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Abstract. The purpose of the work is to answer the question - which of the two selected heat sources is 
more economically beneficial for small detached house: heat pump or biomass boiler fuelled with wood-
pellets? The comparative analysis of these sources was carried out to discuss the issue. First, cost of both, 
equipment and operation of selected heat systems were analysed. Additionally, CO2 emission levels 
associated with these heat systems were determined. The comparative analysis of the costs of both 
considered heat systems showed that equipment cost of heat pump system is considerably bigger than the 
cost of biomass boiler system. The comparison of annual operation costs showed that heat pump operation 
cost is slightly lower than operation cost of biomass boiler. The analysis of above results shows that lower 
operation cost of heat pump in comparison with biomass boiler cost lets qualify heat pump as more 
economically justified only after 38 years of work. For both analysed devices, CO2 emission levels were 
determined. The considerations take into account the fact that heat pump consumes electricity. It is mostly 
generated through combustion of coal in Poland. The results show that in Poland biomass boiler can be 
described as not only more economically justified system but also as considerably more ecological. 

1 Introduction 
The analysis of the Central Statistical Office (CSO) data 
[1] with regard to the number of residences delivered for 
use over the period from 1991 to 2016 shows the 
growing trend of private construction, i.e. detached 
houses (including single-family houses) in relation to the 
total construction. An average from the analysed 26 
years is approx. 58 thousand detached houses of private 
construction per year, i.e. 49% of total construction. 

These buildings need individual heat sources to in 
order to heat space, as well as domestic hot water 
(d.h.w.). In currently built Polish detached houses 
electricity and heat consumption is significantly lower 
than in the older ones [2], but still households’ energy 
consumption represents a significant part (33%) of 
energy balance in Poland [3, 4]. Space heating has the 
largest share in the structure of energy consumption by 
Polish households (approx. 69%) [2]. It suggests that 
space heating represents a heavy financial burden for 
households’ owners. That is why it is important to use 
the least costly heat sources, but of course considering 
energy efficiency and environmental requirements. 

It is difficult to select heating devices from those 
being used in detached houses, which meet all the above-
mentioned conditions. However, it can be assumed that 
heating devices are more ecological when they use 
renewable energy sources (RES) [5], and when they are 
energy-efficient [6, 7]. 

 

High efficiency of a heating equipment results in 
lower operational costs, but advanced technical solutions 
are usually needed to produce such devices. For that 
reason, the energy-efficient equipment has often a higher 
price [8] and that is why the selection of a heating 
system should always be preceded by a thorough 
economic analysis. 

In this paper, two kinds of heating systems were 
considered. These are system with a heat pump (HP), as 
well as system with a wood pellet firing boiler (biomass 
boiler). Both are RES-based and seem the most 
ecological and energy-efficient [9, 10]. The main 
purpose of the work is to answer the following question: 
which of the two selected heat sources is more 
economically beneficial for small detached house? The 
comparative analysis of these sources was carried out to 
discuss the issue. First, cost of both, equipment and 
operation of selected heat systems were analysed. 
Additionally, CO2 emission levels associated with these 
heat systems were determined. It should be underlined 
that this analysis concerns only Polish conditions, what 
can have a significant impact on the obtained results. 

Similar analyses for other countries can be found e.g. 
in following papers: [8,11-13]. 

2 Material and methods 
The analysis was carried out for a non-existing detached 
house. It was designed for the sole purpose of this study. 
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The „Audytor OZC 6.6 Pro Edu” and „Audytor C.O. 4.0 
Edu” software were used during design. 

The house is supposed to be located in north-eastern 
part of Poland in the town of Kętrzyn, i.e. in the fourth 
climatic zone with reference external design temperature 
equal to -22°C [14]. The house has one habitation floor 
over the ground level and non-habitable (unheated) attic 
space. The house is to be built from cellular concrete 
blocks. External and internal wall thickness amount to 
24 and 12 cm, respectively. The ceiling is to be made out 
of oak wood, which is a very good insulator. The whole 
building is to be placed on the foundation footings and 
benches directly on the ground. The total habitation area 
of the house amounts to 141.45 m2 (Table 1); the number 
of home residents is five persons. It was assumed that 
the presented house does not have access to the natural 
gas network but it is connected to the electricity grid, 
water supply and sewage system. 

