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 For instance, different evaporators, de-
pending on the temperature of the heating 
fluid on disposal, can be connected as  
 
 

 

Fig.7.77. Evaporators connected to the 
geothermal distribution network (Ungemach, 
2005)     
      

  
shown at Fig.7.77 and Fig.7.79. Full use of 
the temperature difference on disposal is 
enabled in that way. 

 

Fig.7.78. Evaporators connected to the grid 
rejected fluids (i.e. downstream users) 
(Ungemach, 2005) 

 

Fig. 7.79. Example of heat pump contribution to geothermal district heating energy balance 
 

 
Fig.7.80. Flow dispatching (Ungemach, 2005) 

 

 Due to the fact that quite low tempe-
ratures of geothermal fluid are on disposal, 
also geothermal heat pumps are introduced 
in the district heating scheme composition. 

Their operating mode (Fig.7.79) is as fol-
lows:  
1.  -7 to 1°C  
-  No geothermal heat supply to radiators  
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-  Geothermal heat is dispatched to floor 
 slabs and to the cascading heat pump 
 assembly (A)  
2.  from -1 °C  
-  Geothermal heat is directed towards 
 radiators which serve, via a rejection 
 cascading sequence, the floor slabs 
 and, ultimately, the heat pump outfit (A) 
3.  from 7 °C 
-  Boiler back up supplies are shut down 
4.  from 12 °C 
-  Heat pumps are shut down and the 
 whole grid is supplied straightforwardly 
 by geothermal heat 
 Several types of heating fluid supply 
can be used (Fig.7.80), i.e.: 
- Flow dispatching – This configuration 
may address a group of users sharing the 
same behaviour, which is unlikely.  
-  Serial mode – The outlet temperature 
of the first user must be compatible with the 
inlet temperature of the next user.  
- Three pipe grid – User B utilizes in 
priority the fluid depleted by user A. 
  
7.6.  REFRIGERATION 

 Absorption space cooling with geother-
mal energy has not been popular (and still it 
is not) because of the high temperature 
requirements and low efficiency. However, 
geothermal heat pumps (groundwater and 
ground coupled) have become popular in 
Europe and U.S.A. (Fig. 7.81), used for both 
heating and cooling (see the Chapter for 
GHP). 

 
Fig.7.81. Cooling with heat pump 

 Cooling can be accomplished from 
geothermal energy using lithium bromide 
and ammonia absorption refrigeration sys-
tems (Rafferty, 1983). The lithium bromide 
system is the most common because if uses 
water as the refrigerant. However, it is 
limited to cooling above the freezing point of  
 

 

water. The major application of lithium bro-
mide units is for the supply of chilled water 
for space and process cooling. They may be 
either one- or two-stage units. The two-sta-
ge units require higher temperatures (about 
160ºC); but, they also have high efficiency. 
The single-stage units can be driven with 
hot water at temperatures as low as 77ºC. 
The lower the temperature of the geo-
thermal water, the higher is the flow rate re-
quired and the lower is the efficiency. Ge-
nerally, a condensing (cooling) tower is re-
quired, which will add to the cost and space 
requirements. 
 For geothermally-driven refrigeration 
below the freezing point of water, the am-
monia absorption system must be consi-
dered. 

 
Fig.7.82. Principle of geothermal absorption 

cooling (Rafferty, 1983) 
  

 
Fig.7.83. Refrigeration as a part of geo-
thermal district heating system (cascade 

use of heat) (Rybach, 1995) 
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 However, these systems are normally 
applied in very large capacities and have 
seen limited use. For the lower temperature 
refrigeration, the driving temperature must 
be at or above about 120ºC for a rea-
sonable performance. Fig.7.82 illustrates 
how the geothermal absorption process 
works and Fig.7.83, how a refrigeration 
plant can be incorporated in a district heat-
ing system (needing the highest possible 
temperature of the geothermal fluid). 

