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Abstract: Heat pump technology offers a path towards reducing the use of fossil fuels to heat 
space, providing energy bill savings and reducing air pollution and GHG emissions. The choice of 
heating method is based on costs; hence, this study examines the gains from operating heat pump 
systems in public buildings as well as alternative systems using electricity, LPG, and heating oil. 
The study focuses on the Ruda-Huta municipality in Poland that, as is common in rural areas, 
lacks access to a district heating system or piped gas. The empirical analysis includes heat pump 
installations in eight municipal buildings. The study found that the use of ground source heat 
pumps proved competitive with existing heating systems in terms of payback time. Calculations 
for three heating energy source scenarios, i.e., electricity, LPG, and heating oil, used the Simple 
Pay Back Time (SPBT) and the Levelized Cost of Heat (LCOH) methods and the average prices of 
the three energy types for the period 2012–2021. The payback period calculations disregarded the 
EU subsidies for heating systems utilizing renewable energy sources (RES). The payback time for 
electric, LPG, and heating oil were, respectively, 6.7–7.8 years, 4.1–6.1 years, and 6.7–6.9 years. 
Much larger spreads favoring heat pumps were calculated using the LCOH, and the costs in the 
case of electric heating were nearly three times higher and doubled when using heating oil and 
LPG. The gains from investing in heat pump systems have been offset by the increase in electrici-
ty, LPH, and heating oil prices, which have been predicted to continue to increase in the foreseea-
ble future supporting the use of heat pumps in rural areas lacking access to, for example, district 
heating systems. The switch to heat pumps reduced local air pollution by eliminating the burning 
of fossil fuels to heat space in public buildings. 

Keywords: energy price; heat pump; municipal buildings; electricity; heating oil; simple pay back 
time (SPBT); levelised cost of heat (LCOH); air pollution 
 

1. Introduction 
In the European Union (EU), about 50% of the final energy consumed is used for 

heating or cooling, and that share is forecast to remain unchanged [1–3]. Energy ob-
tained from renewable sources offers the most effective way to decarbonize heating and 
cooling. Between 2004 and 2020, the share of renewable energy sources (RES) used for 
heating and cooling increased from 11.72% to 23.09% [3]. The agreement at the 21st Paris 
Climate Convention summit (COP21, December 2015) commits parties “to limit the 
temperature increase to 1.5 °C above preindustrial levels” [4]. While the Paris provisions 
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allow choosing the path to achieve this goal, the importance of RES is already stated in 
the document’s introduction. To meet the Paris Agreement goals, the EU adopted the 
Clean Energy for all Europeans package, also called the “Winter package” [5]. The 
package is a long-term vision to reach a prosperous, modern, competitive, and cli-
mate-neutral economy in 2050 [6] by setting seven priorities and a legal framework for 
climate and energy policy until 2030. From the heating and cooling sector viewpoint, the 
most important are Directives 2018/844 [7], 2018/2002 [8], and 2018/2001 (RED II) [9]. 

The rationale for the adoption of the directives is energy efficiency [8]. The regula-
tions established a target of at least 32.5% energy efficiency improvement in 2030, com-
pared to 2007. Since buildings account for 40% of final energy consumption, each EU 
member-country developed strategies to reduce energy consumption of public and pri-
vate buildings to almost zero. Achieving the goal required accelerating the pace of 
thermal upgrading and the use of smart energy management technologies. 

Complementing the Winter Package is the EC statement, “Europe that protects: 
clean air for all” [10]. Residential, commercial, and institutional heating energy con-
sumption was the principal source of coarse particulate matter (PM10) and fine particu-
late matter (PM2.5) in 2019 [11]. The emissions resulting in air pollution cause numerous 
chronic diseases and premature death. 

Further GHG reduction targets are included in the Clean Planet for All strategy, in-
cluding a long-term vision of net zero emissions in 2050. The strategy proposed a com-
plete phase-out of coal use and significant reduction in oil and gas consumption [6]. 
Those declarations were confirmed in the European Green Deal [12] and “Fit for 55” 
[13], developed by the EC to implement the UN 2030 Agenda for Sustainable Develop-
ment [14]. 

