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RESEARCH RESULTS OF THE EFFECTIVENESS OF THE HEAT OBTAINMENT FROM 
THE GROUND IN WINTER SEASON 

Summary 

In the period between December 2011 and March 2013, there were conducted the research on the acquisition and 
processing of the heat from the ground with usage of the vertical heat exchangers and heat pump with capacity of 8 kW. The 
daily heat production yield amounted to 0.486 GJ and lack of thermal regeneration in spring-summer period of the 
exploited deposit in winter time for two years (2012 and 2013) did not cause any significant reduction of the heat obtained 
from the ground. And the difference in the amount of heat generated by the heat pump did not affect the temperature of the 
heated area. 
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WYNIKI BADA� EFEKTYWNO�CI POZYSKIWANIA Z GRUNTU CIEPŁA  
W OKRESIE ZIMY 

Streszczenie 

W okresie od XII 2011 do III 2013 r. prowadzono badania nad pozyskiwaniem i przetwarzaniem ciepła z gruntu wykorzystu-
j�c pionowe wymienniki ciepła i pomp� ciepła o mocy 8 kW. Dzienny uzysk wyprodukowanego ciepła wyniósł 0,486 GJ, 
a brak regeneracji termicznej w okresie wiosenno-letnim eksploatowanego zło�a zim� przez dwa lata (2012 i 2013) nie 
spowodował znacznej redukcji pozyskiwanego ciepła z gruntu. A ró�nica w ilo�ci generowanego ciepła przez pomp� ciepła 
nie wpłyn�ła na temperatur� ogrzewanych pomieszcze�. 
Słowa kluczowe: energia, ciepło, pompa ciepła, budynek inwentarski, ogrzewnictwo 

1. Introduction 

The heat pumps are devices enabling the acquisition of 
heat from various sources, applicable to industrial processes 
and home heating systems. Increasing energy prices 
demand the search for cost-efficient and effective solutions 
of energy generation. The heat pump has a high potential 
for efficient sourcing of cheap energy from renewable 
sources [2]. The heat pump in a system with ground heat 
exchanger (GSHP-ground source heat pump) as a basic 
source of energy for heating or cooling, uses solar heat 
accumulated beneath the soil surface. This system provides 
high efficiency of the air conditioning rooms – the ground 
provides low temperature for cooling systems and high 
temperatures for heating ones, moreover ensures a stable 
temperatures with fluctuations smaller than changes in air 
temperature [14, 15]. The ground is a good heat 
accumulator, since all year it retains relatively uniform 
temperatures between 7 and 13°C (at a depth of 2 m).  

GSHP systems are widely distributed and used in 
residential and office architecture. In recent years all over 
the world it has been observed a steady increase in the 
number of installations of this type ranging from 10% up to 
30% per year [1]. Working activity of the heat pump is 
based on a reversed thermodynamic cycle, forcing the flow 
of the heat from the region of lower temperature to the area 
of higher temperature. The heat pump for power supply 
uses electricity, however it is about ¼ of the total energy 
produced by this device. Normally the pump delivers three 
or four times more of the heat in comparison with the 
electricity input into the drive system. The device and the 
installation of the whole system for the heat extraction from 
a natural center, is characterized by high investment costs 

