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Abstract

:

In recent years, one of the key postulates in the European Union’s policy has become the development of renewable energy sources. In order to achieve the desired synergy effect, the idea of combining two selected sources of energy appeared. This article presents a technical and economic analysis of a hybrid connection of a ground source heat pump with a photovoltaic installation. Taking into account the heat demand of the building, a ground heat pump with a catalog nominal heating power of 25 kW was selected. This article presents the problem of the economic profitability of using a hybrid combination of a heat pump and photovoltaic panels in domestic hot water and central heating systems. The justification for the use of such heat sources in these installations is due to global trends and the gradual departure from conventional energy sources such as oil or gas boilers. This paper presents the economic and ecological results of using the pump heat connected together with photovoltaic panels. In the economic analysis, with the assumed installation costs related to the use of the considered heat pump and PV, two parameters commonly used in the investment analysis (static and dynamic) were used, namely, the simple payback period and the net present value of the investment. For the adopted assumptions, the usable area of the facility and the number of years of use were indicated, at which the investment in question is competitive with other alternative investment interest methods and will start to bring tangible benefits. The performed analysis also has measurable environmental benefits in the form of a reduction in carbon dioxide emissions at the level of 2893 kg/year into the atmosphere. The presented solution will help future investors understand the investment profitability mechanism for their households.
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1. Introduction


In Poland, electricity and heat are generated mainly from coal. This, in the context of the pro-ecological course adopted by the European Union and the whole world, means for Poland a constant pressure on the price of these goods. The costs of carbon dioxide emission allowances are now almost twice as high as in 2020, which translates into increases in electricity bills. The increases also affected the price of coal and gas—the latter energy carrier has already increased several times this year, recently by more than 7% [1,2,3]. Searching for an alternative to traditional sources of energy and heat is now a necessity. After years of neglect, the Polish energy industry must turn to renewable energy sources as soon as possible, which will help stop the progressing climate change and will be a way to reduce energy and heat costs. Renewable energy sources are gaining in importance at a dynamic pace. The leader here is solar energy, which in 2020 supplied the Polish energy system with as much as 176% more energy than a year ago [4,5,6,7]. Significantly, the merits are mainly due to prosumer installations, which account for about 80% of the total installed power in photovoltaics. The total power of the connected PV microsystems was over 4 GW [8,9]. The sector has been seeing three-digit growths for the past two years. Several factors contributed to the success of the technology: rising electricity prices, falling installation costs and a number of financial incentives. The photovoltaic itself, although it provides clean and cheap energy, is not able to heat houses or apartments. A heat pump, driven by electricity from the sun, becomes one of the cheapest and most ecological methods of heating to help in this [10,11,12,13].



Is it worth combining two renewable sources into one system? Can the cooperation of a heat pump and photovoltaic panels be profitable not only for ecological but also financial reasons? These questions are answered by the following analysis, which is based on the experiments and measurements carried out in the analyzed hybrid installations. From the investor’s point of view, the most important issue is to choose such a method of supplying the building with heat and heating domestic hot water that will ensure the lowest operating costs. To make the right decision, it is necessary to conduct a detailed analysis of the investment costs, future operation, environmental protection aspects and location possibilities for a given heat source, including the fuel storage.



The aim of this article is to assess the investment profitability of a hybrid heat pump connection with PV using a typical household in Poland as an example. To assess the achievement of this goal, the current legal regulations in Poland, the technical and technological parameters of the analyzed devices and climatic conditions were taken into account. This article presents an analysis of the use of heat pumps for heating a single-family building with and without a photovoltaic installation. The content of this article gives a fresh and innovative look at the basic principles of combining these two renewable technologies, the achieved financial and energy benefits, business models and non-technical benefits for the environment and society. In addition, the article provides the necessary knowledge on how the combination of these two technologies affects mutual technological cooperation and why these technologies may be an important element of the European energy system in the future.



The rest of the article is presented as follows: Section 2 presents a global and national literature review on the hybrid combination of the analyzed energy sources. Section 3 describes the research methodology used for profitability analysis using the net present value and payback period calculations. Section 4 describes the results and discusses them. Finally, Section 5 describes the conclusions of the research.