The above-mentioned documents raise the issue of energy poverty [15–17]. In 2018, 
6.8% of the EU households were unable to fully pay their utility bills, including energy 
bills. Moreover, 7.3% of the EU population experienced ambient temperatures at home 
that were below the comfort limit [18]. The main reasons behind the underheated living 
space include a high share of heating expenses relative to household income, energy in-
efficient buildings, and heating equipment with low efficiency [19]. In 2021, energy pov-
erty was exacerbated due to high energy costs [20]. Hence, the EC recommendations to 
member states are “to give Union consumers, including households and businesses, se-
cure, sustainable, competitive and affordable energy” [18]. 

Research from both macroeconomic [21,22] and microeconomic [23–25] perspec-
tives shows that fuel and energy prices are the main, although not exclusive, determi-
nants of energy poverty. Energy poverty varies regionally, being especially common in 
rural areas of southern and eastern European countries [26]. In Poland, where depend-
ence on coal continues (although weakening), energy poverty will intensify. Hence, fre-
quently asked questions refer not only to technology but the cost of replacing conven-
tional energy sources. Replacing fossil fuels as a heating energy source determines the 
rate of GHG emission reductions in rural areas. 

The potential for decarbonizing heating systems lies in the use of heat pumps 
[27–32]. The rapidly growing share of renewable energy (RE) in gross electricity con-
sumption supports such use. Between 2004 and 2020, the share of RE increased from 
15.9% to 37.5%. During the same period, the share of RE in total energy consumption in-
creased from 9.6% to 22.1% [33]. The heat pump is a key technology to achieve the EU’s 
goal for reliable, affordable, and sustainable heat supply [34–36]. “Powering a Cli-
mate-neutral Economy: An EU Strategy for Energy System Integration” [32] further 
supports the use of heat pump installation as it predicts the share of electricity in resi-
dential heating demand at 40% by 2030 and 50–70% by 2050. 

The heat pump technology has gained popularity in Poland very recently and ac-
counts for a small portion of heating energy supply. Technology cost is a major factor in 
space heating equipment installation decisions. Besides efficiency, heat pumps offer 
major environmental benefits of reducing GHG emissions helping to achieve RE and air 
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quality policy goals in Poland. Hence the purpose of the study is to assess the economic 
efficiency of using heat pumps in Poland’s rural areas. 

2. Background 
2.1. Motivation for Heat Pump Use in Poland 

“Energy Policy of Poland through 2040” stipulates that, “If in a given area there is 
no possibility of connection to the district heating network, heating needs should be 
covered by individual sources with the lowest possible emissions, especially: installa-
tions of non-combustible RES (including heat pumps), …” [37]. Poland’s rural areas 
have limited access to transmission infrastructure for district heating and gas networks. 
In 2017, sales through district heating systems to rural residents accounted for a 1.7% 
share and 23.3% of rural areas had access to piped gas [38]. The heat pump technology 
offers an alternative heating system for both detached and multi-family housing as well 
as for the service and manufacturing sectors. 

Expanding the use of heat pump systems can significantly reduce air pollution by 
particulate matter (PM10 and PM2.5) and benzo(a)pyrene, which poses a serious threat 
to public health. Maximum average annual concentrations of particulate matter in Po-
land were almost double the permissible limit, placing the country among the worst in 
terms of air quality in the EU. As a result of the persistently high concentrations of par-
ticulate matter levels in the air, the EC sued Poland in the EU Court of Justice in 2015 for 
poor air quality. The EC found that the legislative and administrative measures used to 
reduce particulate matter emissions in Poland were insufficient. As of 1 December 2020, 
31 infringement proceedings were pending against 18 member-states for exceeding con-
centration levels or insufficient monitoring of PM10, PM2.5, NO2 or SO2. Ten of these 
cases were referred to the Court of Justice of the European Union, of which five (includ-
ing the case against Poland) resulted in rulings [39,40]. The latest Clean Air Outlook re-
port shows that member-states will need to further increase efforts to meet their 2030 
emission reduction obligations under the NEC Directive [41]. Compared to 2018 emis-
sion levels, Poland, Cyprus, the Czech Republic, Hungary, and Romania will have to 
halve their PM2.5 emission levels [39]. 

