economies of scale in operation” [84,85]. One can see the growing popularity of small and medium reactors (SMRs), more commonly recognized as “small modular reactors”. SMRs are typically under 15 MWe. There are designed mainly for remote communities. The units can be set up independently or like LEGO bricks, combined in a larger complex. There are also plans to construct tiny self-contained units for distant locations. SMRs are viewed as far more manageable than large ones, especially in terms of costs. Another reason for interest in SMRs is that they may be located in closed coal-fired power plants. “The World Nuclear Association outlines the characteristics of an SMR, which include (a) modest power and compact architecture; (b) modularity of construction; and (c) the possibility for sub-grade siting of the reactor unit, which provides better protection from natural or man-made risks”. Once, the IBM engineers had believed that the world needed five computers a year. They were wrong. Who knows, maybe the SMR for energy generation will be the same for which the Apple II was for the information revolution and will be used instead of classic high pollutive coal power plants in Poland.







5.7. Scenarios for Renewable Energy Sources Development in Poland


Based on the information above and discussion with experts, the following main scenarios for Poland could be drawn:




	
Catastrophe—due to Polish legislation, the current state of the energy sector would be preserved. The government wants to protect the national grid, so for it to change the way to enable and use small on-grid power plants to build new energy systems would be economically unjustified. Some investors decide to set up off-grid, but that would be a margin in the energy consumption scale. The electricity prices mainly due to emission prices go up. The energy to fulfill growing demand would be imported. High energy prices would make the Polish economy uncompetitive;



	
Full RES—that could be treated as a mix of scenarios that the RES technologies would fulfill the demand for electricity and heat. This scenario can be believed because it is estimated that in a single hour, the amount of power from the sun that reaches the Earth is more than the entire world consumes in a year. The RES energy systems, like wind or photovoltaic, do not provide the energy constantly. Currently, there are not efficient enough energy storage systems developed to store enough energy produced to provide reliable power. Only biomass, biogas, and geothermal systems could provide energy regularly. Still, substantial technological development has to be achieved to make them more efficient and ready to fulfill the growing energy demand. For the scenario to succeed, severe investments into the national grid have to be built. The lesson learned from the Grand Ethiopian Renaissance Dam project shows that financing of the dam could be in a public–private partnership.



	
Clean coal and RES—a lot of research has been done on coal gasification [86,87]. Hydrogen, for example, could be the final product of the process. The gasification process could be done underground and in a remote installation. The process would be done in distributed locations. The facilities could be placed near the demand site because the final product would be electricity or heat to provide society or industry. To succeed in this scenario, substantial investments into the national grid have to be made.



	
Nuclear MIX—as time goes and as the Polish energy companies take no action, the only way to fulfill international agreements would be to install SMRs instead of disabling coal plants. To succeed in this scenario, substantial investments into the national grid would need to be made.










6. Discussion


Most Polish researchers and politicians agree that the country faces significant challenges related to the energy sector. The challenge is even more challenging because the Polish economy relies on coal as the primary energy source. Nearly everybody agrees that “something has to be done”. Most of these people also agree that future technology should help to build a low-carbon economy. The papers related to the subject mainly highlight the possibilities and advantages in using RES as a substitute for coal. Of course, physicists argue that it is possible; but still, researchers do not mention the disadvantages and threads that should be considered in constructing a new energy mix for Poland. As the problem affects the entire economy, industry and economists should take part in the discussion and estimate the economic efficiency of the proposed solutions from designing to the utilization of the wastes. This should be an idea for further research. For example, the authors strongly recommend using PV systems as ecological distributed energy generation systems because of their flexibility, use, and growing efficiency. Still, it has to be mentioned that millions of solar panels installed in the last two decades will soon be ready to be disabled and recycled. Recycling is also a considerable problem of wind turbine blades, batteries used as energy storage, and nuclear waste. Making the total cost calculation could change the efficiency of the proposed solutions. This is why further research has to be carried out.




7. Conclusions


The main objectives of the paper were completed:




	(1)

	
Based on literature studies and LOCE analysis, photovoltaic systems would be game-changers to allow the globe to switch to the “zero-emission” economy. The PV systems would be supported with wind systems and biogas systems located mainly in rural areas. In some areas nuclear systems would also play an important role;




	(2)

	
The review of the technologies that could be used as the ecological distributed energy generation systems from Poland’s perspective showed that the PV systems supported with wind systems and biogas systems located predominantly in the rural areas would help achieve the Agenda 2030 goals.









