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Abstract 
An interesting project in Poland in the area of implementation of heat pumps for heating purposes was 

modernisation of heating installations of selected dwellings administrated by army. Actions taken encompassed a 
pilot project of installation of heat pumps to replace existing coal fired boilers. The present work describes the 
scope and the way in which modernisation of 22 objects took place as well as it presents general conclusions 
stemming from the one year period of their exploitation. 
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INTRODUCTION 

Increasing environmental pollution, significantly devoted to combustion of fossil fuels, stroke 
interest in environmentally clean ways of energy acquisition and utilisation of so called renewable 
sources of energy, amongst which the geothermal energy has a prominent position. One of the 
attractive sources of low-temperature geothermal energy are surface layers of lithosphere. The energy 
contained there can be utilised for heating purposes in installations co-operating with heat pumps, 
where the ground serves as a lower heat source [3]. Low-temperature energy taken from the ground, 
using the vertical or horizontal heat exchangers, is conveyed in the heat pump onto the higher 
temperature level [2] and then directed to heat receivers, for example heating installations in 
households. Installations of that type are used in practice for several years now, amongst the others in 
numerous European countries and United States (see Table 1).  

 
Table. 1. Heat pump installations utilising the ground energy [4] 

Country Amount Increment of amount or power 
Austria (1996) ∼ 13000 ∼ 1600 pumps annually 
Germany (1995) 14000 - 22000 240 - 450 MW annually 
Sweden (1998) ∼ 55000 ca. 330 MW 
Switzerland (1998) over 20000 ca. 300 MW 
Europe (1998) 100000 - 120000 1300 MW 

 
In Poland heating installations with heat pumps have been used in a larger scale only in the last 

few years. In the year 200 there were about 500 heat pumps with a total power of 5,5 MWt [1]. Due to 
a lack of more precise data these data should be regarded as tentative. 

 
 

REASONS FOR MODERNISATION OF EXISTING THERMAL POWER PLANTS 
In Poland one of the more interesting investments in the area of implementation of heat pumps for 

heating purposes was modernisation of heating system in selected dwellings administrated by the 
Szczecin Branch of Military Housing Agency (WAM). The actions undertaken in the area of 
implementation of heat pumps to replace hitherto operated coal-fired boilers were regarded as a pilot 
project. The project encompassed heating installations of several buildings situated in the following 
towns: Glebokie, Oleszno, Nadarzyce and Okonek. These towns are located in the area and 
surroundings of so called Drawa Polygon. These are predominantly picturesque sites without industry 
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which neighbour with the Drawa National Park, which is of significant importance with respect to 
preservation of natural environment.  
 
Boilers operating in these towns 
produced heat for the demand of 
buildings administrated by WAM. 
Due to a poor condition of equipment  
(Fig. 1) the boilers became eligible for 
complex modernisation. During 
modernisation process considered 
have been exchange of boilers with 
preservation of hitherto used fuel 
(hard coal) as well as implementation 
of oil fired or liquid gas (propane-
butane) boilers. However, in the light 
of conducted analysis the possibility 
of implementation of oil or liquid gas 
fired boilers has been rejected. This 
was reasoned by economical non-
viability of such enterprise. 
Implementation of gas was not 
feasible due to the lack of gas network 
in considered towns. 

 
 

Fig. 1. A view of the boiler house before 
modernisation 

 

 
Search for alternative solutions led to the development of a concept of implementation of heat pumps 
to replace the existing coal-fired boilers. According to the preliminary estimates such solution should 
decrease the production costs of heat as well as radically reduce harmful emissions. Majority of towns, 
where the heat pumps were to be installed, is located in sites completely without industry, and the 
existing boilers were the only objects emitting harmful substances to atmosphere. An additional 
element encouraging for the implementation of the project was a possibility of obtaining a non-
returnable financing of the enterprise. The modernisation project found acceptance of the National 
Fund for Environmental Conservation and Water Management, who awarded a 50% non-returnable 
donation to participate in purchases of equipment. Additionally the investment was financed by the 
Swedish fund SIDA. According to calculations the return on the increased investment with respect to 
alternative oil heating should take place after 5 years.  