2. Literature Review of the Problem


2.1. The Essence of the Research Problem


The construction sector is responsible for the consumption of approx. 40% of final energy in western Europe. Therefore, a lot of emphasis in the energy policy of the Member States is placed on all activities related to energy conservation. On average, 57% of the total energy needs of buildings are used for space heating, 25% for domestic water heating and approx. 11% for lighting and electricity used by equipment and utilities (approx. 7% for other energy needs) [14,15,16]. The potential for saving energy, especially that used for space heating, is very large. In order to activate the actions of EU countries in the field of energy efficiency in construction and to create a common legislative framework, forcing the achievement of an appropriate level of energy efficiency in buildings, the European Commission has developed directives on the energy efficiency of buildings, the main goal of which is to ensure energy efficiency in buildings and to conduct construction through the use of renewable energy sources. EU directives set out the rules according to which Member States must ensure 20% of the energy consumption is from renewable sources [17,18,19,20]. These requirements can be met, for example, by the use of heat pump technology. This technology can bring significant economic, environmental and energy benefits. Heat pumps use renewable energy and can be the most effective technology for heating and cooling buildings. Significant factors in the future shaping of the market for these devices will certainly be activities related to the recovery of the Polish economy after the COVID-19 pandemic, but also consistent activities aimed at solving the problem of the so-called low emissions. This technology is becoming a key element of the energy mix in reducing CO2 emissions in the sphere of heating and cooling in industry and in households [21]. It should be said that the energy transition is not basically a technological challenge, but rather a matter of politics and raising awareness. Heat pumps perfectly fit into the concept of the intelligent and effective electrification of heating systems supported by the European Commission under the so-called Green Deal and as part of the 2050 decarbonization strategy. Heat pumps are technologies that are fully mature, proven and available for many years, which today are ready to decarbonize the heating sector through the electrification of heating, while ensuring an increase in Poland’s energy security. Using approximately 75% of their energy from renewable sources, they are also characterized by the highest energy efficiency and low operating costs. In the near future, when more and more electricity for the operation of the heat pump will come from renewable sources, the heat pump technology will enable the full decarbonization of heat, becoming at the same time the least emission-heating technology. The wide use of heat pumps in Poland will allow for the achievement of the objectives of the European Union policy in the scope of the implementation of the so-called net zero plan in 2050 and the Paris Agreement target related to the reduction in CO2 by up to 95% by 2050 [22,23,24,25]. At the end of 2021, around 128,000 people worked for heating installations in Poland. They produced 9.92 PJ/year of energy from RES. Estimates for 2022 predict a further intensive development of this market. It is expected that the amount of renewable energy produced by heat pumps will increase in 2022 and will be in the range from 10.51 PJ/year (realistic variant) to 11.52 PJ/year (optimistic variant), depending on the intensity of the government and European support for this technology in various areas [26,27]. The heat pump operation technology is based on the collection of thermal energy from the environment and it is transferred to the building. Thanks to innovative solutions, even 75–80% of the required energy comes from the so-called bottom source, i.e., air, water or soil. However, electricity is needed for the transformation process. Depending on the external conditions and the specificity of the device, a heat pump with 1 kWh of electricity is able to generate approx. 3.5–5.5 kWh of heat energy. Poland has very good conditions with regard to energy production with the use of photovoltaics [28]. The country’s insolation, depending on the region, ranges from 950 to 1300 kWh/m2 per year. It is assumed that from 1 kW of PV installations, it is possible to achieve an annual production of 1000 kWh [29,30]. The cost of investments in a heat pump, including photovoltaics, in Poland is in the range of EUR 11,700–17,000. This amount may seem significant, but taking into account the dynamic increases in electricity, gas and coal prices and the currently record high inflation of 15.5%, it can be assumed that the investment will pay off after about 5–7 years. It is worth remembering that thanks to the use of subsidies, these expenses can be significantly reduced, which was described in detail in the chapter on the methodology and the results of the research. Both the development of heat pumps and photovoltaics is stimulated in Poland by government financial support. There are several financial tools dedicated to individual investors, including “Clean Air” or “Stop smog”. The most willingly chosen subsidy, however, is the “My Electricity” program, which provides direct subsidies to newly built photovoltaic installations with a capacity of 2–10 kW [31]. In 2021, nearly 260,000 beneficiaries applied for aid in the amount of EUR 1064, which allowed the country to reduce CO2 emissions by over 1 million tonnes. The amended RES Act introduced a solution enabling the balancing of the energy produced in prosumer installations with the energy used for one’s own needs. The act stipulates, inter alia, that the user may “return” the excess energy produced by the photovoltaic system to the power grid. During the period of the shortage of the energy produced from its own source, the regulations allow the same user to “collect” the energy produced from the grid without the statutory replacement factor. The generated surplus energy, which is transferred to the energy system, must be removed by the system user from the grid within one year. Using this possibility, the cooperation of a heat pump with photovoltaic panels for heating houses and domestic water can be economically justified and lead to a systemic approach of citizens both in terms of energy production and consumption.




2.2. Literature Review of the Analyzed Problem


Heat pumps have been the subject of numerous scientific publications by Polish authors. In 2008 and 2009, Rubik M. published a series of articles on heat pumps. They raised a number of issues related to the operation of heat pumps [32]: pump history outline and general information, theoretical basis of operation, real heat pump circuits, types of heat pumps, information on ground heat sources, heat pumps in building heating systems and domestic hot water heating, energy, economic and ecological aspects of the use of heat pumps and operational problems. An analysis of the Polish heat pump market was carried out by Zimny et al. [33] and it showed that in the years 2013–2020, there was an increase in the sales of devices from 110 to 15,000 units per year. Mainly brine/water ground pumps were installed for heating purposes. An analysis of the heating costs of a single-family house with the use of a heat pump is presented in [34]. It was found that a higher COP index occurs when the pump is operating for the central heating installation than when it is operating for hot water. In addition, over 70% of the heat needed for heating is taken from the ground, and the device works 7–10 h a day. The cost of operating the pump within a year is less than EUR 234 gross. In turn, the calculations given in [35], for a slightly larger usable area of the house, are at the level of EUR 915 (only heating cells). Cheaper energy sources are coal and gas boilers and regular and condensing boilers. The use of compressor heat pumps in heating systems was analyzed [36]. The amount of energy generated in the heat pump was compared with the coal, oil and gas boiler rooms and system heat. In each of these cases, the pump turned out to be the more advantageous solution. The economic analysis of the heat pump operation in relation to the above-mentioned heat sources was also performed [37]. The unit cost of energy production was lower for a heat pump compared to an oil-fired boiler room fired with LPG and electric heating (when the building is poorly insulated). In the case of a coal-fired, condensing oil or system heat boiler room, it is more economical to choose one of these solutions. The pump efficiency coefficient in the analyzed case was 6.37, and the cost of energy production was EUR 71/GJ. The article [38] presents issues related to operational errors that reduce the efficiency of installations with heat pumps. For example, the author pays attention to the depth of the boreholes—they are often 30 m. Unfortunately, since the first 10 m are characteristic of less heat exchange, the brine may also cool down. The excessive use of the heat source (raising the temperature inside the rooms, weaker insulation of partitions than in the design, etc.) may prevent the ground from regenerating before the next season, and there may even be permafrost around the probe. Efficiency tests of the air/water heat pump preparing the heating medium as a function of the control curve depending on the outside air temperature [39] proved that this operating mode allows for a more effective use of the heat pump’s potential. Moreover, a statistical model describing the dependence of the efficiency coefficient on the adopted parameters was developed. A good agreement was found between the actual working conditions and those obtained from the model. Experimental studies on soil temperature changes as a result of the operation of vertical boreholes as a lower heat source were carried out [40]. It turned out that with a not very intensive use of ground heat in the analyzed heating season, its temperature decreased by 0.8 K. It is possible to use waste heat as a lower heat source [41]. Such heat can be, for example, heat from sewage, pumped water from active and closed mines and heat from the air removed from livestock buildings or cooling units (cooling milk, fruit, vegetables). The article [42] presents the possibility of using the provisions of the PN-EN 14825 standard not only to qualify heat pumps to the energy class, but also for design purposes. The method proposed in the above-mentioned standard takes into account the specificity of the heating season in a given place and the design heat load; however, it is not suitable for determining operating costs. M. Szreder [43] presented the results of research on a heat pump with vertical boreholes, carried out in a low-energy single-family house with underfloor heating. The tests carried out for the variable flow of the medium showed that it is possible to obtain a high efficiency of heat generation in the case of a central heating operation, while during the heating of domestic hot water the COP was lower than expected.