Additionally, the research questions were answered:




	(a)

	
Renewable energy sources could provide sufficient energy to replace the conventional energy sources (from global and Polish perspectives). As mentioned before, the only energy that comes from the sun would fulfill all current and future consumption. The only problem is developing more efficient systems that would transform solar energy and develop energy storage systems that would minimize the weaknesses, especially of the PV and wind systems. From the Polish perspective, the ideal energy mix, in the authors’ opinion, would be PV systems, wind, biogas, and hydropower systems supported with energy storage systems (hydropower systems could also be used as energy storage). The remaining energy could be obtained from natural gas, which also comes from the environmentally friendly coal gasification process.




	(b)

	
PV systems, as well as wind, biogas, and hydropower systems are suitable as ecological distributed energy generation systems in Poland.




	(c)

	
In general, the main strength of the technologies to replace conventional energy sources in Poland is that all systems require low maintenance costs. Unfortunately, these systems require high initial costs, and this is the most important weakness. The most important thread of the development of alternative energy systems in Poland is government policy. However, theoretically, a society interested in financing ecological distributed energy generation systems could change the policy or policymakers.




	(d)

	
Unfortunately, the “Catastrophe scenario” mentioned above is coming true—due to Polish legislation, and the current state of the energy sector will be preserved.
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Figure 1. Global primary energy consumption by source: (a) In Twh; (b) relative (%) [17]. 
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Figure 2. Average wholesale electricity prices, for the first quarter of 2021. 
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Figure 3. Different types of small wind turbines. 
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Figure 4. Energy consumption per capita in 2019 in Poland (in MWh), based on [17]. 
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Figure 5. Balance of domestic electricity production and consumption [73]. 
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Figure 6. Poland primary energy consumption by source: (a) in TWh; (b) relative (%) [1]. 
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Figure 7. Photovoltaic systems—installed capacity (MW) and trends. 
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Figure 8. Wind systems—installed capacity (MW) and trends. 
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Figure 9. Location of biogas and biomass systems in Poland. 
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Figure 10. Biogas and biomass systems in Poland (MW) [28,82]. 
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Table 1. The example of the Weighted SWOT analysis.






Table 1. The example of the Weighted SWOT analysis.





	

	
Weight

	
Rating

	
Score






	
Strengths

	
1.00

	

	




	
1

	
Strength 1

	
0.40

	
5

	
2.00




	
2

	
Strength 2

	
0.30

	
4

	
1.20




	
Total weighted score

	
3.20




	
Weaknesses

	
1.00

	

	




	
1

	
Weakness 1

	
0.30

	
5

	
1.50




	
2

	
Weakness 2

	
0.30

	
5

	
1.50




	
Total weighted score

	
3.00




	
Internal Factors Ratio (IFR)

	

	

	
1.06




	
Opportunities

	
1.00

	

	




	
1

	
Opportunity 1

	
0.60

	
5

	
3.00




	
2

	
Opportunity 2

	
0.40

	
5

	
2.00




	
Total weighted score

	
5.00




	
Threats

	
1.00

	

	




	
1

	
Threat 1

	
0.50

	
5

	
2.50




	
2

	
Threat 2

	
0.30

	
5

	
1.50




	
Total weighted score

	
4.00




	
External Factors Ratio (EFR)

	

	

	
1.25
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Table 2. The cost of different RES (USD/kW, 2019 price).
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No.

	
Source

	
Value

	
Solar PV Systems

	
CSP

Systems

	
Wind Systems

	
Natural Gas Systems




	
Onshore

	
Offshore

	
Gas-CC

	
Gas-GT






	
1

	
EIA

	

	
1331.00

	
7191.00

	
1319.00

	
5446.00

	
1017.00

	
710.00




	
2

	
IEA

	
Min

	
1005.00

	
3831.00

	
1287.00

	
3973.00

	
673.00

	
536.00




	
Avg

	
1877.50

	
6283.00

	
2252.00

	
5169.00

	
1028.00

	
768.50




	
Max

	
2750.00

	
8735.00

	
3217.00

	
6365.00

	
1383.00

	
1001.00




	
3

	
IRENA

	
Min

	
618.00

	
3704.00

	
1039.00

	
2677.00

	
n.a.

	
n.a




	
Avg

	
1706.00

	
5415.50

	
1760.50

	
4114.00

	
n.a.