 
HEAT PUMP AS A MODERNISED HEAT SOURCE 

Prior to the boiler modernisation each of the existing boilers produced heat to cover the needs of 
the dwellings connected to it. During the development of modernisation assumptions the concept of 
group boiler-houses supplying heat to several buildings at the same time has been discarded. AS a 
result of modernisation each building has been equipped with own independent bivalent heat source 
co-operating with a fully modernised heating installation. The main element of the heat source is a 
heat pump taking the low-temperature energy from the ground by means of ground heat exchangers. 
The nominal power of particular pumps has been adjusted in such a way that the installed power 
covers about 60-70% of the building demand for heat. The remaining part is supplied in the peak 
source, which are the electric heaters of large power installed in flow-heaters or the utility hot water 
containers. It must be stressed that the priority in operation of installation is preparation of utility hot 
water. 
 
In Fig. 2 presented are two variants of heating systems with heat pumps applied during modernisation 
of selected objects. The difference between the variants results from the heat pumps used. Both pumps 
are of Swedish production, but in the variant A the heat pump manufactured by ETA (type Delta First) 
has been used, whereas in the variant B the pump from IVT (type Greenline) has been used. 
 
In installations with ETA pumps (Fig. 2a) the network water heated in the heat pump (1) flows to the 
peak-time heater (8), which has been installed in the lower part of the tank (4), serving for preparation 
and storage of utility hot water, where from it is directed to the building heating installation (3). 
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According to the needs the stream of heated network water flows either through the heating blanket of 
the tank (4) or the building heating installation (3). Control of network water circulation takes place by 
means of control valve (9). Installation has been equipped in electric heaters serving as peak-time 
heaters, adjusting the water temperature for the needs of central heating (8) and utility hot water (7). 
 
The installation presented in Fig. 2b is based on the heat pumps manufactured by IVT company and 
which is equipped from start with the electrical peak-time flow heater (8), which is originally 
integrated with the heat pump from the factory (1). Network water heated in the heat pump (1) and 
eventually adjusted in the peak-time heat exchanger (8) is directed through the control valve (9) to the 
building heating installation (3) as well as the heat container (5). Cold installation water, flowing 
through the coil in container (5) is heated and directed to the relevant utility hot water container (4). 
Such container is equipped with peak-time heaters ensuring the adequate utility hot water temperature 
(7). Adequate water temperature for central heating purposes is ensured by the flow heater (8). 
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Fig. 2. Schematic of heating installation incorporating heat pump: a. ETA product, b. IVT product: 

1-heat pump, 2-lower heat source – ground heat exchangers, 3- building heating installation,  
4-hot water container, 5-container - heater, 6-circulation pumps, 7-peak-time hot water heater,  

8-peak-time heater, 9-leveling tank 
 

Operation of both systems is fully automated and their functioning controlled by the microprocessor 
systems. A sample view of two modernised boilers, based on installations with heat pumps, has been 
presented in Fig. 3. 
 
The heat pumps implemented in the installations acquire heat from the ground by means of vertical 
systems (as well as connecting them horizontal ones) ground heat exchangers, where the working fluid 
for the heat transport is a glycol solution. Both heat exchangers are made of polyethylene tubes with 
diameters of 40 mm and 3.7 mm wall thickness. Vertical heat exchangers of the “U” type are placed in 
the wells made by the sawtooth bit with head flushing for the purpose of its cooling and drillings 
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removal (Fig. 4). The holes, after placement of heat exchangers inside them, have been silted up to 
improve thermal conductivity on the probe-soil contact. The length of heat exchangers used in 
particular installations was differentiated and felt into range from 30 to 185 meters. With dependence 
to the required thermal power the heat exchangers were connected in parallel using the connection 
collectors (Fig. 4). Horizontal tube sections have been placed at the depth of ~1,5 metres under the 
ground level.  