Table 1. The area and the heating demand of rooms in the 
analysed detached house. 

 Area [m2] Heating demand [W] 
Hall 9.9 540 

Boiler-room 6.66 0 
Kitchen 16.92 989 

Bathroom 11.7 701 
Room I 18.68 898 
Room II 15.75 772 

Living room 61.85 2431 
TOTAL 141.45 6331 

Table 1 shows the design heat load for each room in 
the house. The design heat load of boiler-room is equal 
to zero, because boiler-rooms are designed as unheated 
areas and so the total heated area equals 134.8 m2. 

The analysis of the data from Table 1 shows that 
rooms heating energy demand (Φco) amounts to 6.3 kW. 
Domestic hot water heating energy demand is also 
needed to be known (Φcwu) in order to calculate the total 
energy demand of the house. The daily domestic hot 
water energy demand can be calculated using formula 
(1), taking into account 20% heat loss caused by water 
flow in the pipelines: 

                            Φcwu = Qcwu / 24 h + 20%,  (1) 

where Qcwu is daily d.h.w. heat demand. 
Daily domestic hot water heat demand can be 

calculated using following formula: 

                               Qcwu = c ρ V (tcw – tzw),  (2) 

where c is specific heat of water (4,19 kJ/(kg K)), ρ is 
water density (1000 kg/m3), V is daily water demand of 
water to be heated (0,5 m3), tcw is hot water temperature 
(55°C) and tzw is cold water temperature (10°C). 

A daily demand of water to be heated (V) was 
assumed based on [15]. According to it, daily use of a 
water in a dwelling house connected to sewage system 
equals 100 dm3 per one home resident. Using above 
data, Φcwu = 1.32 kW was calculated and so the total 
design heat load of the house (ΦC) is possible to be 
  

obtained using the formula: 

                                     ΦC = Φco + Φcwu.  (3) 

Based on the above data, the total design heat load of 
the house equals 7.6 kW. It was assumed that one of the 
two selected heat sources, i.e. heat pump or biomass 
boiler fuelled with wood-pellets can be exploited in the 
considered house. 

Energy balance of the house is shown in Fig. 1.  
It includes heat losses and gains. The results shown in 
Fig. 1 show that supposed solar heat gains and heat gains 
from household devices represent an important share of 
the house energy balance. It will allow to reduce the 
planned heating system cost. 

 
Fig. 1. Energy balance of the house [GJ/yr]: QD – heat losses 
through external walls, Qiw – heat losses through internal walls, 
Qg – heat losses to the ground, Qve – natural ventilation heat 
losses, Qint – heat gains from household devices, Qsol – gains 
from solar heat, QH,nd – annual heat needs of the house with the 
use of heat gains factor ƞH,gn = 0.87. 
 
 

For each of the considered heat sources an economic 
analysis was made. The purpose of this analysis is 
identification and comparison of cost of equipment and 
operation of heating devices and systems that make up a 
given heat source. In this case, the investment costs 
include the purchase costs of equipment, but do not 
include manual labour costs. Operating costs include the 
purchase of fuel and electricity and the cost of 
equipment service. Based on the economic analysis, a 
simple payback period of investment in the considered 
heat sources was calculated.  

In addition, the ecological analysis of the heat 
sources was carried out. The CO2 emissions from fuels 
combustion and electricity consumption were analysed. 
Under Polish conditions, electricity is mainly produced 
by hard coal combustion, which results in significant 
CO2 emissions.  

3 Identification of heat sources for 
comparative analysis 

3.1 Heat pump 

First of the selected systems is heat pump with a 9 kW 
maximum heating power output.  
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Table 2 shows other parameters of the chosen heat 
pump. 
 

Table 2. Parameters of the selected heat pump. 

Parameter Value 
Heating power 9 kW 
Power consumption 1.7 kW 
Cooling power 7.3 kW 
COP 5.2 
Supply temperature of heating installation 
(at heat pump outlet)  35°C 

Brine temperature (at heat pump inlet) 5°C 

Such power of heat pump results from the possible 
interruptions in the electricity supply during periods of 
peak load in the electrical grid [16]; in order to ensure 
proper work, an oversize device is required. A time of 
interruption in the electricity supply was assumed as 
equal to 2 h, with the oversizing factor equal to 1.1 and 
so the heat pump with 8.4 kW minimum heating power 
output is required. 