2.2. Heat Pump Installation in Poland 
The growth in the use of heat pump technology accelerated in the late 20th and 

early 21st centuries, especially in North America and Europe [42]. The intensive devel-
opment of low-temperature systems is driven by the already available small-scale in-
stallations, suitable for single-family houses, housing estates, summer homes, office 
buildings, churches, factories, etc. The heat pump segment in Europe has been rapidly 
growing in recent years. The number of heat pumps in operation in the EU in 2020 was 
41.9 million, up more than 224% from 2012. Italy, France, and Spain have been the lead-
ers in obtaining heat energy using heat pumps, accounting for 74.4% of all installations 
in 2020 (Euroobserver, 2022). 

The primary factor in the popularity of heat pumps is the relatively low capital ex-
penditure. The devices use the heat contained in atmospheric air and do not incur addi-
tional costs, as is the case with the installation of ground heat exchangers. For small ca-
pacity installations, the cost of making such intakes frequently exceeds the cost of pur-
chasing heat pumps and becomes the main cost item of the entire investment. Countries 
of southern Europe, including Italy, France, Spain, and Portugal, accounted for the ma-
jority of the total installed heat pump capacity in 2020. 

The share of heat pumps in the structure of energy consumption in the heating and 
cooling sector in 2020 in the EU27 was only 2.94%. The share varied substantially across 
countries, from near zero in Romania, Lithuania, and Hungary to 15.2% in Malta, and 
about 10% in Portugal, Sweden, Cyprus and Greece [Short Assessment of Renewable 
Energy Sources; see Table 1]. 
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A more than twelvefold increase in the number of heat pump installations between 
2011 and 2020 in Poland resulted in a more than fivefold increase of heat pump heat ac-
quisition (Table 1). A key factor was the changing structure of installed equipment. While 
in 2011 the share of pumps using air as the lower heat source was 18%, by 2020 it was 
75%. Nevertheless, the Polish heat pump sector differed from other EU countries in terms 
of type of equipment and was characterized by a much lower share of installations using 
distributed thermal energy stored in the ambient air for heating purposes. 

Table 1. Number of operating heat pumps in Poland in 2011–2020. 

Specification 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Aerothermal 3450 5445 6699 9007 21,982 45,361 61,731  81,636 112,950 167,075 
Ground 15,500 20,621 25,763 31,038 36,605 41,995 47,655 53,486 60,196 65,818 
Total 18,950 26,066 32,462 40,045 58,587 87,356 109,386 135,122 173,146 222,893 
Output of ambient 
heat [TJ] 

2337 2854 3627 4577 5566 6570 7683 8958 10,681 12,481 

Consumption of 
energy by heat 
pumps [TJ] 

872 1057 1333 1823 2521 2979 3508 4112 4898 5720 

Seasonal 
Coefficient of 
Performance 

2.68 2.70 2.72 2.51 2.21 2.20 2.19 2.18 2.18 2.18 

Share of heat 
pumps in obtain-
ing energy from 
RES (H&C) [%] 

1.1 1.3 1.6 2.2 2.5 2.8 3.2 2.4 3.0 3.5 

Share of heat 
pumps in the 
H&C sector [%] 

0.15 0.18 0.23 0.31 0.38 0.42 0.48 0.52 0.65 0.78 

Source: Based on Short Assessment of Renewable Energy Sources. Available online: 
http://ec.europa.eu/eurostat/web/energy/data/shares (accessed on 31 January 2022) and En-
ergy Statistics in 2011–2013. Statistical information and elaborations—Central Statistical Office 
(GUS), Warszawa 2013–2014. Energy Statistics in 2019 and 2020. Statistical analyses—Statistics 
Poland (GUS), Warszawa 2021. 