 
  

 
 

 

 
 
Fig. 3. View of the modernized installations with heat pumps 

cooperating with heat container equipped with heaters  
(Glebokie, Choszczno) 

 

 
 

 
 

 
Fig. 4. Placement of the heat exchanger the “U” 

type in the vertical well (Choszczno) 
 
 

 
 

Fig. 5. Connection collector of ground heat 
exchangers (Glebokie) 
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MODERNISED OBJECTS 
Heating installations in several buildings situated in towns located in the region and surroundings 

of Drawa Polygon have been modernised. Presented below is a brief description of modernisation 
works and a more detailed presentation pertains to the town of Glebokie.  

 
Modernisation of the heating system of buildings in the town of Glebokie 

In the town of Glebokie a boiler house has been functioning equipped with a water boiler with 
nominal power of 280 kW, consuming about 160 tonnes of coal per year. A real fuel consumption was 
greater, which resulted from the boiler over-exploitation, where the real efficiency has been estimated 
to be about 40-45% (a nominal value was – 70%). The thermal power station supplies heat and hot 
water to the housing estate consisting of 3 buildings with 20 dwellings with a total heating power of 
1355 m2.  

As a result of modernisation in each building there was installed an independent heat source in the 
form of compressor heat pump of the Delta First type manufactured by ETA. Installations have been 
assembled according to the schematic presented in Fig. 2a. In buildings denoted as G-1/2 and G-3/4 
implemented have been heat pumps with nominal power of 22 kW each, whereas in building denoted 
as G-5 a pump with power of 15 kW. Installed heat pumps cover the buildings heat demand to the 
extent of 55 to 65%. The remaining amount of heat is supplied in electric peak-time heaters. 
Fundamental data characterising modernised heating systems are presented in Table 2.  

 
Table 2. Characteristics of heating systems with heat pumps in the town of Glębokie 

 Unit G-1/2 G-3/4 G-5 
Number of flats pcs 8 8 4 
Heated area of buildings m2 542 542 127 
Heat demand for central heating kW 27,0 27,0 13,5 
Heat demand for utility hot water kW 12,1 8,1 3,8 
Total heat demand kW 39,1 35,1 17,3 
Heating power and heat pump type kW 1 x 22 kW 1 x 22 kW 1 x 15 kW 
Number of vertical „U” type heat exch. pcs 9 6 4 
Total length of „U” type heat exchangers m 281 270 150 
Unit heat flux taken by the vertical „U” 
type heat exchanger 

W/m 60 60 60 

Heat flux from the ground taken by the 
„U” type heat exchanger 

kW 16,9 16,2 9,0 

Length of horizontal collectors m 310 365 172 
Unit heat flux taken by the horizontal  coll. W/m 10 10 10 
Heat flux from the ground taken by the 
horizontal collector 

kW 3,10 3,7 1,7 

Total acquired heat flux kW 20,0 19,9 10,7 
Utility hot water container (type, capacity) m3 0,75 0,75 0,75 
Power of the peak-time source kW 3 x 5,6/9,0  
Power of the coal boiler (old source)  kW 1 x 280 
Amount of the fired fuel (coal) t/a > 320 
 

Each of heating pumps co-operates with a set of vertical ground heat exchangers, the dimensions of 
which have been given in Table 3, whereas the spatial orientation in the site is presented in Fig. 6.  

 
Table. 3. Dimensions of ground heat exchangers of „U” type used in heat pump installations  

in the town of Glebokie 
Building G-5  G-3/4 

Heat exchanger No. 1 2 3 4 5 6 7 8 9 10 
Length 38,0 38,0 37,0 37,0 35,0 35,0 50,0 50,0 50,0 50,0 

Building G-1/2 
Heat exchanger No. 11 12 13 14 15 16 17 18 19 

Length 32,0 31,0 31,0 35,0 30,0 36,0 27,0 29,0 30,0 
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All buildings have been subjected to thermorennovation and their internal installations have been 
adjusted to the parameters of the heat source. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Situation of ground heat exchangers of the „U” type co-operating with heat pumps  
supplying the buildings in the town of Glebokie 

 
Modernisation of remaining heating installations 

Modernisation of heating installations took place also in other buildings in the following towns: 
Oleszno, Okonek and Nadarzyce. A brief description of these objects is presented below and the 
fundamental technical data regarding the specific installations is given in Table 4.  