As a lower heat source, a flat ground heat exchanger 
was selected. It is immersed in the ground of aquifers 
gravel and sand, with a unit heating power output of 32 
W/m2. This is one of the best types of soil for flat heat 
exchangers, because the more wet the soil, the higher the 
heat transfer coefficient, and so the more favourable heat 
transfer conditions [17]. 

The view of the habitation floor with layout of 
heating surfaces and shore zones is shown in Fig. 2.  
 

 

Fig. 2. The view of the habitation floor with layout of heating 
surfaces and shore zones. 

An underfloor heating works as a higher heat source 
for the heat pump. Such configuration will ensure proper 
system operation, i.e. protection of the floor from 
overheating as well as work of the heating device with 
the highest possible efficiency. An installation of 
underfloor heating with a 5433 W heating power was 
designed. 

The reason for the lack of shore zone in the kitchen 
(Fig. 2) is the relatively high heat gain from household 
goods - identified in the energy balance of the house 
(Fig. 1). In the hall, no shore zone was designed as its 
heat demand would be covered by heat gains from 
neighbouring rooms. The living room was divided into 
two heating surfaces with heating loops of 87 and 119 m, 

to avoid exceeding the allowable heating loop length 
equal to 120 m. 

The equipment and operation costs have been 
identified for such heating system. The individual 
components of the equipment cost are given in Table 3. 

Table 3. The equipment cost of heat pump including 
installations of lower and higher heat sources. 

Specification Cost [USD] 
Heat pump with built-in domestic hot 
water tank 6255.33 

Lower heat source – ground heat exchanger installation 
Lower heat source equipment 
(collector pipes – 285 m, manifold – 
3 circuits)  

439.39 

Glandless circulation pump, safety 
group, diaphragm expansion vessel 368.00 

Glycol – approx. 300 dm3 1030.40 
Total (lower heat source) 1837.79 

Higher heat source – heating flat installation 
Pipes of heating loops – 563 m 580.21 
Insulation 414.61 
Clips, edge band, manifold – 8 
circuits, circulation pump, ball valve 
(9 pcs) 

538.01 

Automatic balancing valve (8 pcs) 785.06 
Plasticizer, adhesive tape, couplings, 
expansion joint, expansion tape, 
peschel 

123.16 

Flush-mounted cabinet 62.31 
Expansion tank closed for rooms 
heating – 8 dm3 17.66 

Total (higher heat source) 2521.02 
Total equipment cost 10614.16 

Equipment cost may be reduced by subsidies. The 
subvention can be obtained from the National Fund for 
Environmental Protection and Water Management under 
the „Prosument” program [18]. The amount of subsidy is 
up to 15% of eligible costs, which is approx. 1,821.60 
USD in this case. Thus, if the subsidy is taken into 
account, the equipment cost for the heat pump 
installation is equal to 8,792.54 USD. This amount will 
be taken into account during calculation of the payback 
period of investment in heat pump installation. 

During calculation of the operation cost, it was 
assumed (based on [19]), that the working time of the 
heat pump for Kętrzyn is 2,426 h/yr. It allows 
calculating the annual electricity consumption by the 
heat pump as 4,124.2 kWh/yr. Results of the operation 
cost calculation are given in Table 4. 

Table 4. The operation cost for heat pump heating system. 

Specification Cost [USD/yr] 
Annual cost of electricity 
consumption by heat pump 618.63 

Annual cost of electricity 
consumption by circulation pumps 
of the lower and higher heat sources 

15.00 

Service of the heat pump equipment 122.67 

Total operation cost 756.30 
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The electricity price of 0.15 USD/kWh was 
assumed for a single-zone tariff for households (G11). 
The electricity consumption of each of the used 
circulation pumps (one in the lower and one in the 
higher installation) is approx. 50 kWh/yr. Service 
(including the heat exchanger cleaning) is approx. 
122.67 USD/yr. Although equipment cost can be a  
serious financial burden for an investor, total operation 
cost (Table 4) of 756.30 USD/yr is not too high in 
Polish conditions. 

3.2 Biomass boiler 

A biomass boiler is an alternative for the heat pump. The 
correct choice of the boiler depends mainly on the design 
heat load of the building. Other and equally important 
reasons for choosing a particular boiler are availability 
and price of the proper fuel, the cost of purchasing and 
installing the boiler, as well as the cost and comfort of 
using the boiler. 

