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ABSTRACT 
 
The geothermal district heating system in Podhale is exploiting very reach geothermal reservoir, 
consist of limestone and dolomite of the Tertiary age, located at depth of  2200 to 3400 m.b.g.l. 
Water temperature is 87º C, and a yield from a single well is up to 550 m3/h. In November 2001 
a first geothermal heat was delivered to the customers in Zakopane. Investment costs has already 
reached level of 45 ML Euro. Installed capacity is 67 MWt, heat production in 2002 reached 250 
TJ/year, with a target production of 500 TJ/year in 2005. Thanks to the implementation of the 
geothermal heating in 2002 annual and wintertime ambient concentrations of particulate matter 
(PM10), sulfur dioxide (SO2) in Zakopane has dropped by 70 % in comparison to the situation 
before the geothermal heating was in place. From technical point of view, excellent performance 
but economy of the project suffers from much lower heat demand of the heat customers that 
estimated and new taxation on the district heating network.  
 
 
1. INTRODUCTION 
 
The efforts to find geothermal resources in the Podhale Region  were begun in the late 1980’s . 
The well, Banska IG-1, drilled in 1981, served as the starting point for an expansion of those 
research activities. A pilot geothermal energy plant was put into operation in 1993.  In 1993, 
Geotermia Podhalanska company  (GP) was founded, and the pilot project including the first 
distribution network  for 20 customers, was constructed. 
After the initial phase of project implementation from 1993 to 1995, developing and operating a 
pilot plant constructed  for demonstration purposes by the Polish Academy for Sciences on the 
basis of the first geothermal doublet (one production well in Banska Nizna and one reinjection 
well in Bialy Dunajec) and connection of 200 households through a small DH network – the 
World Bank got involved in the geothermal district heating project. Since then, significant 
progress was made to increase the overall heat capacity and geothermal output as well as the 
service area to the City of Zakopane, which is situated approx. 14 km from the production wells. 
In November 2001 the first geothermal heat was delivered to customers in Zakopane. 
 
 
2. THE STATUS OF THE TECHNICAL IMPLEMENTATION . 
 
• Based on the pilot plant with the first geothermal doublet drilled (one production, one 

reinjection – doublet # 1) at Banska Nizna and Bialy Dunajec, and the connection of more 
than 200 households to the nearby pilot plant through a small DH network, a second doublet 
(production well PGP 1 and reinjection well PGP 2 – doublet  2) was drilled. These two 
doublets installed up to now have a potential flow rate of 670 m³/h and are used for covering 
the base heat demand. 
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• The Geothermal Base Load Plant (BLP) was constructed between 1996 and 1998 in 
Banska Nizna, including up to now five heat exchangers with a total capacity of  30 MWth.. 
The BLP is situated between the production and reinjection wells of the second doublet 
(which are approx. 2,100 m away from each other). Furthermore, other technological units 
are installed in the BLP, such as a recirculating water treatment system (approx. 50 m³/h 
capacity), an expansion system and circulation pumps with a capacity of 3 x 470 m³/h 
towards Zakopane. 

• The installation of the Gas Peak Load Plant (PLP) in Zakopane was started in 1996 and by 
the year 1998 two gas-fired water boilers of 10 MWth capacity each, together with 
economizers (1 MWth capacity each) for condensation heat recovery from the combustion 
gases, were installed. The water boilers are hydraulically separated from the water network 
system by three heat exchangers with a capacity of 17 MWth each.  
Additionally 3 gas engines with a heat capacity of 3 x 700 kWth and an electric capacity of 3 
x 550 kWel were installed in 2001, as well as an additional boiler with a heat capacity of 14.7 
MWth to be fired alternatively by gas or oil. The gas motors shall produce parts of the 
necessary electricity used for pumping purposes and feed excessive electricity it into the 
grid. 

• The transmission line of approx. 14 km length, (constructed as a double-line for the supply 
water and the return water, DN 400 to DN 500) was finished in 2001, connecting the 
geothermal plant with the peak load plant and the DH network in Zakopane. Along the 
transmission line, 3 pumping stations (with a electric capacity of 90 kW each) for the supply 
water and reduction stations for the return water were installed, because of the considerable 
ground level differences between the BLP (approx. 670 m above sea level) and the highest 
location of the system to be connected (approx. 930 m above sea level). 

