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Abstract

The heat energy recovered from the fluid produced by deep 
thermal wells is used very economically for heating buildings -  
covering the heat demand -  and supplying utility hot water. After 
cooling the in-taken fluid must be injected back into the reservoir 
water layer. The temperature of back-injection is usually equal to 
that of the return line and the water still contains quite significant 
energy amount. Before injecting-back this heat energy can be 
recovered by the heat-pump technology, and fed back into the 
basic heating system. In this way the very expensive investment 
of new production and injection wells is avoidable. Authors prove 
this on the theoretical base and with a practical case in the present 
article.

Introduction

The thermal water itself for purposes of balneology as well as the 
inherent heat energy of the thermal water is utilized at a 
considerable degree today as well. With the increase in prices of 
conventional energy carriers, its account in the heat-energy 
market gets higher and higher. The government aims an increased 
role to the utilization of geothermal energy already in the 
medium-term planning (Nemzeti Megújuló Energia Hasznosítási 
Cselekvési Terv -  National Action Plan on Utilization of 
Renewable Energy) as well [ 1 ]. By the NCST, in accordance with 
the sustainable power-resource management, an especial attention 
must be paid to the conservation of the natural treasure inhered in 
the geothermal fluid in the course of building new capacities up 
which usually requires the back-injection or the further utilization 
with the suitable purpose.

There is a considerable energy potential in increasing the role 
of geothermal energy in the heat-supply systems which is already 
a usual heating way in certain fields in Hungary (e.g. in 
horticultures) today as well. In the case of utilization of 
geothermal energy, besides the direct cost of the installation of 
well and the back-injection, the expenditure of the building of the

heat-supply and distribution system is significant due to which 
the financing conditions often mean a limit factor.

In the present paper, such a method of the heat utilization is 
discussed which increases the efficiency of the recovery of 
geothermal energy, helps the sustainability in the view-point of 
environment protection, and yields a considerable reduction in 
costs as well.

The energetic professionals, theoretically and in practice, have 
dealt with the increasing of the efficiency of thermal-water use for 
a long time. Büki G. has presented a detailed analysis on this topic 
in the issue of January 2011 of Energiagazdálkodás [2]. Authors, 
accepting and following the theoretical bases of his work, discuss 
also the practice of the utilization in the present paper.

Supply for heating demands and peak heat cosumption

Base of investigation
In the example, the (incidentally well operated) utilization of 
thermal-water heat of an actual country town1 has been taken as 
the base and the conditions of the improvement are investigated. 
(The data base used here does not cover exactly the present 
situation because the development is continuous in the town. 
Approaching the real data, authors preferably present a further 
modernization option.)

Basic data:
Producing well
-Bottom depth of thermal well: 1 462 m 
-Maximum temperature of off-take thermal water: 64 to 68 °C 
-Carbonate hardness of off-take thermal water: 303 CaO 

(30,3 °dH)
-Maximum volumetric flow rate of production: 130 m3/h 
-Volume of energetic thermal water: 280 000 m3/yr 
-Volume of thermal water for balneology: 80 000 m3/év

Back-injection well
-Bottom depth of thermal well: 1 600 m 
-Gravel-packing of thermal well: 1 309 to 1 333 m, 1 353 to 

1 365 m, 1 392 to 1402 ni
-The handling diagram of thennal water before injection back is 

shown in Fig. 1
-Temperature of back-injection: 48 °C 

In order to protect the thermal-water resource, it is allowed to 
inject only perfectly pure fluid (thermal water) back into the 
reservoir water layer. This requires a suitable storage and fdter 
system (Fig. 1).

Figure 1. Handling of thermal water before back-injection 
1 -  back-injection well, 2 -  filters, 3 -  rinsing filters with clean water, 4 -  settling of mineral component 

and other polluting materials filtered out, 5 -  pumps, 6 -  storage tank
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Table 1. Data of energy consumption in 2006-2007

Number of 
consumers in 

the town

Heating power 
demand 

kW

Utility hot water 
peak demand 

kW

Utilized geothermal 
energy 

GJ

Equivalent natural 
gas 

m3/yr
11 1580 445 14200 406000

Starting from the above basic data, the calculations were 
carried out; Table is shown with the purpose of control.

Goal: Cooling the flu id  with high temperature o f  back- 
injection; utilization o f the heat quantity gained in this way and 
improvement o f the system with this; and, instead o f  new 
improvement by well drilling, creating a system that better assists 
the sustainability

Thermal-water heating and heat pumping before 
injecting back

Heat pumping for peak power

Fig. 2A shows the heating purpose utilization in the town taken 
as an example in the basic case. Eventually, by a simplex heat

exchange (Fig. 3), the off-taken heat is used for purpose of 
heating and utility hot water.