 
7.7.  EQUIPMENT AND MATERIALS 

 Up to now, there is no special equip-
ment on disposal, particularly constructed 
and produced for use in geothermal direct 
use projects. Standard one is used in most 
of the projects, provided allowances are 
made for the nature of geothermal water 
and steam.  
 Temperature is an important conside-
ration, so is the water quality. Corrosion and 
scaling caused by the sometimes unique 
chemistry of geothermal fluids, may lead to 
operating problems with equipment compo-
nents exposed to flowing water and steam. 
However in many instances, fluid problems 
can be designed out of the system. One 
such example concerns dissolved oxygen, 
which is absent in most geothermal waters, 
except perhaps the lowest temperature 
ones. Taking into account that its presence 
results with corrosion when metallic pipes 
and equipment is used, care should be 
taken to prevent atmospheric oxygen from 
entering heating waters; for example, by 
proper design of storage tanks and appli-
cation of proper valves and other joint ma-
terials. Very good technical solution is the 
isolation of geothermal water by installing a 
heat exchanger which is solving this and 
similar water quality derived problems. In 
such a case, a clean secondary fluid is then 
circulated through the used side of the 
system (indirect connection, i.e. closed loop 
system!). 
 The primary components of most low 
temperature direct use systems are down-
hole and circulation pumps, transmission 
and distribution pipelines, peaking or back-
up plants, and various forms of heat extrac-
tion equipment. Fluid disposal is either sur-
face or subsurface (injection). For most of 
them information for equipment is given in 
parallel with the description of their function 
or work. However, for more precise data 
and information pay a look to the chapter for 
geochemistry, scaling and corrosion prob-
lems and materials used in geothermal pro-
jects in general. 

 
7.8. ECONOMIC CONSIDERATIONS 

 Low-temperature direct use geothermal 
projects require a relatively large initial capi-
tal investment, with small annual operating 
costs thereafter. 
 For instance, a district heating project, 
including production wells, pipelines, heat 
exchangers and injection wells, may cost 
several millions euro. By contrast, the initial 
investment in a fossil fuel system includes 
only the cost of a central boiler and dis-
tribution lines. 
 

 

Fig.7.84. Price of used heat of different 
energy sources versus annual heat  

loading factor (Popovski, 1996) 
 

 The annual operation and maintenance 
costs for the two systems are similar, except 
that the fossil fuel system may continue to 
pay for fuel at an every-increasing rate, 
while the cost of the geothermal fuel is sta-
ble. The two systems, one with a high initial 
capital cost and the other with high annual 
costs, must be compared. 
 Geothermal resources fill many needs: 
power generation, residential heating, 
greenhouse heating, industrial processing, 
and bathing - to list a few of them. It is not 
possible to make a general statement that 
geothermal energy is or not more eco-
nomical than the fossil fuels or other re-
newable energies use. Considered individu-
ally, some of the uses may and some may 
not promise an attractive return on invest-
ment because of the high initial capital cost.  
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However, if reaching enough high annual 
heat loading factor, the influence of high 
investment costs is decreased (Fig.7.84) 
and geothermal energy becomes a compe-
titive and, in some cases, very attractive 
solution for direct uses. That can be reach-
ed either by combination of heat users with 
different daily or annual changes of heat 
consumption or by using the geothermal 
fluid several times before let it back to the 
reservoir or to the environment in order to 
maximize benefits of consisted heat in it. 
This multistage utilization, where lower and 
lower water temperatures are used in suc-
cessive steps, is called cascading or waste 
heat utilization. 
 Geothermal cascading has been pro-
posed and successfully attempted on a li-
mited scale throughout the world. It is one of 
the most challenging problems of geother-
mal energy development now-a-days. 
 More detailed discussion about the 
economy of geothermal projects in general 
is made in the chapter on Economy of 
geothermal application. 
 
7.9.  FUTURE DEVELOPMENTS 

 There appears to be a large potential 
for the development of low-to-moderate en-
thalpy geothermal direct use across the 
world. However, it is not currently being ex-
ploited due to financial constraints and the 
low price of competing energy sources. Ac-
cording to the reached experience and in-
vestigations made, it is possible to state that 
if given the right environment, and as gas 
and oil supplies dwindles, the use of geo-
thermal energy will provide a competitive, 
viable and economic alternative source of 
renewable energy. 
 Future development will most likely 
occur under the following conditions (Lund, 
2002): 
1.  Collocated resource and uses (within 
 10 km apart), 
2.  Sites with high heat and cooling load 
 density(> 36 MWt/sq. km). 
3.  Food and grain dehydration (especially 
 in tropical countries where spoilage is 
 common), 
4.  Greenhouses in colder climates, 
5.  Aquaculture to optimize growth-even in 
 warm climates, and 
6.  Ground-coupled and groundwater heat 
 pump installation (both for  heating and 
 cooling). 
 Recent and present increase of the 
liquid fossil fuels and gas prizes looks as a 
possibility for opening a new intensive deve- 
 

 

lopment process, like was the one in 70-ies 
of last century. 
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