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Geothermal energy is a renewable energy that doesn´t get a lot of attention. But the possibilities to 

use the heat from the ground are there. Not just in seismic active areas, everywhere in the world 

there is a nearly unlimited supply of heat available. The need for technologies is different and 

depends on the demand: energy amount, form of energy (heat, electricity), temperature level…  

Big geothermal installations face problems regarding investment costs, site finding and acceptance 

in the society. To make as much energy as possible a combined heat and power plant is the best 

solution. On the other side geothermal energy near the surface is developed, relatively easy to 

install and can make a difference to reduce the energy consumption for households. For 

installations a driving energy and a modern heat system is required which makes it less rentable 

for existing buildings, but the expenditure for new buildings is small.  

In my opinion geothermal energy can play a big part for the energy transition in the heat sector 

and the connection between the heat and the electricity sector (heat pump). Deep geothermal needs 

to be developed more to lower the existing risks and costs and to be competitive with other 

renewable energies.  



  
3 

Table of Content 
 

List of Figures ................................................................................................................................................ 4 

List of Tables ................................................................................................................................................. 5 

1 Introduction ............................................................................................................................................. 6 

2 Where does the heat come from? ........................................................................................................... 7 

2.1 Deep geothermal energy ................................................................................................................. 7 

2.1.1 Hydrothermal Doublet ............................................................................................................. 7 

2.1.2 Enhanced geothermal system .................................................................................................. 9 

2.1.3 Deep borehole heat exchanger .............................................................................................. 11 

2.2 Geothermal energy near the surface ............................................................................................. 11 

2.2.1 Ground heat collector ............................................................................................................ 12 

2.2.2 Borehole heat exchanger ....................................................................................................... 13 

2.2.3 Ground water well .................................................................................................................. 14 

3 What to do with the heat?..................................................................................................................... 15 

3.1 Use for power supply ..................................................................................................................... 15 

3.1.1 Dry steam ............................................................................................................................... 16 

3.1.2 Flash steam ............................................................................................................................. 16 

3.1.3 Binary cycle (Organic rankine cycle and Kalina cycle) ............................................................ 16 

3.2 Use for heat supply ........................................................................................................................ 17 

3.2.1 Direct Use ............................................................................................................................... 17 

3.2.2 Heat pump .............................................................................................................................. 17 

3.3 Combined Heat and Power (CHP) .................................................................................................. 20 

4 Economic Aspects .................................................................................................................................. 21 

4.1 Deep Geothermal (Commercial) .................................................................................................... 21 

4.2 Geothermal energy near the surface ............................................................................................. 21 

5 Disadvantages ........................................................................................................................................ 23 

6 Conclusions ............................................................................................................................................ 25 

Appendix 1: logp-h-diagram of R134a ........................................................................................................ 26 

 



 
4 

  

List of Figures 
Figure 1: A geothermal doublet. The water carrying layer (yellow), the production borehole (red), and 

the injection borehole (blue). ....................................................................................................................... 8 

Figure 2: EGS for electricity production ...................................................................................................... 10 

Figure 3: Geothermal heat near the surface: Ground heat collector (B, 2.2.1), Borehole heat exchanger 

(A,2.2.2), ground water well (C,2.2.3) ......................................................................................................... 12 

Figure 4: Possibilities of the usage of geothermal energy .......................................................................... 14 

Figure 5: Clausius Rankine cycle, schematic process and T-s-diagram ....................................................... 15 

Figure 6: The three designs for geothermal power plants ......................................................................... 16 

Figure 7: Different types of heat pumps ..................................................................................................... 18 

Figure 8: logp-h-diagram of a heat pump ................................................................................................... 19 

Figure 10: Possibilities of combined heat and power ................................................................................. 20 

  

 

  

file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804069
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804069
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804070
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804071
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804071
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804072
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804074
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804075
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804076
file:///C:/Users/ValentinH/Documents/OTH/Folkecenter/Geothermal%20energy/Geothermal%20energy%20Report%20.docx%23_Toc5804077


 
5 

List of Tables 

 

Table 1: Costs for different heat pump systems ......................................................................................... 21 

 

 

 

  



 
6 

1 Introduction 
Geothermal energy is the heat the energy that comes from the earth. The temperature in the centre is 

about 5500 °C. It is a nearly endless resource of energy due to radioactive materials inside the earth and 

radiation of the sun from the outside. In fact, in the crust (av. 5 km) a lot of the heat comes from the 

sun. Still, the energy flowing to the outside plays a big part. Because of the different temperatures in the 

inside of the earth and the outside the heat flows to the outside, to the surface (geothermal gradient). 