If one would like to utilize the remnant heat content before the 
back-injection, the heat pumping technology should be applied 
(Fig. 2B). According to the capacity of the operating well, the 
mass flow rate of the output thermal water is m = 27.7 kg/s ( 1000 
m3/h) and its temperature is T t k i  = 68 °C (Fig. 4). In peak periods, 
the temperatures of heating water are T fe/ T v f  = 58/38°C; for the 
sake of simplicity, its mass flow rate is taken equal with the 
former value.

In the basic case, the output thermal water is cooled down to 
Tvso = 48 °C (m = thermal water, i h f V = mass flow rate of heating 
water).

P a r t  A

Figure 2. The original (A) and the „improved” version (B) (fulfilling the increased demands)

In case “A”, the heating peak power is provided by this thermal 
water: Qacs =Q f = -  Tyso) = 27,7 • 4,2(68 -  48) = 2333 kW

Figure 3. Plate heat exchangers before the heating circuit
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Figure 4. Temperature of thermal water

In the system with heat pump (B), the effluent thermal water of 
48 °C temperature from the direct utilization is cooled down to 
about Tvsi = 13 °C temperature and the heating water can be 
heated up from the return temperature of 38 °C to the outgoing 
temperature of 55-58 °C. (The heating-water temperatures are 
equal to those of the heating water produced directly by thermal 
water.) With these temperatures, the coefficient of performance 
(COP) of the heat pump is relatively well estimable:

e. f  =(COP =)
T  - T1 FE 1 KS1

331
331-286

0,6 = 4,4

V = 0.6 is the loss factor
With this, the heating power of the heat pump is -

Qhsz- ^ V vso T'vsi ) . —E / - l

= 2 7 ,7 -4 ,2 (4 8 - 1 3 ) - ^ — = 5270 kW  
4 ,4 -1

demands during the year. (For the better perspicuity, the utility- 
hot-water supply is neglected.)

Part A

Consequently, this value is 2.25 times greater than the achieved 
heat power in the basic case (A; direct heat utilization). The two 
cases together perform -

Q e g y  = Q f +  Q h s  = 2333 + 5270 = 7603 kw

The heat-power value with the peak heat power increased to 
2.4-fold of that of the basic case.

In sum, the heat pumping results in a significant increase in 
heat content and better utilization of the thermal water as well as 
a lower temperature of the fluid to be injected back. The 
coefficient of performance can be considered as an advantageous 
value.

10000

Heat pumping of thermal water at partial load

The value of the coefficient of performance is greater during the 
year than that in the peak heat-power season. Fig. 5A 
demonstrates the required degree of heat pumping as a function 
of external temperature while Fig. 5B -  as a function of user

Figure 5. Temperature values of the thermal water and the 
heating (A), and the heat performances (B) as functions of the 

environment temperature 
(with the original and the heat-pump solution)
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Line Q indicates the heating power in the basic case and line 
Qear = 4AQf ~ in the case o f heat pumping. The heat power 

performed by thermal water with mass flow m is —

Q kom — m  c (TTki ~  Ту so )

The running of the heat pump ceases when the thermal water 
alone is capable of covering the actual heat demand loading the 
net:
and expressing it with temperatures -

Q kom =  Q egy th a t  is

m c(Tn i  -  Tvso) = 3,4m c(TFE -  TFV)
The searched value is at about 4 °C environment temperature.

T - TГГ _  1 TK\ 1 VSO

The heat demands covered by thermal water is indicated by the 
range Q t k  in the basic case, and the range + Q k  in the case of heat 
pumping while the part Q h s z  shows the heat demand covered by 
heat pumps. According to Fig. 6, the demand for heat production 
by heat pump ( Q h s z )  will be of shorter period while the direct heat 
use of thermal water increases in the extended heat demand in a 
year. (This means also that, instead of heat pumps due to the 
lower use efficiency, natural-gas boilers could be applied for the 
peak load as well; this would result in a bivalent system.)

With the same equipment, the value of coefficient of 
performance increases with the decrease in heat production. Fig. 
7 shows the temperature ( T f e )  of hot water produced by heat 
pump and the consequently expected changing in the coefficient 
of performance.

kW
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8000

0 1000 2000 3000 4000 h/év 5000

Figure 6. The load-duration diagram of the heating year with and without heat pumping

8 , = COP = -— т-мп-
T - T1 EGY 1 1S1

not a performance ratio but really the gained-to-input energy ratio 
in kWh/kWh) considerably betters the peak-season coefficient of 
performance.