	
n.a




	
Max

	
2794.00

	
7127.00

	
2482.00

	
5551.00

	
n.a.

	
n.a




	
4

	
Lazard

	
Min

	
900.00

	
6000.00

	
1100.00

	
2350.00

	
700.00

	
700.00




	
Avg

	
1000.00

	
7550.00

	
1300.00

	
2950.00

	
1000.00

	
825.00




	
Max

	
1100.00

	
9100.00

	
1500.00

	
3550.00

	
1300.00

	
950.00




	
5

	
NREL

	
Min

	
1142.00

	
6574.00

	
1678.00

	
3145.00

	
944.00

	
937.00




	
Avg

	
1142.00

	
6574.00

	
1678.00

	
4231.50

	
944.00

	
937.00




	
Max

	
1142.00

	
6574.00

	
1678.00

	
5318.00

	
944.00

	
937.00




	
No.

	
Data Source

	
Value

	
Geothermal Systems

	
Hydropower Systems

	
Coal

Systems

	
Nuclear

Systems

	
Biomass

Systems

	




	
1

	
EIA

	
Min

	
2680.00

	
2752.00

	
3661.00

	
6317.00

	
2831.00




	
2

	
IEA

	
Min

	
1602.00

	
1282.00

	
1072.00

	
2805.00

	
630.00




	
Avg

	
4355.00

	
n.u.

	
2181.00

	
4736.50

	
4964.00




	
Max

	
7108.00

	
n.u.

	
3290.00

	
6668.00

	
9298.00




	
3

	
IRENA

	
Min

	
2020.00

	
680.00

	
n.a

	
n.a

	
422.00




	
Avg

	
4650.00

	
2409.00

	
n.a

	
n.a

	
4582.00




	
Max

	
7280.00

	
4138.00

	
n.a

	
n.a

	
8742.00




	
4

	
Lazard

	
Min

	
3950.00

	
n.a.

	
3000.00

	
6900.00

	
n.a.




	
Avg

	
5275.00

	
n.a.

	
4600.00

	
3456.10

	
n.a.




	
Max

	
6600.00

	
n.a.

	
6200.00

	
12.20

	
n.a.




	
5

	
NREL

	
Min

	
4557.00

	
3974.00

	
3867.00

	
6460.00

	
3988.00




	
Avg

	
n.u.

	
5696.00

	
4046.00

	
6460.00

	
4085.00




	
Max

	
n.u.

	
7418.00

	
4225.00

	
6460.00

	
4182.00








n.a.—not available because the study does not include the particular technology, n.u.—not used as the values are outliers. Data from the sources were transformed to 2019 prices using US GDP deflators.
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Table 3. Weighted SWOT matrix for the Polish energy sector.
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Weight

	
Rating

	
Score






	
Strengths

	
1.00

	

	




	
1

	
Little diversification of the Polish energy sector

	
0.40

	
5

	
2.00




	
2

	
Polish energy sector is one of the largest in Europe

	
0.30

	
4

	
1.20




	
3

	
Sufficient number of potential clients

	
0.20

	
5

	
1.00




	
4

	
Research centers and universities are researching energy issues

	
0.10

	
4

	
0.40




	
Total weighted score

	
4.60




	
Weaknesses

	
1.00

	

	




	
1

	
Equipment to produce and to distribute energy is old

	
0.30

	
5

	
1.50




	
2

	
Polish power grids require general modernization

	
0.30

	
5

	
1.50




	
3

	
The Polish energy system is not ready to absorb energy from distributed sources on a larger scale

	
0.20

	
5

	
1.00




	
4

	
The sector is not currently self-sufficient

	
0.10

	
4

	
0.40




	
5

	
Power plants in Poland are not well distributed to cover demand needs

	
0.10

	
4

	
0.40




	
Total weighted score

	
4.80




	
Internal Factors Ratio (IFR)

	

	

	
0.96




	
Opportunities

	
1.00

	

	




	
1

	
Citizens of Poland are eagle to invest in the ecological distributed powerplants

	
0.60

	
5

	
3.00




	
2

	
When making buying decisions related to home appliances, consumers consider energy efficiency as one of the main factors

	
0.40

	
5

	
2.00




	
Total weighted score

	
5.00




	
Threats

	
1.00

	

	




	
1

	
Unstable domestic law

	
0.50

	
5

	
2.50




	
2

	
The most crucial power source is coal; the ban on coal would be a vital issue for Polish energy security