That means also, that the temperature gets higher the closer you get to the centre. To be precise, the 

temperature rise is in average about 3 °C every 100 m (in the earth crust)1. In this Report I will discuss 

how this geothermal energy can be used by humans, either for heat, for electricity production or for 

both. In some areas with specific conditions you don’t need a great depth to get high temperatures. But 

this should not be the focus in this report. I don’t want to focus on conditions like in Iceland where 

steam of 250°C in the first 1000m of depth can be easily found 2, the focus should be on the rest of the 

world. In the rest of the world the geothermal potential is not everywhere the same, in regions with 

seismic activities, volcanos etc. it is in general easier to access the energy. Studies are guessing the 

potential (technical potential) of geothermal electric power about 210 GW, but they say it could also be 

5 to 10 times higher. That means geothermal electricity could supply 8,3% of the world’s electricity 

demand.3 In 2008 the installed electrical capacity was 10,7 GWel. Probably of greater importance is the 

geothermal energy for the heat supply where the numbers are even higher. Currently (2009) installed 

heat capacity is 50 GWth, increasing quickly.4 So the industry is growing rapidly in both sectors. That is 

also due to the new technologies such as heat pumps for household use and enhanced geothermal 

systems (EGS) for industrial use. In the world of energy where everything is heading to renewable 

sources the first questions should be, why geothermal energy is rated as one of them. In our thinking 

the energy of the sun is endless and as said in the beginning, the energy in the centre of the world can 

also be considered as endless. It is not renewing itself, but as the capacity is infinite, there is no second 

opinion other than rating geothermal energy as renewable energy source. To harvest this energy the 

impact on the environment, should of course be as small as possible with a low material need, low 

energy usage and low costs of the installation. 

  

                                                           
1
 Geothermie, Ingried Strobel and Kurt Bucher, Springer Verlag (2014) (Book in german language), p. 8 

2
 https://nea.is/geothermal/the-resource/, 29.03.2019 

3
 https://www.worldenergy.org/wp-content/uploads/2013/09/WER_2013_9_Geothermal.pdf, 29.03.2019 

4
 https://www.worldenergy.org/wp-content/uploads/2013/09/WER_2013_9_Geothermal.pdf, 01.04.2019 

https://nea.is/geothermal/the-resource/
https://www.worldenergy.org/wp-content/uploads/2013/09/WER_2013_9_Geothermal.pdf
https://www.worldenergy.org/wp-content/uploads/2013/09/WER_2013_9_Geothermal.pdf
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2 Where does the heat come from?  
Yes, the heat comes from the ground, that is clear. But it is not that simple, because there are many 

different depths, level of temperatures, different geological situations… In this chapter the focus is on 

the source of the heat. What we can do with this heat after we got it from the ground can be seen in 

chapter 3. To bring a structure to it, the geothermal heat is often separated into two groups: the deep 

geothermal energy and the geothermal energy near the surface. The border between these two are 400 

meters of depths with around 20°C5. The border is not official and can vary in different references, but 

normally deep geothermal energy is way deeper and geothermal energy near the surface is far from 

reaching 400m. The reason for making this separation is because the used technologies vary in many 

aspects.  

 

2.1 Deep geothermal energy  

The deep geothermal energy is characterized by big power plants which generates heat but also 

electricity. The temperature that these systems are working with are going from 80°C – 400°C. To 

produce electricity a temperature of 120°C is required (chapter 3). 

2.1.1 Hydrothermal Doublet 

The most common way of using the deep geothermal energy is by using a so-called hydrothermal 

doublet. Even from the name it is clear, that water is involved. From essential importance is to choose 

the right geographical spot. For this technology an aquifer (water carrying layer) is necessary. The 

temperature and the depth can vary a lot, for example in Unterhaching (Germany), the water 

temperature is 133°C in a depth of 3580 meters6. The idea of the technology is to take the hot water 

from on borehole (production), use the heat that is stored in the water and the put the water back in 

another borehole (injection). This technology is an open loop, which means the water used is in contact 

and in exchange with the surrounding. Therefore, it is not sustainable to add chemicals or any other 

detrimental substances to the water.  

