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ABSTRACT 

Thermal baths in Slovakia are producers of wastewater, which hides 
considerable energy potential. The wastewater from the thermal pools has often 
exceeds the maximum permissible value of the temperature of the wastewater 
discharged into the water recipient. As a result, there is undesirable damage to the 
environment, which results in sanctions for the operators of these facilities. Our aim 
is to present the concept of a single- and double-step heat recuperation system of 
waste pool water using applications of various types of heat exchangers or heat 
pumps. The aim of this application is to ensure a suitable temperature to the 
discharged waste pool water, efficient use of the energy potential of the waste water 
and saving of primary energy in the form of geothermal water, thus extending the 
life of the entire system. 
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INTRODUCTION 

Slovakia´s energy intensity is one of the highest in the Member States of the 
European Union. High energy prices also force recreational facility operators to 
look for suitable and environmentally friendly ways to save operating costs. The 
most appropriate way is to prioritize renewable energy sources. Combinations of 
renewable energy sources with other technical equipment belong to the highly 
efficient and operationally reliable way of saving energy, environment and 
operating costs. The advantage is their ability to respond to individual requirements 
in the environment in which they are located [3]. Pursuant to Article 9 of the 
Regulation of the European Parliament and the Council of the EU 2018/1999 on the 
Management of the Energy Union and Climate Action of 11 December 2018, the 
Ministry of Economy of the Slovak Republic prepared the Integrated National 
Energy and Climate Plan for 2021-2030 [1], [2]. This plan updates the current 
energy policy. Energy policy priorities include, but are not limited to developing 
energy infrastructure, reducing energy intensity, and promoting the use of 
renewable energy sources [1]. There are 32 perspective areas in Slovakia with 
geothermal potential of 215 MW of heat output, provided that the geothermal water 
is not returned to the geological subsoil. In these areas we can find up to 176 
registered geothermal wells, with geothermal water temperature ranging from 30 
°C to 130 °C [4, 5]. Geothermal energy in Slovakia is used up to 60 % in recreational 
facilities. It has also been used in centralized heat supply systems, heat transfer 
stations, but also in agriculture for heating greenhouses and foilhouses [6]. Fields 
of geothermal energy utilization and installed heat output is summarized in Table 
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1. Until 1990, there was not much interest in heat pumps in Slovakia due to low 
energy prices. However, the situation has changed and they are being applied more 
and more. The task of these devices is to transform or pump the low-temperature 
energy of the environment to a higher temperature level by supplying additional 
energy of higher quality, which is represented by electrical, mechanical or high-
temperature thermal energy [7], [8]. The dimensioning of the heat pump depends 
on economic investments, but also on the condition of the surrounding environment 
in which it will operate [3]. 

Table 1. Fields of geothermal energy utilization [6]. 
  

Field Installed heat output (MW) 

Recreational facilities 128,3 

Systems of centralized heat supply 35,9 

Greenhouse and foilhouse heating 34,8 

Heat pumps 10,4 

Fish farming 5,6 

Sum 215,0 

SWIMMING POOL TYPES 

In Slovakia two basic pool systems are used in thermal baths:  

 flow pool system, 
 circulation pool system. 

Flow pool systems operate on the principle of direct inflow of geothermal water 
into pools. This system can be used if the geothermal water has a temperature below 
50 °C and has a suitable mineralisation. If geothermal well provides a geothermal 
water with higher temperature than 50 °C, this water cannot be discharged directly 
into the pool and must be diluted with cold water in the mixing chamber. From this 
system waste pool water is discharged into recipient without further usage. The 
disadvantage of flow systems is their high energy consumption and the fact that 
they require a large yield of the source of geothermal and cold water. Flow based 
pool system filled with only geothermal water can be seen on Figure 1 on the left 
side. Flow based pool system filled with mixed geothermal and cold water can be 
seen on Figure 1 on the right side [6]. 

 
Fig. 1. Scheme of the flow pool system filled with only geothermal water (left) and 

scheme of the flow pool system filled with mixed geothermal and cold water 
(right) [Author] 
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More technically demanding, but still more used are the circulation systems of 
swimming pools, which include a buffer tank. Geothermal water is mixed with cold 
water in a buffer tank to reach the required pool water temperature. The mixed water 
is drained from a buffer tank into a sand filter from where it flows directly into the 
pool. Pool water flows again into the buffer tank. Only after overfill the buffer tank 
does the waste pool water flow out of the system, which is discharged into the 
recipient. Circulation pool system can be seen on Figure 2 [6]. 

Fig. 2. Scheme of circulation pool system filled with mixed geothermal and cold 
water [Author]. 