Taking the design heat load of the house into 
consideration, the smallest biomass boiler with retort 
furnace fuelled with wood-pellets (which is available on 
the domestic market) was chosen. The nominal heating 
power of the boiler amounts to 9 kW, but it can work in 
the range of 3÷10 kW. When working with a nominal 
heating power, this boiler can achieve up to 86% 
efficiency. The technical specifications of the selected 
boiler are shown in Table 5. 

Table 5. Technical parameters of the selected boiler. 

Parameter Value 
Nominal heating power 9 kW 
Range of work 3 ÷ 10 kW 
Boiler working time without filling fuel 
(nom. heating power ÷ min. heating power) 50 ÷ 130 h 

Water capacity of the boiler 45 dm3 
Min. chimney draft required 24 ÷ 34 Pa 
Maximum operating pressure 1.5 bar 
Diameter of the flue 159 mm 

For the boiler, a central heating system consisting of 
plate heaters with a total heat output of 4709 W was 
designed. A double-walled heat exchanger with a 
capacity of 120 dm3 for domestic hot water heating was 
also selected. The heating installation diagram is shown 
in Fig. 3. 

 

 

Fig. 3. The heating installation diagram. 

For the heating system with biomass boiler, the 
equipment and operation costs have been also identified, 
as for the system with heat pump. The individual 
components of the equipment cost are given in Table 6. 

Table 6. The equipment cost of the heating system with 
biomass boiler. 

Specification Cost [USD] 
Heat source 

Biomass boiler 1616.99 
Double-walled heat exchanger 120 
dm3 176.64 

Total (heat source) 1793.63 
An installation for heat collection 

Plate heater C11-60 (3 pcs) 220.80 
Plate heater C11-30 (5 pcs) 288.27 
Plate heater C21S (2 pcs) 180.56 
Open expansion vessel reflex 25 dm3, 
ball valve (2 pcs), manifold – 7 
circuits, angle radial return valve (10 
pcs), glandless circulation pump 

545.62 

Automatic balancing valve ASV-P 
(10 pcs) 1077.01 

Pipe guide at the manifold (38 pcs), 
pipes PEAL-S10 – 191,82 m, 
thermostatic heads (7 pcs), flush-
mounted cabinet, peschel 

350.51 

Total (an installation for heat 
collection) 2662.77 

Total equipment cost 4456.40 

In the case of a biomass boiler, it is also possible to 
apply for a subvention in order to cover a part of 
equipment cost from the same program as for a heat 
pump. The amount of this subsidy is also up to 15% of 
eligible costs, which is approx. 596.16 USD. Thus, after 
this subsidy is taken into account, the equipment cost for 
a biomass boiler system is equal to 3860.24 USD. As 
with heat pumps, this cost will be taken into account 
during calculating the payback period of investment in 
the biomass boiler installation. 

Table 7 shows the operation cost of a pellet boiler 
heating system. Based on [20], the price of pellets of 
208.53 USD/t and annual use of pellets (3.8 t) was 
assumed. The electrical power consumption of the 
pellets feeder, blast furnace and circulation pump is 
approx. 1.7 kWh/day. Operation of the biomass boiler 
does not require regular service, like in the case of heat 
pump. The annual operating time of the pellet boiler is 
similar to a time of the heat pump work, so the value is 
the same, i.e. 2426 h/yr [19]. In addition, the price of 
electricity is the same, i.e. 0.15 USD/kWh. 

Table 7. The operation cost for pellets boiler heating system. 

Specification Cost 
[USD/yr] 

Cost of pellet using 792.41 
Annual electricity cost 93.03 
Total operation cost 885.44 

As it can be seen in Table 7, the operation cost of a 
pellet boiler system is slightly higher than the operation 
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cost of a heat pump system. Therefore, it is necessary to 
set a payback period for costs incurred. 

4 Results and discussion 
This section presents the results of comparison of both 
considered heating systems. Fig. 4 shows a comparison 
of equipment costs, while Fig. 5 shows a comparison of 
operation costs. 

 
Fig. 4. Comparison of equipment cost. 