• District heating (DH) network : Until the end of 2002 some  56.5 km of DH network have 
been constructed, connecting approx. 800 customres.The pre-insulated pipes are built as low 
temperature heating network (90/50°C). All pipelines with diameters of DN 100 and larger 
are equipped with a leakage detection system. The temperature of the supply water after the 
heat exchangers in the BLP is about 82-83 °C, and drops by 2 °C as a result of heat losses in 
the 14 km transmission line to Zakopane, which results in an inlet temperature of about 80 
°C at the point of the customer. 
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Fig.1 General layout of Podhale geothermal district heating system  
 
3. Reservoir properties 
 
The geothermal district heating system in Podhale is exploiting very rich geothermal reservoir, 
consist of limestone and dolomite of the Tertiary age, located at depth of  2200 to 3400 m.b.g.l. 
Water temperature is 87º C, and a yield from a single well can reach 550 m3/h. 
Average permeability in the reservoir zone is in range of 900 (mD), effective thickness is about 
150 m. 
 

 
 

Fig.2 Geological cross-section of Podhale geothermal basin 
 
4. Heat production 
 
Heat is being produced in the following plants:  
• Geothermal Base Load Plant 
• Gas and Gas CHP Peak Load Plant 
In November 2001 a first geothermal heat was delivered to customers in Zakopane.   
Investment costs has already reached level of  52 700 ( kEuro). Installed capacity is 67 MWt, 
heat production in 2002 reached  250 TJ/year, with a target production of 500 TJ/year in 2005. 
 
 
5. INVESTMENT EXPENDITURES TILL THE END OF THE YEAR 2002 
 

Table 1. Investment costs 
 Investment costs in (1000Euro) 
Wells 3 500 
Seismic survey 3D 1 500 
Geothermal Base Load Plant 1 800 
Peak Load Plant Zakopane 5 250 
Transmission pipeline to Zakopane 10 000 
Distribution network  20 000 
Connections of customers  450 
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6. COMPARISON OF COST OF HEAT FOR CUSTOMERS IN ZAKOPANE, 
PRODUCED FROM DIFFERENT SOURCES 

 
The results show that  coal is still the cheapest energy source in Zakopane. Depending on heat 
demand, total costs for coal are between 1% and 4% per annum lower compared to geothermal 
energy. All other energy sources are more expensive than geothermal energy. Coke is about 10% 
more expensive than geothermal energy, natural gas between 17% and 43%, oil between 50% 
and 75%. The following diagram gives an overview on the cost situation.   
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Figure 3. Cost comparison for small consumers with labor costs 
 
The biggest influence on annual energy costs of coal and coke are the assumptions regarding 
labour input. The comparison above is based on labour costs of 9 USD per MWh. Depending on 
the energy demand, labour costs have a share between 25% and 30% of total energy costs for 
coal and coke.  
 
 
7. IMPACT ON ENVIRONMENT 
 
Thanks to the implementation of the geothermal heating in 2002 annual and wintertime ambient 
concentrations of particulate matter (PM10), sulfur dioxide (SO2) in Zakopane has dropped by 
50 % in comparison to the situation before the geothermal heating was in place.The average 
yearly concentrations of SO2 for the period 1994-1998 (before the Geothermal project was 
started) amounted to 32.6 µg/m³. In comparison to this period, the average concentration has 
been 23.6 µg/m³ (reduction of 27.6 %) in 2000 and 17.8 µg/m³ (minus 45.3 %) in 2001.  
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Figure 4. Annual average concentrations of SO2 

 
The annual yearly concentrations of PM10 for the period 1994-1998 (before the geothermal 
project was started) amounted to 54.3 µg/m3. This means that the annual average concentrations 
dropped by 49.3% in 2000 and 48.8 % in 2001 compared to average value in previous years. The 
slight increase of ambient concentrations of PM10 between 2000 and 2001 can be caused by local 
climate conditions like pressure, direction of wind etc. It could also be caused by an increasing 
number of cars coming to Zakopane, which are also regarded a significant source of emission of 
PM10. 
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Figure 5. Annual average concentrations of  PM10 
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8. PROBLEMS AND LESSONS LEARNED. 
 