                                                           
5
 Geothermie, Strobel and Bucher, p. 38 

6
 https://www.geothermie-unterhaching.de/cms/geothermie/web.nsf/id/pa_daten_fakten.html, 18.03.19 

https://www.geothermie-unterhaching.de/cms/geothermie/web.nsf/id/pa_daten_fakten.html
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The water comes mainly with a higher percentage of minerals, a higher temperature, higher pressure 

and with more gases. In the beginning of the geothermal technology many problems occurred due to 

corrosion and scaling (deposition of materials on the pipes). Today this problem is solved mainly by the 

material of the pipes and inhibition, where small amounts of substances get injected in the production 

hole.7 The most common material used for the pipes is reinforced fiberglass plastic (RFP), “due to their 

high corrosion resistance, easy of installation and short time for assembly, longer service life and 

low operating costs”8.  

A submersible pump is necessary to bring up the water and is localized in the production hole. It is run 

by an electric motor which is either placed right where the pump is, or the motion is transferred in a 

shaft (line shaft pump, LSP). The advantages of the LSP is, that it can be easier repaired as the motor is 

                                                           
7
 https://www.geothermie.de/bibliothek/lexikon-der-geothermie/i/inhibitor.html, 19.03.2019  

8
 Corrosion and Material Selection for Geothermal Systems, Tevfik KAYA*, Pelin HOŞHAN, Proceeding World 

geothermal congress 2005, https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2005/2039.pdf, p. 4 

Figure 1: A geothermal doublet. The water carrying layer 
(yellow), the production borehole (red), and the injection 

borehole (blue). 

Picture removed due to copyright 

https://www.geothermie.de/bibliothek/lexikon-der-geothermie/i/inhibitor.html
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2005/2039.pdf
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accessible, whereas in a failure of a full submersible pump, the whole pump system needs to be 

removed. On the other side a LSP can just be used to a depth of up to 300 meters.9 

The costs for the well are of course also an aspect to put an eye on. “Drilling costs comprise some 35–40 

percent of the total capital costs of a geothermal project – most of which will be incurred in determining 

the size, location, and power capacity of the geothermal resource. This investment will, of course, be 

lost if no resource is found.”10 As mentioned before, the problem with the hydrothermal doublet is, that 

you need the aquifer. It is hard to be sure that you have a suitable location, until you drill.  

 

2.1.2 Enhanced geothermal system 

The enhanced geothermal system (EGS) is a new technology that doesn’t need an aquifer to use the 

heat. This means it is independent this special geographical site, so can basically be used all in way more 

places all over the world. This is an enormous potential and there are opinions that say that this 

technology is the future of the geothermal energy.11 Water is pumped into the ground by pressure, to 

“create a network of small, interconnected fractures in the rock that act as a radiator”12. These fractures 

(around 1-2 mm) built a reservoir and in the end a path that connects the two boreholes. With the small 

fractures the surface for the heat exchange is getting so big, that the water temperature is rising 

enough. 

The main use of EGS is for electricity production that means a high working temperature (150°C-200°C) 

which can be found in a depth of around 3000 meters. In many places it is possible to find in this depth 

crystalline hot dry rock, that can be used for this method. There still needs to be made researches about 

if this technology can also be used for compressed sediments.13  

The technique of EGS or Hot Dry Rock is often compared with hydraulic fracturing (fracking) for oil or gas 

drillings. It has a lot of common and the risk of the EGS to create seismic activity is there, but the EGS 

industry is keeping the risk low and mentions that the fracks used for geothermal energy are way 

smaller and can be better handled14 

In addition to the pump in production drilling (often two), a pump in the injection drilling is necessary to 

build up the pressure for the stimulation.  

Picture removed due to copyright 

Picture removed due to copyright 

                                                           
9
 https://www.geothermie.de/bibliothek/lexikon-der-geothermie/u/unterwasserpumpe.html, 19.03.2019 and 

https://www.geothermie.de/bibliothek/lexikon-der-geothermie/g/gestaengepumpe.html, 19.03.2019  
10

 Success of geothermal wells – a global study, International finance cooperation, 2013, p. 
11