In the global market of the research on the analyzed subject, the authors Pearce et al. [44] determined the potential of PV systems in combination with a heat pump for North American areas. The authors in this study performed numerical simulations and economic analyses using the same loads and climate, but with local electricity and natural gas rates. The authors Sarfarazi et al. [45] built business models at the level of the German community, taking into account the segments of the electricity markets. In turn, the authors Lorenzo et al. [46] presented combinations of renewable energy sources in construction and their advantages and disadvantages in terms of economic profitability. A comparison of the costs and CO2 emissions of three different heating systems based on solar energy and heat pumps at the level of local communities in Scandinavian conditions were presented by the authors Rehman et al. [47]. The seawater heat pump system was studied by the authors Zheng et al. [48] They demonstrated the benefits of saving the building’s energy and reducing carbon dioxide emissions, using heat transfer through seawater heat exchangers, which has become the key to improving the efficiency of the building’s energy system. In a paper by Matt S. Mitchell et al. [49], an improved model of a vertical geothermal heat exchanger for the energy simulation of an entire building is presented. This model, although it is a simplified model, pointed to the advantages of simulation as a tool for solving complex technological problems in the connection of renewable energy sources. On the other hand, an article by Carrêlo et al. [50] showed the economic viability based on a comparison of different PV systems in the Mediterranean region. The authors’ results state that the investment in this climatic zone is profitable. The work of Lorenzo [51] presents the results of the technical validation of the inverter-controlled PV-HP system, which is a satisfactory combination from a technical and economic point of view. In turn, in their research, the authors Pintanel et al. [52] checked the impact of the energy storage used with the compilation in heat pumps on economic efficiency. Their results showed that it is an appropriate energy source system for the construction of social housing in Spain. Another work by the authors Stamatellos et al. [25] presented a methodology that can be adapted to optimize system design parameters for variable electricity tariffs and to improve the net metering policy for a hybrid heat pump–PV plant combination. Moreover, the authors [53,54,55,56] investigated the possibilities of using various renewable energy sources in various centers. The authors compared the operating costs as well as energy storage using the Hybrid RBFNOEHO technique. Their results state that it is the optimal method in solving this type of problem.



Based on a review of domestic and world literature, it can be concluded that no author has investigated the profitability of a hybrid solar panel–heat pump investment in households as an investor. This article discusses the economic, technical and regulatory aspects of the cooperation of a heat pump with photovoltaic sources. When assessing the profitability of the investment, the climatic conditions, the technical specifications of the hybrid connection and the social, legal and political aspects were taken into account, which is an innovative approach to the analysis of this problem. The obtained results will allow investors to make a rational decision regarding the possibility of investing in the analyzed renewable energy sources with full knowledge in this regard.





3. Materials and Methods


3.1. Case Study—Building Energy Parameters


For the analysis, a single-family detached building, one-storied and without a basement, with a usable area of 162.5 m2, was selected. The facility will be used by a family of four. The town has no access to network natural gas. The facility is located in the IV climatic zone for which the design outside temperature is −20 °C. The building heat demand related to heat losses through external partitions and gravity ventilation was calculated in accordance with the PN-EN 12831 standard. It was assumed that the daily consumption of domestic hot water (domestic hot water) at a temperature of 45 °C is 200 dm3, which translates into 213.46 kWh of heat in a month. The building is provided with underfloor heating with the heating medium parameters of 35/28 °C. The use of underfloor heating as a heat receiver cooperating with the heat pump is advantageous due to the higher pump efficiency obtained. Working at a lower temperature parameter allows one to reduce operating costs and also shortens the working time compressors during the heating season, which translates into an extended service life. The greatest energy demand occurs in the winter period (November–March) when the building’s heat demand fluctuates in the allocation of 3800–4300 kWh. In the period from June to September, the heat pump only runs for domestic hot water preparation. The basic parameters of the analyzed building are as follows:



Building characteristics:



	Type and purpose
	residential building, single-family house



	Standard
	according to the regulations of 2020



	Number of stories
	1



	The height of the story, m
	2.8



	Heated area, m2
	162.5



	Roof
	gable



	Total area of the facade, m2
	150



	Insulated facade surface, m2
	150



	Total area of windows, m2
	55



	Cubature, m3
	265



	Location
	Rzeszów, Poland



	Insolation, kWh/m2
	1080



	Airing, m/s
	8



	Climate zone, °C
	IV








Building insulation parameters—roof:



	Material (λ = 0.036)
	mineral wool



	Thickness, cm
	30



	Factor U (W/m2·K)
	0.11








Insulating parameters of the building—walls:



	U-factor of a wall without additional insulation
	1.15



	Material (λ = 0.030)
	standard styrofoam



	Thickness, cm
	15



	U-factor (W/m2·K)
	0.18



	Exterior doors, U
	0.9








Insulating parameters of the building—floors:



	Material (λ = 0.035)
	styrofoam XPS



	Thickness, cm
	15



	U-factor (W/m2·K)
	0.15



	Foundations
	traditional insulated








Insulating parameters of the building—ventilation:



	Tightness
	airtight without recuperation



	Trial n50
	3



	Ventilation
	gravitational



	Trackiness, %
	100








The heating system flow temperature was calculated on the basis of a heating curve linking the flow temperature with the ambient temperature. A decrease in the ambient temperature causes an increase in the water temperature at the system supply. The beginning of the heating curve was determined for the outside temperature of −20 °C, for which the supply temperature was 35 °C. The end of the heating curve was set at an ambient temperature of 16 °C, for which the heat pump switched to summer mode (covers the domestic hot water demand only).