CURRENT SITUATION IN RECREATIONAL FACILITIES IN 
SLOVAKIA 

Recreational facilities use thermal water to fill their pools. In many cases, the 
degree of utilization of geothermal energy in thermal baths is less than 50%. 
Another problem in many recreational facilities is that they discharge waste pool 
water at too high a temperature. The maximum temperature of the waste pool water 
26 °C, which can be discharged into the water recipient, is prescribed by Law no. 
364/2004 on water and on the amendment of the Law of the Slovak National 
Council no. 372/1990 Coll. on offenses as amended (Water Law) and Regulation of 
the Government of the Slovak Republic laying down a requirement for achieving 
good water status no. 269/2010. Exceeding the prescribed temperature may result 
in a sanction for environmental pollution up to a maximum of 160 
Therefore, it would be appropriate to propose energy-saving measures in 
recreational facilities, thanks to which we could achieve important aspect. These 
aspect are reducing the temperature of the waste pool water to the prescribed 
temperature, increasing the degree of utilization of geothermal energy, extending 
the lifetime of the geothermal energy system and reducing or eliminating sanctions 
for environmental pollution [6]. 

UTILIZATION OF WASTE POOL WATER ENERGY 

The proposal of energy-saving measures consists in the reuse of waste energy 
potential, which has waste pool water leaving the swimming pools. Thanks to these 
measures, it would be possible to achieve cooling of the waste pool water. In the 
article, we want to show up the possibility of one-step and two-step energy-saving 
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measures by including heat recovery exchanger in the first step and by including a 
heat pump as a second step of waste pool water cooling.

This proposal consists in the inclusion of a recuperative heat exchanger in the 
circuit of waste pool water. The task of the heat exchanger will be to preheat the 
cold water using heat from the waste pool water. Waste pool water with higher 
temperature transfers its heat to cold water. The preheated cold water is transported 
to a mixing chamber, where it is mixed with geothermal water. Since we have 
heated the cold water due to the waste heat, a lower flow of geothermal water and 
a higher flow of cold water in the mixing chamber will be needed to reach the same 
desired pool water temperature. In addition, the rate of geothermal energy use will 
increase and the lifetime of the geothermal well will be extended [8]. A one-step 
energy-saving measure can be seen in Figure 3. 

 

Fig. 3. Scheme of one-step energy-saving measure by including heat exchanger 
into the waste pool water circuit [Author]. 

The second stage of cooling waste pool water is the inclusion of a heat pump 
after the first cooling circuit. After cooling waste pool water in the heat exchanger, 
it is led to the evaporator of the heat pump, where it is cooled to such a value to 
meet the requirements for the protection of environment. Heat pumps can cool the 
waste pool water to lower values, it is only necessary to select a suitable heat pump 
[8]. Two-step energy-saving measure can be seen on Figure 4. 

 
Fig. 4. Scheme of two-step energy-saving measure by including heat exchanger 

and heat pump into the waste pool water circuit [Author]. 

MATHERIALS AND METHODS 
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Before heat recovery system will be propose, we need to know energy balance 
of the pools in recreational facility. It is necessary to made energy balance 
calculation of solved pools which produce waste pool water. In this calculation we 
need to know key input values: 

 water area or floor area of the pool, 
 volume of the pool, 
 water depth, 
 geothermal water temperature, 
 cold water temperature, 
 required pool water temperature, 
 days during which the pool will be in operation (annual, summer or 

winter operation), 
 days for maintenance and cleaning of the pool [6]. 

Using the energy balance calculation, we find important output values  energy 
potential provided by a source of geothermal water, usefully used geothermal water 
energy, waste pool water energy and rate of geothermal water energy usage. In 
many cases, the degree of utilization of geothermal energy in thermal baths is less 
than 50%. The remaining 50% of energy is considered as waste. This is why we 
need to energy-saving proposal by including heat recovery exchanger into the 
circuit of waste pool water. 

We need to know required waste pool water temperature to secure right 
recovery exchanger proposal. The more water cooling we required, the more 
exchanger power is needed. In this step we can use calorimetric equation:  

    (1) 

Explanation:   Heat exchanger power (kW), 
    Water flow (l/s), 
  c  K-1), 
   Temperature change (°C), 
   water density (kg.m-3) [10]. 

CONCLUSION 

In this paper, we want to show the possibility of one-step and double-step heat 
recovery from waste pool water, thanks to which important aspects could be 
achieved: 

Reduce the temperature of the waste pool water to a maximum temperature of 
26 °C by means of the one-step heat recovery system by including heat exchanger 
into the circuit of waste pool water. The cold water can be preheated from 15 °C to 
27 °C to reduce the geothermal water demand. This system is suitable for those 
geothermal water sources where the yield of geothermal water is high. 

Reduce the temperature of the waste pool water to a temperature of 15 °C by 
application of one- and double-step heat recovery system by including heat 
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exchanger and heat pump into the circuit of waste pool water. The cold water can 
be preheated from 15 °C to 32 °C to reduce the geothermal water demand. This 
system is suitable for those geothermal water sources where the yield of  geothermal 
water is low. In the winter months when pools operation are limited, the outputs 
from the heat pump (condenser side) can be used for active thermal protection 
systems of recreational facility buildings, possibly deicing of roads or sidewalks. 

Increase the energy use of geothermal water and thus ensure the extension of 
the lifetime of an open geothermal system. 

Reduce or eliminate the sanctions for environmental pollution that must be paid 
by operators of recreational facilities. 

To contribute to the fulfilment of the commitments made by Slovakia in 
connection with Directive 31/2010 on Energy Efficiency, which enshrines an 
increase in the share of the use of renewable energy sources and a reduction in the 
production of greenhouse gases. 
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