The result of these changes was a 20% decrease in the value of seasonal energy effi-
ciency coefficients. Heat pumps using distributed thermal energy stored in the ambient 
air have lower efficiency in Polish climatic conditions than devices using thermal energy 
stored in the ground or groundwater. 

3. Materials and Methods 
The objective of the study is the evaluation of ground heat pump savings in space 

heating, in relation to other heating energy sources, i.e., heating oil, LPG, and electricity. 
The study is motivated by earlier studies in heat pump use in Poland’s rural areas 
[43–46]. The geographic focus is on the Municipality of Ruda-Huta (Chełm County, Lu-
blin Province, Poland), the only city out of 217 cities and municipalities in Lublin Prov-
ince to use heat pumps for heating public buildings. The municipality of Ruda-Huta is 
located a short distance from the EU eastern border with Ukraine and Belarus. The mu-
nicipality has some of the lowest revenues among local governments in Poland. Ac-
cording to the Ministry of Finance, in terms of the G-index (basic tax income per capita 
adopted for calculating the equalization subvention for 2022), the municipality was 
ranked 2430th out of 2477 local governments [47]. Hence, local government leaders ex-
plored the use of RES as a way to reduce energy expenditures and an effective method of 
implementing low-carbon management plans and reducing emissions [48]. The availa-
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bility of EU funds for the development of RES use was an additional incentive to invest 
[49]. 

The facilities using heat pumps in Ruda Huta received substantial financial support 
from EU. The evaluation of heating costs and investment payback time involved two 
methods: Simple Pay Back Time (SPBT) and Levelized Cost of Heat (LCOH). 

First, the SPBT method calculated the time period for the operating savings to offset 
the difference in capital expenditures. The applied formula is: SPBT = ∆N∆Q (1)

where: 
SPBT—payback time [years], ΔN—investment expenditure [PLN], ΔQ—annual savings [PLN/years]. 
The Levelized Cost of Heat (LCOH) method was used to assess heating costs [50,51]. 

Commonly, the LCOH method is used for estimating electricity generation costs [52,53]. 
The formula below is applied to estimate the average costs of generating 1 GJ of thermal 
energy for the entire period of operation of the tested heating systems: 

LCOH = ∑ 𝐼௧ + 𝐹௧ +𝑀௧ሺ1 + 𝑟ሻ௧௡௧ୀଵ∑ 𝐸௧ሺ1 + 𝑟ሻ௧௡௧ୀଵ  (2)

where: 
LCOH—Levelised Cost of Heat [PLN/GJ], 
It—Investment expenditures in year t (amortization and cost of capital) [PLN], 
Ft—fuel or energy costs in year t [PLN], 
Mt—other costs in year t [PLN], 
Et—energy generation in year t [GJ], 
r—average discount rate [%], 
n—lifetime of the heating system. 
Both methods used actual data for the period ending 31 December 2021. Next, the 

operating time of the facility using a heat pump was projected using forecasting methods. 
The forecast was performed due to the destabilization of the energy market after the 
outbreak of war in Ukraine in the late February 2022. 

Data 
The data about expenditures on space heating include eight public buildings, in-

cluding the school complex, the building housing the local government offices, and in the 
public library in Ruda Huta. All eight public buildings underwent thermal upgrades 
combined with the installation of heat pumps in expectations of lower energy bills for 
space heating and the reduction of emissions from burning fossil fuels. The implicit 
savings are identified by calculating the operation of heat pumps and the use of three 
alternative energy sources (electricity, LPG, and heating oil). Electricity prices were pro-
vided by the Ruda Huta Municipality Office, while LPG prices were collected from the 
“Bankier.pl” website [54]. The prices are average monthly prices from January 2013 to 
July 2022. Ekoterm heating oil prices were published by Lotos S.A. [55]. 
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4. Results 
4.1. The Municipality of Ruda Huta Efforts to Use RES 

The efforts to utilize RE in Ruda Huta proved successful and the municipality re-
ceived an honorable mention in the “Rural Municipalities” category for the promotion of 
eco-energy and pro-environmental solutions [56]. The honorable mention acknowledged 
the efforts in reducing air pollution and enhancing environmental quality by replacing 
the boilers (powered by coal) with a heat pump. 