compared to conventional heating systems, but low 
maintenance costs of the system with a heat pump and 
ecological benefits, provide reliable and environmentally 
friendly method of building heating on over 20 years [9]. 
Absorption of the heat from the ground takes place with the 
aid of proper ground heat exchangers located in the ground 
boreholes reaching the depth of 200 m (vertical heat 
exchangers) or distributed over a large area at a depth of 1-
1.5 m (horizontal heat transfer). Heat exchangers operate in 
a closed system, and usually the circulating factor 
collecting the heat from the ground is water solution of 
glycol. The heat transfer through the ground heat 
exchangers is strongly dependent on thermal properties of 
the soil. Composition and type of the soil can vary 
considerably, not only in the particular area, but also can 
differ alongside the depth of the borehole. The efficiency of 
heat exchange depends on thermal properties of the soil 
surrounding the heat exchanger. Therefore, when designing 
the ground heat exchangers it is important to effectively 
determine the soil thermal properties [7]. In the literature, 
there are numerous research papers on effectiveness [6, 8] 
and profitability of heat pump systems. [5, 10] reported that 
the heat pump in system with ground source heat pumps 
(GSHP) are an attractive alternative for conventional 
heating and cooling systems due to their higher efficiency 
of energy use. The Authors’ study clearly indicate that 
GSHPs are economically beneficial also in cooperation 
with conventional heating or cooling devices. 

The efficiency of heat pump systems and ground source 
heat pumps is related to the temperature of the lower source 
- the higher the temperature the higher the efficiency of the 
entire system. Increasing of the ground thermal efficiency is 
made through the regeneration of the ground with a heat 
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from solar collectors [11, 16] or cooling the buildings in the 
summer [3]. 
 Research of Hanuszkiewicz-Drapała [4] on functioning of 
ground, complex horizontal-vertical heat exchanger showed 
that in second heating season the amount of heat absorbed 
from the ground was slightly lower in comparison with first 
season. And the reason was the lack of complete heat recovery 
of the ground in the summer. The author states that heat  
regeneration of the ground, which raises the heating energy is 
essentially important and affects the proper functioning of the 
heating system in the coming years. 

2. Research aim and research hypothesis 

The research aim is to analyze the thermal performance 
of the vertical ground heat exchangers in set with a heat 
pump and verification of the efficiency of heat acquisition 
from the ground without current regeneration of ground 
heat potential consisting of additional heat “dump” from 
summer working solar panels. 

The research hypothesis was that in case of winter 
exploitation of the vertical ground heat exchangers, there is 
no need of deposit regeneration in the summer with usage 
of heat from another heat sources - such as solar panels. 
Justification of this hypothesis is related to the fact that the 
Earth has a large enough heat potential and few months 
exploitation of the limited space around the vertical heat 
exchanger should not disturb this potential or reduce its 
value to such an extent that could have a negative impact on 
heat acquisition in subsequent heating seasons. 

3. Research problem 

1. Does 2-year long acquisition of heat from the ground 
without deposit current regeneration in summer have an ef-
fect on heat input during subsequent heating seasons? 
2. What is the efficiency of heating system that acquires 
heat from the vertical ground heat exchangers? 

4. Methodology 

 The applied research methodology was used during the 
measurements and studies in the period 2011-2012 and 
described by Szulc and Łaska [12]. The research site was 
located in the ITP in Poznan in the renewable energy 
laboratory "Ekobudynek" (“Ecobuilding”) with dimensions 
of 12 m x 6 m having walls made of sheet filled with 10 cm 
layer of styrofoam. It consisted of the heat pump Vitocall 
200 Viessmann 8 kW, storage tank with capacity of 200 
dm3, two geothermal boreholes of 70 m deep each. The heat 
meters were installed at the entrance and exit of the heat 
exchanger (geothermal borehole) and in the installation 
carrying the hot water to the radiators in a heated building. 
The heated room was a cellar with a capacity of about 125 
m3, as well as "Ekobudynek" equipped with 6 radiators. 
The studies were conducted in the period from 12th

December 2011 to 14th February 2012 and between October 
2012 and March 2013. The analysis of the results was 
developed using appropriate formulas and presented as a 
printout of the Excell 2010 spreadsheet.  
 Determination of the coefficient of performance (COP) 
defining the energy efficiency of the operated system was 
obtained as a quotient of the gained heat (GJ) in relation to 
incurred energy expenditure (kW; GJ). 