	
0.30

	
5

	
1.50




	
3

	
Small micro-sources at the level of one circuit, without appropriate technical solutions, may harm energy parameters

	
0.20

	
5

	
1.00




	
Total weighted score

	
5.00




	
External Factors Ratio (EFR)

	

	

	
1.00
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Table 4. Weighted SWOT analysis for photovoltaic systems in Poland.
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Weight

	
Rating

	
Score






	
Strengths

	
1.00

	

	




	
1

	
Roi from 8–17%

	
0.30

	
5

	
1.50




	
2

	
Very low operating costs for the installation

	
0.10

	
5

	
0.50




	
3

	
Its use does not emit harmful gases (including CO2)

	
0.10

	
5

	
0.50




	
4

	
Very low maintenance and operating costs for the installation

	
0.10

	
5

	
0.50




	
5

	
Can be used in off-grid locations

	
0.10

	
5

	
0.50




	
6

	
Scalable efficiency in combination with other installations, e.g., heat pump

	
0.10

	
4

	
0.40




	
7

	
Relatively low failure rate of the solar installation

	
0.10

	
4

	
0.40




	
8

	
Ability to combine with energy storage systems

	
0.10

	
3

	
0.30




	
Total weighted score

	
4.60




	
Weaknesses

	
1.00

	

	




	
1

	
More energy is generated in spring–summer than autumn–winter

	
0.50

	
5

	
2.50




	
2

	
Energy from PV systems is produced only when the sun shines

	
0.20

	
4

	
0.80




	
3

	
Big initial costs of photovoltaic installations

	
0.30

	
3

	
0.90




	
Total weighted score

	
4.20




	
Internal Factors Ratio (IFR)

	

	

	
1.10




	
Opportunities

	
1.00

	

	




	
1

	
High social acceptance

	
0.30

	
5

	
1.50




	
2

	
Big potential of growth

	
0.30

	
4

	
1.20




	
3

	
Perovskite based solar cells are produced in Poland

	
0.20

	
5

	
1.00




	
4

	
Market is adopting new technologies very fast

	
0.20

	
3

	
0.60




	
Total weighted score

	
4.30




	
Threats

	
1.00

	

	




	
1

	
Unstable domestic law

	
0.50

	
5

	
2.50




	
2

	
Small micro-sources at the level of one circuit, without appropriate technical solutions, may have a negative impact on energy parameters

	
0.30

	
5

	
1.50




	
3

	
Bad condition of national grid

	
0.20

	
5

	
1.00




	
Total weighted score

	
5.00




	
External Factors Ratio (EFR)

	

	

	
0.86
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Table 5. Weighted SWOT analysis for wind systems in Poland.
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Weight

	
Rating

	
Score






	
Strengths

	
1.00

	

	




	
1

	
Well known technology

	
0.40

	
5

	
2.00




	
2

	
Wind is a source of clean energy

	
0.20

	
5

	
1.00




	
3

	
Wind farm require less space than solar farms or hydroelectric generation

	
0.20

	
3

	
0.60




	
4

	
Availability of resource in Poland

	
0.20

	
4

	
0.80




	
Total weighted score

	
4.40




	
Weaknesses

	
1.00

	

	




	
1

	
The speed of wind is dependent on the metrological conditions

	
0.30

	
5

	
1.50




	
2

	
High initial investment costs in wind systems

	
0.30

	
4

	
1.20




	
3

	
Wind turbines could be harmful for migrating birds

	
0.20

	
3

	
0.60




	
4

	
The wind turbine blades are made of had to recycle material

	
0.10

	
4

	
0.40




	
5

	
Noise pollution is one of the setbacks of the wind technology

	
0.10

	
3

	
0.30




	
Total weighted score

	
4.00




	
Internal Factors Ratio (IFR)

	

	

	
1.10




	
Opportunities

	
1.00

	

	




	
1

	
Big potential of growth

	
0.50

	
5

	
2.50




	
2

	
Many producers of the systems are located in Poland

	
0.30

	
4

	
1.20




	
3

	
Research and development in the sector boost the efficiency of the wind systems

	
0.20

	
4

	
0.80




	
Total weighted score

	
4.50




	
Threats

	
1.00

	

	




	
1

	
Unstable domestic law, unfavorable for the wind systems

	
0.40

	
5

	
2.00




	
2

	
Bad condition of national grid

	
0.40

	
4

	
1.60




	
3

	
Low social acceptance

	
0.20

	
3

	
0.60




	
Total weighted score

	
4.20




	
External Factors Ratio (EFR)