4.2. Technical Characteristics of Buildings Using Heat Pumps 
The first project, implemented at the Ruda Huta School Complex in 2013, involved 

replacing an oil-powered boiler with ground heat pumps. The new equipment also sup-
plied hot water. In the year following the change of the heating system, heating expenses 
were reduced by 55% [46]. Such favorable results gave the impetus for efforts to upgrade 
space and water heating systems in another 6 public buildings. The investment projects 
were implemented in the fall of 2014. In 2019, heat pumps were also installed in a new 
library building. The total installed capacity of heat pumps in public buildings in the 
Municipality of Ruda Huta as of 31 December 2021, was 0.449 MWth. In addition, each 
facility has been equipped with backup heat sources. The backup space and water heat-
ing energy source becomes the main source when average daily temperatures fall below 
−15 °C. Table 2 shows the technical parameters of the studied facilities. 

Building sizes varied (Table 2), which affected pump capacity and cost of investment 
in the heat pump system. Heat pumps were from three different manufacturers, although 
six were from the same firm, which can reduce regular maintenance costs. The peak heat 
source varied and was almost evenly split across heating oil, LPG, and electricity. The re-
duction of local air pollution results primarily from the replacement of heating oil systems. 
One system used coal and LPG, one only LPG (Table 2), while three used electricity. 
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Table 2. Selected technical and economic parameters associated with each municipal building. 

No. Building Name 
Heated 
Surface 

[m2] 

Heat Source 
before 

Modernization 

Heat Pumps (HPS) Ground Heat Exchange 
Vertical Collectors 

Peak Heat Source (PHS) Investment Costs [PLN] 

Type [kW] Type 
Number & 

Depth 
[m] 

Type [kW] HPS PHS 

1. 
School Complex 
in Ruda-Huta 

3.600 oil Danfoss DHP-R42 3 × 42 
HDPE 100/RC 

SDR 17 
28 × 100 

VITOPLEX 200 Typ SX2 
(oil)) 

90–560 512,172 104,328 

2. 
Municipal building  
in Ruda Huta 

721 coal (LPG) Alpha Innotec SWP 371 37 
Aspol–FV 
Energeo 

8 × 100 
Buderus Logamax 
plus GB 162 (LPG) 

70 166,050 67,154 

3. 
Municipal Health Centre 
in Ruda Huta 

1051 oil Alpha Innotec SWP 581 58 
Aspol–FV 
Energeo 

11 × 100 
Geminox 45 (oil) 
Ferroli 105 (oil) 

150 252,150 128,326 

4. 
Communal Office 
of Ruda-Huta 

414 oil Alpha Innotec SWP 291 29 
Aspol–FV 
Energeo 

5 × 92 
ACV Prestige 75 Solo 
(LPG) 

75 123,000 127,615 

5. 
Centre of Culture 
and Recreation in Rudka 

543 electricity Alpha Innotec SWP 371 37 
Aspol–FV 
Energeo 

7 × 100 Electric heaters  18 172,200 7248 

6. 
Culture Centre 
in Ruda-Kolonia 

317 electricity Alpha Innotec SWC 170H 17 
Aspol–FV 
Energeo 

4 × 85 Electric heaters 15 92,250 6122 

7. Culture Centre in Żalin 229 electricity Alpha Innotec SWC 170H 17 
Aspol–FV 
Energeo 

4 × 80 Electric heaters 15 92,250 6122 

8. Library in Ruda Huta 1609 LPG Buderus WPS 64.2HT 2 × 64 
HDPE 100/RC 

SDR 17 
20 × 92 

Buderus Logamax plus 
GB V2 (LPG) 