In addition, the building is equipped with a photovoltaic installation on a SolarWorld metal frame, made of stable 50 mm profiles, inclined at an angle of 30°. The installation had a power of 16.5 kW and consisted of 50 Just Solar 330 W half cut panels. The installation worked in the on-grid system. A detailed description of the panels is presented in Table 1.



A Fronius inverter with a rated power of 15 kW was installed in the panels. Such a high power of the inverter is enough to operate photovoltaic panels with a power of 16.5 kW. Table 2 shows the details of the inverter.



The content of this article gives a fresh and innovative look at the basic principles of combining two renewable technologies, the achieved financial and energy benefits, business models and non-technical benefits for the environment and society.




3.2. Criteria for Selecting a Heat Pump and PV Installation


The cooperation of two installations gives satisfaction to the investor only when they are selected optimally. When choosing a heat pump, it is worth paying attention to the Coefficient of Performance (COP). The COP is the ratio between the heat pump’s heating power and the compressor’s electrical power required for its operation. For example, a heat pump with a thermal power of 25 kW and an electrical power necessary to power the pump of 5 kW will be described by the COP = 5 (25/5). The interpretation of the COP of a given device means that the higher the coefficient, the more heat can be produced using the same amount of electricity. To evaluate the energy efficiency of a heat pump, seasonal factors are additionally used, which are denoted by the acronym SCOP (Seasonal Coefficient of Performance) or SPF (Seasonal Performance Factor). Both factors determine efficiency per year, with the SCOP being the theoretical factor and the SPF calculated with real data. The SCOP factor takes into account the variable operating conditions of the heat pump, which is ignored when calculating the COP factor. The calculation of the SCOP requires the identification of two energy sources:




	
bottom source—it is, e.g., water, soil or air, which heat the refrigerant in the pump;



	
upper source—it is a heating system to which heat is transported by a refrigerant which gives off heat in the building through, for example, underfloor heating.








The SCOP performance factor should be calculated using the formula [57]:


  SCOP   =     QHP   EEL    



(1)




where:



	
  QHP  —heat given off by the pump;



	
  EEL  —electricity consumed by the pump.






The second component of the described heating system is the photovoltaic panels. The selection of the power of the panels in the target installation should cover the entire energy consumption electricity, also for the purpose of powering everyday devices (building lighting, household appliances, electronics, etc.). This consumption, however, is individual; therefore, for the purposes of this study, it was assumed that the selection of power in relation to the electricity demand for a given household leads to a quick return of the investor’s funds. Later on, the cooperation of the well-chosen installations generates profits. It is worth saying that the demand for electricity is inversely proportional, which means that in the summer you do not need as much electricity to operate a heat pump as in the winter, and in the summer solar panels absorb most of the sun’s rays. In the winter, however, the demand for electricity is very high, as the electricity production by a photovoltaic installation of the same power is almost half as much.




3.3. Return on Investment Analysis


The investor, by investing cash in the venture, wants it to maintain its value over the years, and moreover, he hopes that they will generate profits. The NPV method allows you to determine the value of money at the time of the return of the investment (money inflation) and it also takes into account the cash flow that the investor has incurred during that investment. Therefore, it is aimed at comparing the sum of financial surpluses with the sum of the expenditures needed to implement the investment, using the discount account. In other words, the NPV is an investment efficiency ratio between the cumulative annual cash flow discounted for the duration of the project and the cumulative annual expenditure. The following equation was used to calculate the NPV [10]:


  NPV   =     NCF  0       ∗   CO   0    +        NCF   1       ∗   CO   1    +        NCF   2       ∗   CO   2    +   …   +        NCF   n       ∗   CO   n   



(2)




in brief:


   N P V    =     ∑   t   =   0  n  N C  F t    ∗   C  O t   



(3)




where:



	
  NPV  —net present value;



	
  N C  F t   —net cash flows in subsequent calculation periods;



	
  C  O t   —discount factor;



	
t = 0, 1, 2, 3, …, n—consecutive years of the calculation period.






The NPV can also be calculated from the formula:


  NPV   =     ∑   t   =   0  n     D t        1   +   i    t      −     ∑   t   =   0  n     I t        1   +   i    t       



(4)







If all capital expenditure was incurred in the first year of the investment, then the following formula is used for calculations:


    ∑   t   =   1  n     D t        1   +   i    t      −    I 0    =     ∑   t   =   0  n     D t        1   +   i    t     



(5)




where:



	
   D t   —cash flow related to the current operation of the project;



	
   I t   —capital outlays in the zero period;



	
i—annual interest rate;



	
t = 0, 1, 2, 3, …, n—consecutive years of the calculation period.






The interpretation of the NPV indicator is based on three categories of result interpretation. The first of them refers to profitable investments, and they occur if and only if the NPV index is greater than zero (i.e., NPV > 0). The second category relates to investments in which there is a noticeable lack of revenues; this is the case when the NPV coefficient is zero (i.e., NPV = 0). On the other hand, when the investment generates losses, the NPV ratio is less than zero (i.e., NPV < 0).