5. Research results 

Table 1 presents selected measurement results of exploi-
tation research taken in winter (between 10th October 2012 
and 29th March 2013) demonstrating the efficiency, produc-
tivity and the repeatability of working characteristics of 
buildings heating system with a heat from vertical ground 
exchangers and heat pump support. For comparison, Table 
2 shows already published [13] research results from winter 
period between 12th December 2011 and 14th Febru-
ary 2012. 

Source: own research / �ródło: badania własne

Fig. 1. Block scheme of tested installation: 1 – vertical heat exchangers; 2 – heat pump; 3 – buffer tank; 4 – heated basement 
in research building; 5 – renewable energy laboratory; 6 – micro biogas plant; 7, 8, 9 – heat meters  
Rys. 1. Schemat blokowy badanej instalacji: 1 – pionowe wymienniki ciepła; 2 – pompa ciepła; 3 – zbiornik buforowy; 4 – ogrze-
wana piwnica budynku naukowego; 5 – pracownia energii odnawialnej; 6 – mikrobiogazownia; 7, 8, 9 – ciepłomierze  
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Table 1. Selected measurement results from the period between 10.10.2012 and 29.03.2013  
Tab. 1. Wybrane fragmenty wyników pomiarów z okresu 10 X 2012 do 29 III 2013 r. 

Source: own research / �ródło: badania własne
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Table 2. Selected measurement results from the period between 12.12.2011 and 14.02.2012 [13] 
Tab. 2. Wybrane fragmenty wyników pomiarów z okresu 12 XII 2011 do 14 II 2012 r. [13] 

The conducted research clearly showed that average 
daily heat gain from two geothermal boreholes amounted 
0.486 GJ where heat pump support was approximately 
47.5% (0.255 GJ). This value confirmed research results 
from the first winter period (2011-2012), when the daily 
yield of heat produced was 0.538 GJ with 49.44% share of 
the heat pump (0,272 GJ). The difference in the amount of 
heat produced per day in 2011-2012 and 2012-2013 
amounted 0.052 GJ which is a value lower of 9.66% in 
comparison with previous year. Despite this, the average air 
temperature in heated rooms in the first heating period was 
only 12.9°C, and in the second one 14.2oC. Average air 
temperatures outside were statistically comparable and 
amounted in the examined periods respectively -1.28°C and 
-1.0°C, so could not be a significant factor having a 
considerable effect on the temperature inside the heated 
area. 

The average temperature of the heated second room -
renewable energy lab – in investigated period amounted 
16.3oC, and during the first winter period – 12.51oC. 
However, the most important indicator is the fact that both 
after first and second winter heating period, there was no 
thermal ground recovery (recommended in the period from 
spring to autumn), making a heat-dump from another heat 
source, which usually is a liquid solar collector. Moreover 
during spring-summer period (between 2nd April and 28th

August 2012) was further exploitation of vertical heat 
exchangers, so the ground deposit could not have a chance 
to be regenerated. These actions were intentional and 
targeted, in order to prove the initial hypothesis saying that 
in case of heat extraction from the ground there is no need 
for thermal regeneration of the ground in the summer [13]. 

The obtained results of 2-year research confirm this 
hypothesis. 

In winter time 2012-2013 additionally was installed
third point receiving the heat generated - the installation 
heating the gas path of the container micro biogas plant 
located in ITP – Pozna� branch - Figure 2.

Photo R. Szulc 

Fig. 2. Additional heat transfer – container micro biogas plant 
Rys. 2. Dodatkowy odbiór ciepła – mikrobiogazownia kon-
tenerowa 
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6. Conclusions 

Based on the conducted research and obtained observa-
tions the following conclusions have been raised: 
1) The daily yield of the heat produced was 0,486GJ. 
2) Lack of thermal regeneration during spring-summer pe-

riod of the deposit exploited in winter time for two years 
did not cause a significant reduction of heat obtained 
from the ground. And the difference in the amount of 
heat generated by the heat pump did not affect the tem-
perature of heated area. 
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