	
1.07
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Table 6. Weighted SWOT analysis for hydropower systems in Poland.
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Weight

	
Rating

	
Score






	
Strengths

	
1.0

	

	




	
1

	
Well known technology

	
0.20

	
5

	
1.00




	
2

	
Availability of resource

	
0.20

	
5

	
1.00




	
3

	
Easy and precise control of energy produced

	
0.15

	
4

	
0.60




	
4

	
Much lower operating costs than in conventional power plants

	
0.15

	
4

	
0.60




	
5

	
Means the access to a stable energy source (unlike, e.g., solar and wind energy electricity production is independent of weather and time)

	
0.10

	
5

	
0.50




	
6

	
Possibility of using energy locally or sending it to grid

	
0.10

	
4

	
0.40




	
7

	
Its use does not emit harmful gases (including CO2)

	
0.10

	
4

	
0.40




	
Total weighted score

	
4.50




	
Weaknesses

	
5.00

	

	




	
1

	
Construction of hydropower plants constitutes a serious interference with the natural environment

	
0.20

	
4

	
0.80




	
2

	
Inability to work during prolonged drought

	
0.20

	
5

	
1.00




	
3

	
The construction costs of this type of power plant are 2–3 times higher than the expenditure for the construction of conventional power plants

	
0.20

	
3

	
0.60




	
4

	
Reduction in reservoir capacity through sediment accumulation

	
0.10

	
3

	
0.30




	
5

	
Noise and pollution during construction

	
0.10

	
4

	
0.40




	
Total weighted score

	
3.10




	
Internal Factors Ratio (IFR)

	

	

	
1.45




	
Opportunities

	
1.00

	

	




	
1

	
Water reservoirs could be used for tourist and recreational purposes

	
0.50

	
5

	
2.50




	
2

	
Pumped storage plants could be widely used energy storage

	
0.30

	
5

	
1.50




	
3

	
New directions of owe development

	
0.20

	
5

	
1.00




	
Total weighted score

	
5.00




	
Threats

	
1.00

	

	




	
1

	
Unstable domestic law

	
0.50

	
5

	
2.50




	
2

	
May cause secondary effects in the form of barrage cracking and water disasters

	
0.30

	
4

	
1.20




	
3

	
Moderate social acceptance

	
0.20

	
4

	
0.80




	
4

	
Resistance of ecological groups (large hydroelectric plants)

	
0.10

	
3

	
0.30




	
5

	
Damming of water in reservoirs may lead to flooding of settlements and agricultural lands, which may result in the necessity of displacement of the population

	
0.10

	
3

	
0.30




	
Total weighted score

	
5.10




	
External Factors Ratio (EFR)

	

	

	
0.98
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Table 7. SWOT analysis for biogas and biomass systems in Poland.
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Weight

	
Rating

	
Score






	
Strengths

	
1.00

	

	




	
1

	
Well known technology

	
050

	
5

	
2.50




	
2

	
Availability of resource

	
0.30

	
5

	
1.50




	
3

	
Possibility of using energy locally or sending it to grid

	
0.20

	
4

	
0.80




	
Total weighted score

	
4.80




	
Weaknesses

	
1.00

	

	




	
1

	
Heat unused directly from the biogas is waste

	
0.60

	
5

	
3.00




	
2

	
Big initial costs of biogas and biomass systems

	
0.40

	
4

	
1.60




	
Total weighted score

	
4.60




	
Internal Factors Ratio (IFR)

	
1.04




	
Opportunities

	
1.00

	

	




	
1

	
High social acceptance

	
0.30

	
5

	
1.50




	
2

	
Combining high energy-intensive greenhouse cultivation could make the technology more efficient

	
0.20

	
5

	
1.00




	
2

	
Big potential of growth

	
0.30

	
3

	
0.90




	
3

	
Fast development of the technology

	
0.20

	
4

	
0.80




	
Total weighted score

	
4.20




	
Threats

	
1.00

	

	




	
1

	
Volatility in the prices of resources from agriculture

	
0.50

	
3

	
1.50




	
2

	
Unstable domestic law unfavorable for the biomass and biogas systems

	
0.30

	
4

	
1.20




	
3

	
No guarantee of stable feedstock supplies in agricultural biogas and biomass plants

	
0.20

	
3

	
0.60




	
Total weighted score

	
3.30




	
External Factors Ratio (EFR)

	

	

	
1.27
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