The IRR (internal rate of return) method is the internal rate of return; it belongs to the second most frequently chosen methods of assessing economic profitability by investors. The internal rate of return (IRR) is a percentage whose inflows and outflows for the entire investment are equal. In the presented method, the investment will become profitable if and only if the interest rate (IRR) is higher than the limit rate, which is most often set based on BGK (a state-owned bank with a reputation for low credit risk). The internal rate of return is calculated from the formula [10]:


  IRR   =    i 1    +     PV   ∗      i 2    −    i 1      PV   +     NV      



(6)




where:



	
IRR—internal rate of return;



	
   i 1   —interest rate value, where the NPV > 0;



	
   i 2   —interest rate value, where the NPV < 0;



	
PV—the NPV calculated according to    i 1   ;



	
NV—the NPV calculated according to    i 2   .






In this method, the most important difference is between    i 1    and    i 2   , which should be more than 1%.



The main limitations of the NPV method include the problematic selection of the appropriate discount rate, a constant level of the profitability of the assessed investments, as well as the equivalence of the discount rate and capitalization rate used to reinvest positive net cash flows. In turn, the main limitations of the IRR method are the assumption of the identity of the positive NCF reinvestment rate with the calculated IRR, the criterion of constant profitability throughout the investment period, as well as the inability to directly use it for an absolute assessment of the profitability of atypical investments.





4. Results and Discussion


4.1. Analysis of the Energy Effects


The calculations were made using the program for analyzing the energy demand of the building and the selection of Dimplex heat pumps. Currently, they are the heat pumps that offer the lowest costs of home heating. Although they undoubtedly use an expensive energy carrier in the form of electric current, they manage it in an extremely effective way. The calculation of the unit cost of heat (for 1 kWh) is very easy when we know the price from 1 kWh of electricity and the COP or SCOP value. It is enough to divide them by yourself, so with the current price of approximately EUR 0.16/kWh, we get: EUR 0.041/kWh-SCOP 4.0; EUR 0.045/kWh-SCOP 3.5; EUR 0.054/kWh-SCOP 3.0. (It is worth noting that PLN 1 in conversion is EUR 0.21 according to the exchange rate as of 8 August 2022). It follows that even a seemingly insignificant difference in efficiency (SCOP 3.0 or 3.5) clearly translates into the cost of heat. What matters is the efficiency throughout the season, and not the instantaneous COP value determined by the manufacturer only under the most favorable conditions. With the prices of fuels raging at the moment, heat prices from other sources can be even more than 2–3 times higher than in the case of the pump. In recent months, mainly as a result of the introduction of the ban on coal imports from Russia, the popular eco-pea coal has increased dramatically. Its price is as high as EUR 639/t, which translates into the cost of heat even over EUR 0.160/kWh. The price of LPG also increased significantly. For those who have their own tank (and so refueling is cheaper anyway), the average price in April 2022 was 0.75 EUR/dm3, which gives about 0.12 EUR/kWh. Even the price of previously inexpensive heat from natural gas has already increased to EUR 0.07/kWh this year. Nothing foreshadows the end of the increases and it is difficult to forecast how high the prices will be in a few months. In this context, energy-saving heat pumps gain even more competitiveness, especially since electricity prices are growing significantly slower than fuel prices. At the current prices, heating with a heat pump turns out to be significantly cheaper than LPG, as is heating with natural gas and coal, the latter being the cheapest so far. This is true even if the pump needs to supply high-temperature wall heaters (SCOP 3.0).



Comparing the annual energy demand of the analyzed building, which is 28,893 kWh, including 24,386 kWh for central heating and 4507 kWh for hot water, with the produced energy (Figure 1), the heat pump in operating mode covers the entire heat demand of the building.



Assuming that the cost of 1 kWh of electricity used to drive the heat pump compressor is EUR 0.16/kWh and taking into account the cost of the transmission and distribution of energy, the annual operating costs of the heat pump can be estimated. The highest operating costs are incurred during the heating season and amount to a maximum of EUR 110.08 for January (Figure 2). The lowest costs are incurred in the summer, when the heat pump only produces domestic hot water—EUR 9.06 per month.



Annually, the amount of electricity used to drive the heat pump compressor is EUR 613.74. The operating costs also include service costs, which in the case of a heat pump are about EUR 139. Thus, the total seasonal operating cost of a ground source heat pump is EUR 752.16.



Based on the statutory coefficients of prosumer energy billing, an estimation of the potential use of energy production from photovoltaic panels for the heat pump supply was successively estimated. The estimate was for a 25 kW heat pump system. It was determined that the 18 kW PV installation would be the optimal one in terms of energy production and consumption compensation. A summary of the level of energy production by the photovoltaic installation of the indicated power and consumption by the heat pump is presented in Figure 3.



Blue indicates the level of balanced energy in a month (used directly), red indicates a monthly production shortage and green indicates a surplus, i.e., overproduction. Significant from the point of view of self-consumption is the daily production profile, which is important for the settlement of the energy stored in the prosumer formula. It has been estimated that depending on the level of direct consumption, it is necessary to purchase electricity from the grid in the amount of 1.8 to 5.2 MWh per year, which is, respectively, 8–25% of the electricity consumption by a heat pump. In other words, a maximum of 25% of the energy needs to be purchased from the grid and 75% is provided by the installation. Thus, the dependence of the cost of heating the house on the prices of electricity supplied by the seller was reduced. The purchase and installation of a heat pump and a photovoltaic installation—with powers as in the example under consideration—requires investment outlays of over EUR 17,000–22,000. Therefore, it is crucial to the economic efficiency of the venture.