The results shown in Fig. 4 indicate that the 
equipment costs on the heat pump is almost 3.5 times 
higher than on the pellet boiler. Also the costs of higher 
and lower heat source of heat pump is approx. 1.6 times 
higher than the heat collection installation of pellet 
boiler. The purchase costs of the installation with heat 
pump is calculated as the sum of costs of lower and 
higher heat sources. That is why these costs are 
significantly higher than the costs of heat collection 
installation working with pellet boiler. The total 
equipment cost of the heat pump system exceeds the 
total equipment cost of the biomass boiler system by 
approx. 2.4 times. The difference is approx. 6,158 USD. 
In consideration of the partial subvention [18], the cost 
of the heat pump over the cost of the biomass boiler will 
slightly decrease - to 2.3 times (the difference will be 
equal to approx. 4,932 USD). 
Fig. 5 shows a comparison of operation costs for both 
heating systems. Operation costs are mainly the fuel and 
electricity costs, but the cost of required service 
inspections is also included in the case of the heat pump. 
The operation costs for the biomass boiler system are 
slightly higher than the operation costs for the heat pump 
system. The difference is equal to 129.14 USD/yr. 
 

 
Fig. 5. Comparison of operation costs. 

The simple payback period has been also calculated, 
i.e. after how many years the difference in operation 
costs between the heat pump system and the pellet boiler 
system equates the difference in equipment costs 
between those systems. This result is shown in Fig. 6. 
The most optimistic scenario was took into account, in 
which the prices of fuels and electricity are not rising 
(and not decreasing); also heating systems are not failing 
and are working with unchanging efficiency. 

 

 
Fig. 6. The simple payback period of the heat pump system in 
relation to the pellet boiler system. 

The results in Fig. 6 show that lower operation cost 
of heat pump in comparison with biomass boiler cost lets 
qualify heat pump as more economically justified only 
after 38 years of working. As stated above, the costs of 
potential failures are not taken into account, which in the 
case of heat pump may even increase the payback 
period. These results show that the installation with a 
pellet boiler is more economically justified. 

For the analysed equipment, annual CO2 emissions 
were also determined (Fig. 7). 

 
Fig. 7. Comparison of CO2 emissions. 

Although the heat pump does not burn any fuel, the 
electricity used by the compressor or circulating pump in 
Poland is obtained primarily through coal combustion. 
Based on the CO2 emissivity factor for coal power 
generation (WE = 810 kg CO2/MWh [21]) it was 
calculated that the considered heat pump produces CO2 
at the level of approx. 3,341 kg CO2/yr. The pellet boiler 
also needs electricity to ensure proper operation, but it 
consumes much less of it what results in significantly 
lower CO2 emissions (approx. 503 kg CO2/yr). A level of 
CO2 emissions from pellet combustion equal 0 kg 
CO2/yr were assumed, because all CO2 emitted during 
biomass combustion is assumed to be completely 
absorbed by plants in the process of photosynthesis [22]. 
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Those values show that biomass boiler can be 
described as not only more economically justified 
system but also as considerably more ecological in 
Polish conditions. It is important to emphasise that the 
obtained results of CO2 emissions, being results of the 
electricity used, are true only in Polish conditions. These 
results can be different depending on the specifics of the 
area. The results similar like for Poland can be obtained 
for Estonia, where more than 83% of electricity is made 
by fossil fuels burning [23]. But for example in Belgium 
[8] the heat pump shows lower CO2 emissions when 
compared to the biomass fuelled installation, because in 
Belgium electricity is obtained mainly from nuclear 
power plants and additionally the cost of heat from 
pellets combustion is compared to the cost of heat from 
natural gas combustion. That is why in Belgium the heat 
pump is more ecologically and economically justified, 
and the results of similar analyses should be carefully 
taken into account. 

5 Conclusions 
The following conclusions can be drawn based on the 
performed study:  
1. The total equipment costs of the HP system are over 

two times higher than the total costs of the biomass 
boiler system, even if these costs are reduced by the 
means of the subventions. 

2. The high equipment costs of the HP based system 
stems from the need to make installations of lower 
and higher heat sources, while only a heat collection 
installation is required for the biomass boiler. 

3. The operation costs are slightly higher for the pellet 
boiler but the difference is only 129.14 USD/yr. 

4. The simple payback period shows that the higher 
equipment costs of the HP system in relation to the 
pellet boiler can be compensated by lower operation 
costs only after 38 years of using the HP system. 

5. The analysis of CO2 emissions showed that the pellet 
boiler is significantly more ecological. 
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