Besides very positive effects that were obtained due to project implementation some problems 
appeared, which have negative influence on the project economy. 
 
Planned Heat sales vs. actual When project was under preparation , to evaluate potential 
market for heat sales, market survey was performed by the Danish Company Houe & Olsen ( 
1996). Potential market for heat sales was estimated to be on the level of 1,6 milions of GJ/year. 
The entire market was break down into four categories : 
 

a. District heating company in Zakopane   
b. District heating company in  Nowy Targ 
c. Large scale consumers ( hotels , schools, shops etc.)-  
d. Individual house holds 
 

Table 2. Potential market for heat sales after Houe&Olsen  1996 ( Market Study ) 
 
 Number of 

customers 
Planned heat sale in 

GJ/year
Avearge heat 
demand  GJ/year 

District heating 
company in Zakopane 

1 173 000

District heating 
company in  Nowy 
Targ 

3 290 000

Large scale consumers 171 466 000 2723 
Individual house holds 7 976  746 000 93
Total   1 675 000  
 
During Project Appraisal , when the size of the project was finally decided , following potential 
customers were identified. 
 
Table 3. Potential market for heat sales based on Project Appraisal Document – The World 

Bank April 2000 
 
 Number of 

customers 
Planned heat sales in 

GJ/year
Avearge heat 
demand   GJ/year 

District heating 
company in Zakopane 

1 96 600

District heating 
company in  Nowy 
Targ 

3 235 000

Large scale consumers 172 498 400 2897 
Individual house holds 4 243 372 600 87,8
Total   1 202 600  
 
Presently our company have almost completed  planned amount of connections to the segment of 
the large consumers  but actual average heat sales is only 41 % of the planned value. For the 
district heating company in Zakopane actual sales is 81% of planned. The best accuracy is in the 
segment of individual households, where average sales is equal to 93% of planned value. 
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Table 4.The Actual heat sales and the present heat sale projections (2003) 

 
 Number of 

customers 
Actual heat sale 

in GJ/year
Average heat 
demand   
GJ/year 

Percentage of 
planned sale 

District heating 
company in 
Zakopane 

1 completed 78 400  81%

District heating 
company in  Nowy 
Targ 

1 This part of the 
project is not 

started
130 000 

 72%

Large scale 
consumers 

133 Almost 
completed  

158 500

1192  41%

Individual house 
holds 

552 This part of the 
project is not 

completed 
45 150

81,7  93% 

Total     282 050 GJ   
 
There are 3 main reasons  for  this situation: 

• Over estimated efficiencies of the boilers, which previously were used for heat 
production . Usually, there were coal and coke fired boilers locate in the specific 
building. Average efficiency of the boilers, which was assumed by the Danish 
consultants was about 60 %. In reality it was less than 40 %. 

• The authors of the Market Survey , haven’t correctly  estimated effect of the energy 
savings actions undertaken by the heat users .In some cases reduction of the heat 
consumption was by 40 % after making new insulation of the buildings . 

• In the last five years average amount of the degree days was about 15% smaller that the 
average amount taken from last 50 years. 

 
New property tax. Very negative impact on the project economy has as well , a new property 
tax, that was introduced in Poland in the 2001. Under this law, assets used  for heat transmission 
and distribution are charged 2% yearly  of its initial booking value . In case of the Podhale 
project , this new expense  for a company is now worth 0,6 million Euro / year, what makes up 
21 % of the company income. 
In order to not increase the heat price for the costumers, caused by this new fiscal charge, our 
company has offered municipalities to convert this  tax into shares or bonds of the company.  
Introduction of mentioned tax  has retarded construction  of connections to the new customers 
which are afraid , that this new charge will cause price of geothermal heat much higher that 
presently offered. 
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