4.2. Technical and Economic Analysis of the Profitability of Investment in a Heat Pump Powered by a Photovoltaic Installation


In the analyzed household, very high annual electricity consumption was observed. Energy consumption in one year was 14.5 MW. In connection with the above, it was decided to install a powerful photovoltaic installation—this way, the residents can become independent of the investment in terms of electricity demand. Self-consumption in the analyzed investment was relatively high, reaching 25% (in the summer, winter and transitional periods, the heat pump is used for cooling, and in the winter for heating). A large part of the energy is consumed by the heater itself, which is installed in the pool for heating purposes. The investment would not turn out to be so profitable if it were not for the EU support from the Clean Air project, from which EUR 3200 was obtained for a photovoltaic installation and EUR 3200 for the installation of a heat pump. The costs related to the energy independence of the household (Table 3) including its operation with statistical assumptions are as follows:




	
annual electricity yield for the first year of operation of the installation—19,009.8 kWh



	
decrease in the efficiency of PV installations—0.8%



	
cost of the installed installation—EUR 13,450.96



	
annual operation—EUR 74.26



	
planned forecast—10 years



	
unit price of electricity for 2022—EUR 0.17



	
inflation rate of electricity prices—3.98%



	
inflation of service prices in the market—7.5%



	
auto-consumption of electricity—25%



	
total cost of the investment under study (heat pump)—EUR 8.09



	
annual exploitation of the heat pump—EUR 74.47



	
the planned use of the heat pump (this is what the extended warranty with the COOPER & HUNTER manufacturer assumes) —10 years








The first column presents the years in which the investment was considered in terms of profitability. The efficiency of the PV installations has a downward trend, which—according to the manufacturer—amounts to 0.8% year on year. The energy yield is shown in the third column; in the first year of the exploitation of the investment, it was 19,009.8 kWh. With the help of the determined indicator of the decrease in the efficiency of the installation, further power yields were forecasted. In the fourth column, the average was used to calculate the average increase in electricity prices from 10 years ago and it amounted to 3.98%. The self-consumption rate was very high because when producing electricity, appliances such as the heat pump and the pool heater are also connected to the grid, which significantly increases the self-consumption of the household. As for the energy that the investor is not able to consume at the time of its production, he can only recover 0.7 of the returned value from the power grid, because the total power of the installation exceeds the power of 10 kWh. According to the data, the actual value of energy that the investor can use for his own needs was 14,732,595 kWh in the first year of use. In order to maintain the efficiency of the installation at a satisfactory level, it should be inspected annually (EUR 63.83—heat pump and photovoltaic installation), the photovoltaic panels should be cleaned annually (EUR 42.55), the air conditioning should be removed (EUR 21.28) and installation insurance should be purchased (cost: pump heat: EUR 21.28; and photovoltaic installation: EUR 17.03). In the last column, the cumulative cash flow was added, which shows the profitability of the researched investments. Figure 4 shows the cumulative cash flows.



The analysis shows that the investments start to be profitable already in the 7th year of its operation. In later annual periods, the investment generates income, i.e., the investor will not incur the costs of electricity resulting from the use of the heat pump for heating purposes (e.g., fees related to the use of an induction cooker, heating the pool and domestic water) and costs related to the use of energy receivers (laptop, mobile phone, light receivers). Thus, it can be concluded that in the seventh year, the installation begins to bring income. The conducted analysis shows that although the investment outlays in the case of installations with heat pumps exceed the costs of building a boiler room for conventional fuels, heat pumps in combination with PV may be an economically advantageous alternative solution, especially where there is no access to the gas network.




4.3. Profitability Analysis of Investments in a Heat Pump using the NPV and IRR Methods


The profitability of the investment was determined according to the Polish bond market, i.e., using the WSE analytical tool—Catalyst scanner. The maturity date of the analyzed investment was estimated in the range of 9–11 years (the maturity date is similar to the time of the exploitation of the investment). In connection with the accepted data, an entity that issues bonds in a similar time range was found—it was the bond FPC0631. The bond was issued by the BGK bank and it is characterized by low credit risk; therefore, the investment can be attributed to a very low risk profile. The interest rate chosen was the reference rate NPV-2.97. Table 4 shows the year-by-year cash flow calculated using Formula (6).
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Using Excel, the cash flow data were entered into the spreadsheet and the IRR ratio was converted, which was 4.6455%. In order to evaluate the result of the IRR method, two percentages, i.e., the IRR ratio, i.e., 4.65%, should be juxtaposed with the previously calculated rate of 2.97%. The described IRR model was higher than the assumed cut-off rate (IRR > 2.97%). The difference between the compared values is relatively large; therefore, it can be concluded that the investment during the assumed operation of the installation (10 years) will be a factor that will bring financial benefits in the future.



The method of investment analysis using the NPV (net present value) method is the most frequently used indicator of investment profitability. It shows the differences between the cash inflows and outflows for an investment. The financial ratio (r) was determined using the Catalyst scanner in line with Treasury bonds and assuming a safe investment—it was 2.97%. The investment will pay off if the NPV ratio is greater than zero (NPV> 0). The further the NPV deviates from 0 in the direction of plus infinity, the more profitable the investment becomes. After applying Formula (4), the following values were obtained:
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Using Excel, the data were entered into a spreadsheet and discounted annually at the rate of return set at 2.97%. Table 5 presents the cash flows discounted with the assumed rate of return of 2.97%.



Then, the discounted cash flow was added and thus the NPV ratio was calculated, which was EUR 526.31. The investment is profitable if and only if the NPV is greater than zero. Thus, it can be concluded that the investment is beneficial for the two methods carried out, i.e., the IRR and NPV. In order to verify the correctness of the NPV calculations, the value was substituted for the cut-off rate in Formula (4), which was obtained from the first calculation method, i.e., 4.65%. After applying the method test (i.e., r = IRR), the discounted cash flows are shown in Table 6.



After substituting the rate of return, which was 4.65%, the value of the NPV profitability ratio was 0. The value of 0 obtained in the NPV method means that the investment is neutral, which means that it does not generate profits and does not bring losses resulting from the capital investment. The NPV index equal to zero has one more meaning—it means the correctness of the calculations performed in individual methods. If the borderline rate in the NPV formula was the rate of return, i.e., the IRR value, the result should be 0, which was calculated and is presented in Table 6.