 
Table 4. Characteristics of remaining heating installations with heat pumps 

 Unit Oleszno Nadarzyce Choszczno Okonek 
Number of buildings pcs 8 3 4 4 
Heated area of buildings m2 3270 1035 2987 2800 
Number of insulated heat pumps pcs 8 3 4 4 
Heating power and heat pump type Pcs / 

type 
(kW) 

6 x DF-15 
1 x DF-22 
1 x DF-36 

3 x DF-15 2 x DF-15 
2 x DF-22 

3 x GLE-14 
1 x GLF-50 

Number of vertical „U” type  heat exch. pcs 18 3 x 2 4 x 2 2+3+3+11 
Length of „U” type heat exchangers m 110 - 125 110 150 92-93 
Total length of „U” type heat exchangers m 2140 654 2020 1575 
Unit heat flux taken by the vertical „U” 
type heat exchanger  

W/m 45 50 60 50 

Heat flux taken by the „U” type heat exch. kW 96,3 32,7 121,2 78,8 
Length of horizontal collectors m 2106 712 880 1192 
Unit heat flux taken by the horizontal 
collector 

W/m 10 10  15 10 

Heat flux from the ground taken by the 
horizontal collector 

kW 21,1 7,1 13,2 11,9 

Heat flux from the ground taken by the 
vertical and horizontal collectors 

kW 117,4 39,8 134,4 90,7 

Power of the coal boiler  kW 2 x 280 220 - 2 x 280 
Amount of the fired fuel (coal) t/year 320 126 - 320 

 
In the towns of Oleszno and Nadarzayce there were existing the coal-fired thermal power stations 
supplying respectively 8 buildings in Oleszno (45 dwellings, 3270 m2 of heated area) and 4 buildings 
in Nadarzyce (20 dwellings, 1035 m2 of heated area). These buildings were subject to analogical 
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modernisation as that conducted in the town of Glebokie. Each building has been equipped with the 
Delta First type heat pump manufactured by ETA, which co-operated with the peak-time source 
(electric heaters) and operating according to the schematic presented in Fig. 2a. Heat pumps are 
equipped with vertical ground heat exchangers of the length ranging from 110 to 125 metres. 
Depending on the building the heat pump covers between 60 to 65% of heat demand. The remaining 
part of energy is supplied in peak-time heaters. 
 
A subsequent stage of works was a modernisation of the heating systems in 4 buildings in the town of 
Okonek. Single and two storey buildings with a total living area of 1306 m2 have been subject to a 
similar modernisation as described above. In these buildings installed have been the heat pumps made 
by IVT (type Greenpower), which co-operate with electric peak-time heaters and operate according to 
the schematic from the Fig. 2b. Depending on the building the heat pumps cover from 46 to 70 % of 
heat demand. Implemented probes of the “U” type have lengths of 92 and 93 metres. 
 
The last stage of the project was implementation of heat pumps in the newly built estates. In 2001 
there has been developed a new housing estate consisting of 4 detached buildings consisting of 2 and 
three storey buildings to be inhabited by 60 families and the total living area was 2987 m2. These 
building have been erected in the energy conservation technologies according to the actual standards. 
The heat pumps of the Delta First type made by ETA have been used in the boiler houses, which 
operated according to the schematic presented in Fig. 2a. Energy from the ground is takes by means of 
heat exchangers of “U” type with the length of 185 metres each. 
 
Ecological effects of modernisation 

Elimination of coal-fired boilers brought forward significant ecological benefits. As a result of 
installation of heat pumps the emitters introducing significant amount of gaseous pollutants have been 
removed. The extent of reduction of emitted pollutants can be presented on the example of he town 
Glebokie (Table 5). Presented quantities have been estimated on the basis of consumed fuel in the 
eliminated coal-fired boiler. 