100 201,685 205,171 

Source: own study based on the information obtained from the Ruda-Huta Municipal Office. 
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4.3. Reduction in Heating Energy Expenditure 
To evaluate the economic efficiency of the investment, a comparison is made be-

tween the expenses incurred and the expected income. In the case of completed projects 
in Ruda-Huta, the gains are savings from changing heating systems. The main factor 
determining the cost of heating are the prices of fuels and energy. Energy prices dis-
played a very high variability during the period under consideration. The highest vola-
tility characterized the Ekoterm oil prices, where the ratio of the maximum to the minimum 
price was 3.44. In the case of electricity and LPG, the ratios were 2.33 and 2.3, respectively. 
Table 3 summarizes the descriptive statistics of the prices of energy sources used in space 
heating in municipal buildings in Ruda-Huta. Prices are expressed in Polish zloty (PLN) 
and the means refer to the commercial units in which each energy type is sold. Prices of 
LPG and heating oil are quite similar, but the energy value (in BTU) of heating oil is mar-
ginally higher than that of LPG for the same unit (litre, for example). The higher BTU value 
of heating oil could explain the price difference with regard to LPG. 

Table 3. Descriptive statistics of prices of three heating energy sources, January 2013–July 2022. 

Statistic Electricity LPG Oil Ekoterm 
Mean 0.7317 2.3069 2.9135 
Standard error 0.0131 0.0413 0.0696 
Median 0.7200 2.2100 2.8100 
Mode 0.7200 1.9800 2.3800 
Standard dev. 0.1404 0.4429 0.7465 
Variance 0.0197 0.1961 0.5572 
Kurtosis 2.2115 1.4431 7.4066 
Skewness 1.2473 1.1296 2.3971 
Range 0.6800 2.0800 4.3700 
Maximum 1.1900 3.6800 6.1600 
Minimum 0.5100 1.6000 1.7900 
Count 115 115 115 
Geometric mean 0.7196 2.2685 2.8397 
Harmonic mean 0.7085 2.2331 2.7797 
Note: All prices in Polish zloty (PLN); electricity price per kWh; LPG price per liter; heating oil 
price per liter. Source: own calculations. 

The SPBT and LCOH calculations were performed for three energy price scenarios: 
• average prices for the period 2013–2022, 
• maximum prices for the period 2013–2022, 
• forecasts of average prices in the period 2022–2032. 

Average and maximum prices for the 2013–2022 period are included the descriptive 
statistics in Table 3. The average prices for the 2022–2032 period were determined using 
the Seasonal Autoregressive Integrated Moving Average (SARIMA) method, an effective 
technique for modelling and forecasting time series. The technique allows to include both 
autoregressive, moving average, seasonality, and non-stationarity effects in a single 
model [57–59]. SARIMA models have been used to forecast fuel and energy prices [60–64] 
and, therefore, this method was also applied in the current study. Prices of electricity, 
LPG, and heating oil rapidly ascended towards the end of the studied period. Initially 
prices increased at the beginning of 2021 and the price increase in 2022 has been at-
tributed to the invasion of Russia in Ukraine and the resulting threat to the supply of 
fossil fuels, especially natural gas and oil. 

All models used in forecasting three types of energy, with parameters p,d,q and 
P,D,Q assuming values from 0 to 3 and parameter S with values from 0 to 12 were tested. 
The criterion for selecting the best models was the value of Akaike Information Criterion 
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(AIC). Next, the selected models were verified in terms of autocorrelation of residuals 
using the Autocorrelation Function (ACF), Partial ACF (PACF), and Ljung-Box tests. Fi-
nally, it was checked whether the selected model has significant parameters and gener-
ates acceptable long-term forecasts. Statistical characteristics of the selected SARIMA 
models are shown in Figures 1–3 and Table 4 shows the average predicted prices. The 
price of electricity seems to more than double. In turn, the average predicted price of LPG 
is less than twice the sample average. The heating oil price increase is larger than the 
relative price increase of electricity price. Heating oil becomes the least attractive alter-
native and less use of it potentially reduces the local air pollution. The competitiveness of 
the three heating energy sources as compared to heat pump installations has been 
weakened since  early 2021. However, heat pumps use electricity and the increased 
electricity prices reduce the energy bill savings following the heat pump installation. 