The Clean Air program plays an important role in the analyzed investment—it shortens the payback period from 13 to 9 years of the investment’s operation. On the other hand, in the case of investments in a heat pump and a photovoltaic installation, the payback period is reduced from 8 to 7 years of the investment, which increases the profitability of the investment. A quick return on invested capital encourages investors who want to invest money with a quick return on their investments. Moreover, the presented analysis allows households to avoid 2893 kg/year of CO2 emissions, which means that thanks to this solution, you can significantly contribute to activities in the field of environmental protection.





5. Conclusions


There is no doubt that renewable energy is to some extent an alternative to conventional energy, provided that as many households as possible rely on renewable energy sources. In order to decide to install their own installation based on the renewal of the energy source, the investor must be sure that such an installation will bring measurable benefits. The fusion of a heat pump with a system of photovoltaic panels is a solution that can be profitable both for ecological and economic reasons. The use of such a hybrid system allows the cost of heating to be independent of external prices, which may be beneficial in the perspective of many changes in the markets. There is more and more talk about the solutions necessary for climate protection, such a heating system, which can be a personal contribution to the fight against smog and global warming, which can have a negative impact on health and life. Based on the analysis of the conducted research, the following conclusions can be drawn:




	
High values of the NPV and IRR ratios allow for a justified capital investment in similar investment models. Contributing to investments using renewable energy sources is a welcome measure today and allows for higher rates of return than those generated by other types of investments with a similar degree of risk.



	
Investments from year to year generated more and more profits than in the previous years, even despite the declining efficiency of the installation—the decline in the efficiency of the installation was not so significant compared to the assumed inflation of electricity prices.



	
Investing in a heat pump is profitable. This is demonstrated by the break-even point that occurs in year 9 of the analysis—in other words, in year 9 the sum of the investment costs is less than the amount obtained by investing money and operating the pump.



	
In the case of an analysis on the profitability of a heat pump investment using a photovoltaic installation, the payback period is reduced from 8 to 7 years. It can therefore be concluded that when installing a heat pump, it is financially advantageous to also install a photovoltaic installation; with this action, we increase self-consumption, so we make full use of the electricity produced by the investor’s panels and the payback period is significantly shortened.



	
Government aids, such as Clean Air, reduce the profitability of investments both in the case of investments in a heat pump and a photovoltaic installation from 9 to 7 years in the case of installing both installations. Government support in the form of programs encouraging the use of alternative energy sources is expected to continue.








In the opinion of the authors, the development direction of such a hybrid solution is certainly storage systems (both heat and electricity). Such devices, if their operations were economically justified, could further increase the self-sufficiency of the household in the context of energy purchases. In this context, an increase in the role of prosumers as a new link in the energy transformation process should be expected.



Recommendations for decision makers on the heat pump and PV market:




	
An effective solution supporting the development of the heat pump market would be the introduction of electricity tariffs dedicated to heat pumps in Poland.



	
Involving banks as soon as possible in the implementation of the “Clean Air” program.



	
Implementation of a professional list of devices co-financed from government and EU programs.



	
Tax relief for RES solutions in new buildings.



	
According to the authors, it is necessary to introduce additional changes in the construction law and in other areas of law, including: a reduction in the primary energy input coefficient for electricity taken from the Polish electricity grid from wi = 3.0 to 2.5; introducing the obligation to use low-temperature installations in new buildings; introducing the obligation to balance heating and domestic hot water installations and cooling installations; and extending the duration of the discount system in the billing of the electricity produced by prosumer micro-installations, which will increase the profitability of the investment.



	
Conducting a monitoring program for the installation of low-emission devices in real working conditions in single-family buildings.



	
Conducting an information campaign on heat pumps and PV, taking into account the best market practices.








This is the first study in Poland to analyze a hybrid combination of these two renewable technology sources based on reliable results from a sample household survey. It has been shown what financial, energy and environmental benefits will bring the investor from the use of such a hybrid connection. Moreover, this article is an incentive for potential investors to rapidly transform the Polish energy system and to move away from fossil fuels, which is part of the European Union’s political strategy.



This type of research has its limitations. From a scientific point of view, it should be emphasized that the adopted data are data examples which, depending on the pump and PV technology used, climatic, social and political conditions may differ. However, these data are the starting point for this type of research.



Further research in this area should include the identification and analysis of aspects of the growing popularity of hybrid renewable energy connections, taking into account the economic aspects of the use of energy storage. Moreover, factors influencing further significant changes in the market situation, including changes in European and national legislation (both at the central and local government level), should be analyzed.
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Abbreviations




	COP
	Coefficient of Performance



	SCOP
	Seasonal Coefficient of Performance



	SPF
	Seasonal Performance Factor



	QHP
	heat given off by the pump



	EEL
	electricity consumed by the pump



	NPV
	net present value



	NC   F t   
	net cash flows in subsequent calculation periods



	C   O t   
	discount factor



	    D t    
	cash flow related to the current operation of the project



	    I t    
	capital outlays in the zero period



	i
	annual interest rate



	IRR
	internal rate of return



	    i 1    
	interest rate value, where the NPV > 0



	    i 2    
	interest rate value, where the NPV < 0



	PV
	the NPV calculated according to    i 1   



	NV
	the size of the NPV calculated according to    i 2   



	GPW
	Catalyst scanner



	BGK
	Bank of the National Holding



	FPC0631
	domestic bond
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Figure 1. Distribution of heat production in individual months. Source: own study. 
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Figure 2. Summary of monthly costs for the electricity used to drive the heat pump compressor. Source: own study. 
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Figure 3. Summary of monthly electricity production in PV installation with an electric power of 18 kW with pump energy consumption heat with a power of 25 kW thermal power. Source: own study. 
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Figure 4. Cumulative cash flows for a heat pump investment with a PV plant. Source: own study. 
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Table 1. Technical data of the Just solar module.