It appears from the figure that the annual average coefficient of 
performance (seasonal performance factor = SPF - already

8 Г =ЯШ_ > e , = Qh
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Figure 7. Changing in coefficient of performance of the peak-load heat pump
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Energetic characterization of heat pumping

For the correct evaluation, the efficiency of the consumed electric 
energy has to be compared with that of the modem gas heating.

The electric energy input of the heat pump is £V and the energy 
content of the used natural gas is E g .

The efficiency of the input electric energy is tjE = Ev/Eg.
The efficiency of the natural-gas is цк.
The annual average performance coefficient must exceed the 

ratio of the two efficiencies (Büki, 2010) [7]:

ё г > ^
Лг

For the account of the consumed electric energy [7], the 
recovered geothermal heat can be considered as renewable energy 
if the average performance coefficient is -

-  U5
E /  > -----

Ле

This means that the heat production with heat pump has to be 
compared only with the condensation boiler of the best efficiency.

The efficiency of the heat production by heat pumping 
obviously increases with increase of the performance coefficient

of the heat pump and electric-energy generation [7]. In the case 
of the further cooling of the thermal water, approximately an 
average coefficient of performance (COP) of 4 to 4.7 is gained 
which is 60 to 80 % of the achievable value (see Fig. 7).

Economical advantages

What does it mean in an actual case for the user in operating costs 
or in initiating a new improvement (according to the concrete 
example of the chosen settlement)?

In the heating season, the heat performance as an average is 
3200 kW (Fig. 6) or 11 520 MJ/h. With the natural gas of a 
heating value of 34 MJ/m3, this means a gas consumption of 
434 m’/h (with 100 % boiler efficiency). With the price of 
136 Ft/m3 of natural gas and in the case of 4500 h/year use, the 
heating cost is 207.2 million Ft per year.

With heat-pump heating, the electric-energy consumption is 
3200/4,4COP = 727 kWh. If the energy price is 31.50 Ft/kWh, 
the energy cost per year is 103 million Ft in the season of 
4500 h/yr.

The difference of the two values is the saveable sum by heat 
pumping -  104.2 MFt/yr. The investment cost of the heat-pump 
system itself (with e.g. 5270 kW, about 520 million Ft as a total) 
recovers in 5.8-6.5 years in comparison with the gas heating

>iibafy?o szekrény

Figure 8. Construction of a modem heat-pump unit
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A. further investment advantage is that the planting of 2 new 
well units fit to the maximum performance (i.e. 4 well-drillings 
together with the back-injection) gets needless; the invested cost 
would be 2 to 2.5-fold of the installation of heat pumps.

According to NCST, a discount electric-energy tariff is applied 
in the case of utilization of geothermal energy by heat pump that 
improves its economical advantage. At the same time an extra 
regulation can be expected that “The estimated annual SPF value 
must be minimum 4.2 with the heat pumps built on the base of 
ground heat probes, ground collectors and ground water wile 4.0 
with other heat pumps -  certified by the adequacy declarations 
of the manufacturer and the project manager”. It must be taken the 
total amount of the electric energy consumed during the heating 
season into consideration for calculating the values of SPF -  the 
electric energy used for cooling must not be taken into account.

References

1. MAGYARORSZÁG MEGÚJULÓ ENERGIA HASZNOSÍÁ- 
SI CSELEKVÉSI TERVE. Nemzeti Fejlesztési Minisztérium |

www.konnany.hu. Zöldgazdaság-fejlesztésért és Klímapolitikáért 
Felelős Helyettes Államtitkárság ISBN 978-963-89328-0-8
2. Büki G.: 2011 A termálvizes hőellátás hőszivattyús fokozása 
Energia Gazdálkodás 52. évf. 1 .sz. 9-11 p.
3. Büki G.: 2010 Megújuló energiák hasznosítása Magyar 
Tudományos Akadémia Köztestületi Stratégiai Programok, 
Budapest, 52-79 p. ISBN 978-963-508-599-6
4. Bobok E.-Tóth A.: A geotermikus energia helyzete és 
perspektívái. Magyar Tudomány, 2010. augusztus.
5. Ádám B.:2010 Európa hetedik legnagyobb foldhőszondás 
hőszivattyús rendszere. HGD Kft.
6. Csontos L.: 2007. Geotermikus energiahasznosító rendszer 
Veresegyházon Kezelési utasítás (kézirat)
7. http://www.geowatt.hu/index.php/publikacio/sajto/59-geoter- 
mikus-energia-hasznositas-ujgeneracios-hszivattyukkal.html
8. http://www.hgd.hu/index.php?m=5&t=Hoszivattyu-szakcik- 
kekhttp

71