Table 4. Parameters of time series models examining prices of electricity, LPG and Ekoterm oil. 

Specification Electricity LPG Ekoterm Oil * 
p—trend auto-regression (AR) order 0 1 0 
d—trend difference order 1 1 1 
q—trend Moving Average (MA) order 1 0 1 
P—seasonal auto-regressive order 1 1 - 
D—seasonal difference order 0 0 - 
Q—seasonal moving average order 0 2 - 
m—the number of time steps for a single seasonal 
period 

12 4 - 

Residual variance 0.0018 0.0186 0.0359 
MAPE (%) 5.62 4.41 4.62 
Average forecast price (PLN) 1.83 3.87 7.87 
* The ARIMA model analyzing the series is without a seasonal component. Source: Own calcula-
tions. 

Figure 1 shows the plotted actual sample observations and a sample forecast of 
electricity prices. The predicted prices continue to increase at a rather fast rate during the 
whole forecast period, i.e., through 2032. Currently, the Polish government has adopted a  
policy of tempering electricity price increase. The adopted solution temporarily caps the 
rate of increase to protect households and help the business sector to adjust to the new 
energy market realities. 

The predicted LPG prices show a pattern different from electricity prices (Figure 2). 
LPG prices initially show a tendency to decline in the period beyond 2022. Indeed, the 
LPG prices have been affected by the re-orientation of natural gas imports by the EU 
from Russia. However, the forecast LPG prices resume their growth and continue to in-
crease throughout the prediction period. The growth rate appears lower than in the case 
of electricity prices. 

Since early 2021, Ekoterm heating oil prices increased more rapidly than electricity 
or LPG prices (Figure 3). However, the predicted prices appear to grow at a slower pace 
although faster than LPG prices. Ekoterm oil price growth was reflected in the average 
prices shown in Table 4. Heating oil is less likely to be used in space heating installations 
not only due to less competitive price, but primarily due to policies aiming at the air 
pollution reduction and the broad goals of the EU climate policy. Overall, the thermal 
modernization of public buildings in Ruda Huta was timely and provided important 
savings on the energy bills of the local government. However, the most recent increase in 
electricity prices offset the gains from installing heat pump systems for the purpose of 
space heating. 

Table 5 summarizes the calculated SPBT and LCOH ratios for the scenarios of en-
ergy source prices in the municipal buildings in Ruda-Huta. The average payback time 
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was calculated for each type of heating energy source for the building that used a specific 
energy type prior to its replacement by heat pumps. The payback period was typically 
the longest for the three buildings using electricity. However, buildings using heating oil 
had only marginally shorter payback times and only those heated with LPG had a 
markedly shorter payback period (Table 5). Currently, with the rapid ascent of prices of 
electricity, LPG, and heating oil, savings on energy bills can be expected to be substantial. 
Additionally, with the increased uncertainty regarding prices of fossil fuels, managing 
buildings operating heat pumps may be easier than for buildings using conventional 
sources of heating energy. 

 
Figure 1. Results of the SARIMA model forecasting electricity prices. 
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Figure 2. Results of the SARIMA model forecasting LPG prices. 
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Figure 3. Results of the SARIMA model forecasting Ekoterm heating oil prices. 
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Table 5. SPBT and LCOE dependence on heating systems and fuel prices. 

No. Building Name 
SPBT LCOH 

Electricity Oil LPG Electricity Oil LPG Heat Pumps 
Mean Max. Forecast Mean Max. Forecast Mean Max. Forecast Mean Max. Forecast Mean Max. Forecast Mean Max. Forecast Mean Max. Forecast 