Table 1. Technical data of the Just solar module.





	
Producer

	
Just Solar




	
Model

	
330 HALF CUT




	
Type of Photovoltaic Panels

	
Monocrystalline




	
Technical Parameters

	
STC

	
NOCT

	
Unit






	
Power max.

	
330

	
224

	
W




	
Open circuit voltage

	
42.07

	
39.63

	
V




	
Closed circuit current

	
10.27

	
8.32

	
V




	
Voltage at maximum power point

	
34.12

	
33.49

	
V




	
The intensity of the current at the point of maximum power

	
9.23

	
7.14

	
A




	
The efficiency of the photovoltaic module

	
19.78

	
17.95

	
%




	
Efficiency

	
80%




	
Dimensions




	
Length

	
1684

	
mm




	
Width

	
100

	
mm




	
Thickness

	
35

	
mm




	
Surface

	
16.8

	
m2




	
Libra

	
19

	
kg








Source: own study.
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Table 2. Fronius inverter data.
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Producer

	
Fronius




	
Model

	
Symo 15.0-3-M




	
Parameter

	
Value

	
Unit






	
Input data




	
Maximum input current

	
33

	
A




	
Maximum short circuit current

	
49.5

	
A




	
Minimum voltage

	
200

	
V




	
Rated input voltage

	
600

	
V




	
MPP voltage range

	
320–800

	
V




	
Input data




	
Rated AC power

	
15.000

	
W




	
Maximum output power

	
15.000

	
VA




	
General information




	
Dimensions

	
725 × 510 × 225

	
mm




	
Mass

	
43.4

	
kg




	
Level of security

	
IP 66

	
-




	
Energy consumption

	
<1

	
W




	
Ambient temperature range

	
2.5–60

	
°C




	
Maximum efficiency

	
98

	
%








Source: own study.
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Table 3. Summary and analysis of accumulated cash flows for heating with a heat pump powered by a photovoltaic installation.
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Year

	
Efficiency

	
Planned Energy Yield

	
Energy Prices

	
Automatic Energy Consumption

	
The Value of Energy Recovered from the Power Plant

	
Actual Consumption

	
Operating Costs

	
Cumulative Cash Flows




	

	
[%]

	
[kWh/Year]

	
[EUR]

	
[kWh/Year]

	
[EUR]

	
[kWh/Year]

	
[EUR]

	
[EUR]






	
0

	

	

	

	

	

	

	

	
−15,158.20




	
1

	
100.00%

	
19,009.80

	
0.145

	
4752.450

	
1443.94

	
14,732.595

	
165.95

	
−13,192.63




	
2

	
99.20%

	
18,857.72

	
0.166

	
4714.430

	
1643.03

	
14,614.734

	
178.40

	
−10,945.60




	
3

	
98.40%

	
18,706.86

	
0.173

	
4676.715

	
1694.76

	
14,497.816

	
191.78

	
−8635.60




	
4

	
97.60%

	
18,557.20

	
0.180

	
4639.301

	
1.748.11

	
14,381.834

	
206.16

	
−6261.22




	
5

	
96.80%

	
18,408.75

	
0.187

	
4602.187

	
1803.15

	
14,266.779

	
221.62

	
−3821.07




	
6

	
96.00%

	
18,261.48

	
0.195

	
4565.369

	
1859.91

	
14,152.645

	
238.26

	
−1313.74




	
7

	
95.20%

	
18,115.39

	
0.202

	
4528.846

	
1918.46

	
14,039.424

	
256.11

	
1262.17




	
8

	
94.40%

	
17,970.46

	
0.210

	
4492.616

	
1978.86

	
13,927.108

	
275.32

	
3908.01




	
9

	
93.60%

	
17,826.70

	
0.219

	
4456.675

	
2041.16

	
13,815.692

	
295.98

	
6625.17




	
10

	
92.80%

	
17,684.09

	
0.227

	
4421.021

	
2105.42

	
13,705.166

	
318.17

	
9414.99








Source: own study.
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Table 4. Cash flows for investments in a heat pump.
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	Year
	Cash Flow [EUR]





	0
	−4898.73



	1
	190.49



	2
	418.54



	3
	475.89



	4
	538.84



	5
	607.87



	6
	683.52



	7
	766.35



	8
	856.99



	9
	956.12



	10
	1064.47



	
	IRR = 4.6455%







Source: own study.
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Table 5. Cash flows discounted with the assumed rate of return of 2.97%.
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Year

	
Cash Flow [EUR]

	
Discounted Cash Flows [EUR]






	
0

	
−4898.73

	
−4898.73




	
1

	
190.49

	
184.99




	
2

	
418.54

	
394.74




	
3

	
475.89

	
435.89




	
4

	
538.84

	
479.31




	
5

	
607.87

	
525.12




	
6

	
683.52

	
573.44




	
7

	
766.35

	
624.39




	
8

	
856.99

	
678.10




	
9

	
956.12

	
734.71




	
10

	
1064.47

	
794.38




	
   NPV   =   526.31   








Source: own study.
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Table 6. Cash flows discounted with the assumed rate of return of 4.65%.






Table 6. Cash flows discounted with the assumed rate of return of 4.65%.





	Year
	Cash Flow [EUR]
	Discounted Cash Flows [EUR]





	0
	−4898.73
	−4898.73



	1
	190.49
	182.04



	2
	418.54
	382.20



	3
	475.89
	415.29



	4
	538.84
	449.35



	5
	607.87
	484.41



	6
	683.52
	520.51



	7
	766.35
	557.68



	8
	856.99
	595.96



	9
	956.12
	635.38



	10
	1064.47
	675.97



	IRR
	4.64550%
	NPV = 0







Source: own study.
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