 
Table 5. Reduction of pollutants due to implementation of heat pumps for building heating  

in the town of Glebokie. 
Pollutants SO2 NOx CO CO2 pył 

Reduction [t/year] 9,35 0,83 37,57 1670 8,51 
 
In reality obtained ecological effect is even bigger. This is connected with combustion of much greater 
amount of fuel than what would result from a normative consumption and which is a consequence of 
wear of equipment. The ecological effects obtained in other towns, where removal of the boiler-house 
and the replacement to heat pumps took also place, are very similar. 
 
Additional actions. 

An indispensable condition for obtaining beneficial effects of heat production using heat pumps 
was to subject all buildings to the thermomodernisation process and adjustment of buildings’ heating 
installations to low-temperature parameters of modernised heat source. 
 
The buildings made in technologies of the seventies would never obey the requirements faced 
nowadays by similar objects with respect to the partition insulation and building industry carpentry, as 
well as their energy efficiency as well. Bearing that in mind, in parallel with modernisation of heating 
installation, conducted has been modernisations of building aimed at reduction of heat losses and in 
effect to reduce energy demand. The modernisation was based on insulating external building walls 
with a 10 cm thick layer of polystyrene together with insulation of attics by introduction of 20 cm 
thick layer of glass wool granulate. An important thermomodernisation element was the exchange of 
windows (k = 1,1 W/m2K) together with implementation of several other additional practices reducing 
heat losses.  
 
In all buildings conducted has been a full exchange of central heating installations and partial 
exchange of utility hot water installation adjusting in such way the systems to operate under new low-
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temperature parameters of heat source operation. Central heating installations, operated up to date, 
which were designed to perform at the parameters of supplied water of 95/70 0C, could not co-operate 
with the heat pump, where the circulation water has lower temperature (55/45 0C). Bearing that in 
mind performed have been calculations for the heat demand for the buildings subjected to 
thermomodernisation and on that basis designed have been new low-parameter heating installations 
equipped with low-temperature radiators. In all building the modernisation encompassed a total 
exchange of radiators together with the distribution network of pipelines.  
 
SUMMARY 

In Poland there operates only a small amount of heating installations incorporating heat pumps 
utilising low-temperature geothermal energy. In comparison to the other countries their distribution, 
similarly as other renewable resources (photovoltaics, solar collectors, etc.) undergoes very slowly. 
One of the major barriers are high investment costs, which are not always compensated by low 
operation costs as well as a low cost of produced energy. 
 
Involvement of military institutions into the idea of implementation of heat pumps for heating 
purposes in administrated objects is a positive example. This confirms that the interest in renewable 
and non-conventional sources of energy remains very high. It enables also to judge that the possibility 
of implementation of various sources of energy has been thoroughly analysed by the investor and the 
results of such analysis justified the usefulness and cost-effectiveness of implementation of heat 
pumps. 
 
Presented in the work installations operate since 2002 and have just completed the first heating period. 
A full year operation of 22 installations enables to draw several interesting conclusions and remarks. 
 
A major conclusion to be drawn is that realised has been a modern, ecological heating system 
supplying heat to buildings as well as preparing utility hot water, which is simple to control and does 
not require operation assistance. It results from here that heating installations with heat pumps are 
useful and can be applied in large dwellings, particularly there where application of other solutions is 
tampered or even impossible. 
 
Observations made during the exploitation period raise also several questions are critical remarks. It 
has been for example found that some buildings with the same architecture and construction, subjected 
to the same thermorennovation and identical modernisation of internal heating networks and equipped 
with the same heat pumps (types and powers), indicate significant differences in consumption of 
electric energy for driving the heat pumps and supplying the peak-time heaters. Such differences 
cannot be explained for example by an increased use of utility hot water by the inhabitants. 
 
It seems also that the negative side of the entire system is the use pf electric heaters as peak-time heat 
sources, at least the share of power between heat pumps and peak-time heat sources. Installation 
designs, made by specialists from Sweden, transformed without any criticism Scandinavian solutions 
onto the Polish conditions. A high cost of electricity in Poland worsens the economy of the enterprise, 
which incurres higher costs of heat produced in peak-time heaters. 
 
With that in mind the Heat Technology Department of the Technical University of Szczecin agreed to 
monitor the installation in order to assess its operation. The results of these analyses will be presented 
at a later opportunity. 
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