1. 
School Complex 
in Ruda-Huta 

- - - 6.9 2.7 2.4 - - - - - - 87.4 182.4 232.3 - - - 66.3 99.1 144.7 

2. 
Municipal 
building  
in Ruda-Huta 

- - - - - - 6.1 3.9 5.8 - - - - - - 128.4 200.4 210.4 76.0 108.8 154.4 

3. 
Municipal 
Health Centre 
in Ruda-Huta 

- - - 6.7 2.5 2.3 - - - - - - 99.8 243.0 276.4 - - - 71.4 104.1 149.7 

4. 
Communal 
Office 
of Ruda-Huta 

- - - - - - 4.7 3.0 6.4 - - - - - - 107.2 165.4 173.5 69.7 102.5 148.1 

5. 
Centre of Culture
and Recreation 
in Rudka 

7.8 4.8 3.1 - - - - - - 201.5 325.8 498.8 - - - - - - 72.3 105.0 150.5 

6. 
Culture Centre 
in Ruda-Kolonia 

7.1 4.3 2.8 - - - - - - 215.0 346.1 528.5 - - - - - - 74.2 107.0 152.6 

7. 
Culture Centre in 
Żalin 

6.7 4.1 2.7 - - - - - - 213.3 343.8 525.4 - - - - - - 72.1 104.9 150.6 

8. 
Library in 
Ruda-Huta 

- - - - - - 4.1 2.7 8.2 - - - - - - 94.9 147.6 154.9 64.1 96.9 142.5 

Source: own study. 
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A postulated direction for decarbonizing heating in the EU is to increase the use of 
electricity, primarily to power heat pumps [27–32]. Heat pumps can cover 45% of the 
EU’s heating energy demand and reduce GHG emissions by 16% [30,65–67].  

The increase in the share of heat pumps can meaningfully reduce the concentration 
of particulate matter (PM10 and PM2.5) and ana(a)pyrene in the air. In Poland, the av-
erage annual concentrations of particulate matter were almost twice the EU limit [68–72]. 
Heat pump use offers a viable way to meet Poland’s obligations to reduce particulate 
emissions under the NEC Directive by 2030 [41,73,74]. The use of heat pumps applies to 
regions lacking district heating and gas networks and where solid fuel prices are com-
petitive [43–46,75–80]. 

In Poland, there is a lack of comprehensive, reliable, and verifiable studies on the 
economic gains of using heat pumps. Information is published in manufacturer adver-
tising materials and by heating system installers, trade magazines, and websites dedi-
cated to the RES utilization [81]. The trustworthiness of such information sources is lim-
ited, since they are often managed for commercial purposes [82,83]. The use of heat 
pumps in space heating by replacing the heating equipment using conventional energy 
carriers was characterized by significant savings in eight buildings subject to this study.  

5. Conclusions 
The choice of the heating method is driven by expected economic gains, which vary 

across the available technologies. The current study examined the effects of using heat 
pumps in the heating of eight municipal buildings in one of the poorest rural areas in 
Poland. The peripherally located area is without access to heat transmission infrastruc-
ture such as the district heating system and piped gas. Electricity, LPG, and Ekoterm 
heating oil were used as energy carriers to heat space in public buildings before the in-
stallation of heat pumps. 

Two methods were selected to calculate the gains from replacing old heating sys-
tems with a heat pump system, namely the Simple Pay Back Time (SPBT) and Levelized 
Cost of Heat (LCOH). The calculations were carried out without taking subsidies into 
account, for three scenarios of fuel and the average energy prices between 2012 and 2021. 
The approach included the recent increase in energy prices since early 2021 followed by 
further increases after the invasion of Russia in Ukraine. 

Heat pumps proved to compete in terms of energy expenditure on public building 
space heating as compared to the heating systems utilizing electricity, LPG, or heating 
oil. The payback period, excluding the EU subsidies, and using the average prices of 
electricity, LPH, and heating oil from 2012 to 2021 were, respectively: 6.7–7.8 years, 
4.1–6.1 years, and 6.7–6.9 years. Much greater spreads in favor of ground heat pumps 
were obtained using LCOH. In relation to using electricity for space heating, the differ-
ence was about three times. The difference was nearly double between using heat pumps 
and heating oil and LPG. Once the EU subsidies were considered, the payback period for 
installations using electricity, LPH, and heating oil would more than doubled. 
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