 Geothermie, Strobel und Bucher, p. 173 
12

 http://altarockenergy.com/technology/enhanced-geothermal-systems/, 19.03.2019 
13

https://www.geothermie.de/bibliothek/lexikon-der-geothermie/e/enhanced-geothermal-system-egs.html, 
19.03.2019 
14

 http://altarockenergy.com/technology/enhanced-geothermal-systems/, 19.03. 2019 

https://www.geothermie.de/bibliothek/lexikon-der-geothermie/u/unterwasserpumpe.html
https://www.geothermie.de/bibliothek/lexikon-der-geothermie/g/gestaengepumpe.html
http://altarockenergy.com/technology/enhanced-geothermal-systems/
https://www.geothermie.de/bibliothek/lexikon-der-geothermie/e/enhanced-geothermal-system-egs.html
http://altarockenergy.com/technology/enhanced-geothermal-systems/
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Figure 2: EGS for electricity production 

Picture removed due to copyright 
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2.1.3 Deep borehole heat exchanger  

Another way of getting the heat is by using a borehole heat exchanger. I will explain the functionality 

more in chapter 2.2.2, where I explain the use of borehole heat exchanger in a smaller scale. Deep 

borehole heat exchangers are mainly used for heat supply, because the amount of heat that can be 

transferred is limited. It is a closed circle technology, where a liquid (often ammonia15) is pumped into 

the ground, is heated up and the bottom and the same liquid is then transferred back to the top. There 

is at no point of interaction with the environment. Therefore, the system not depends on an aquifer, nor 

a suitable rock. Basically, it can be used all over the world at any spots. The problem is as mentioned 

before, the low temperature and the small amount of heat that can be transferred. As the costs for the 

drilling are so high, this technology is mainly used in abandoned boreholes from oil and gas 

productions.16  

To get the maximum of the heat, vacuum insulated tubing (VIT) or other kind of special tubing is used to 

fit to the requested needs. Widely used is a double pipe system where the cold liquid is going down on 

the outer pipe slow, and then is pressed up faster in the insulated pipe in the middle (co-axialpipe). Like 

this the cold liquid has more time to heat up, than the hot to cool down.  

 

What all the deep geothermic systems have in common, are one the on side high temperature and great 

amount energy, but on the other side also great investment cost and often the risk, that the position is 

not suitable. The wells are in a big scale and could bring a significant part to both, the electricity and the 

heat production. Until now the deep geothermal generates just a very small amount energy to the most 

countries (Germany, Denmark…) but as mentioned before, the potential of this energy source is nearly 

endless and everywhere available. 

2.2 Geothermal energy near the surface 

                                                           
15

 Geothermie, Strobel und Bucher, p. 55 
16

https://sciencetrends.com/potential-application-of-vacuum-insulated-tubing-for-deep-borehole-heat-
exchangers/, 20.03. 2019 

https://sciencetrends.com/potential-application-of-vacuum-insulated-tubing-for-deep-borehole-heat-exchangers/
https://sciencetrends.com/potential-application-of-vacuum-insulated-tubing-for-deep-borehole-heat-exchangers/
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While the deep geothermal energy is focussing more on the industrial sector, the Geothermal energy 

near the surface is in a smaller scale and just for heating/cooling purposes for single houses. The reason 

is simple: lower temperature lead to smaller power. The temperature reached is normally less than 

25°C, so to use the heat, a ground source heat pump GSHP is necessary, to get a temperature that fulfil 

your needs (35-50°C). 

2.2.1 Ground heat collector 

The simplest way to get heat from near the surface is with a ground heat collector. It operates in a depth 

of up to 5 meters. The temperature in this depth has a small variation of a few degrees during the year. 

Pipes are put down horizontally in to the soil with a length than can reach several hundred meters. The 

pipe can be arranged either on a big area or as baskets. The fluid running in the pipes is a brine and not 

water, to prevent it from freezing in the winter. To be precise, with this technique you do not get 

geothermal energy from inside of the earth, but solar energy. The energy enters the ground from above, 

via solar radiation or water (humidity, rain).17 Therefore the area can not be sealed (concrete etc.) and 

as well not to be disturbed by big roots. In a new Building it is very cheap to put heat collectors because 

                                                           
17

 Geothermie, Strobel und Bucher, p. 39 

Figure 3: Geothermal heat near the surface: Ground heat collector (B, 2.2.1), Borehole heat exchanger (A,2.2.2), ground 
water well (C,2.2.3) 

Picture removed due to copyright 
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you already dug out the ground and have all the machinery there, whereas the installation for an 

existing building often is not worth the costs. The required area depends not only of the heat demand, 

but also highly from the climatic circumstances like the amount of radiation and the material and the 

humidity of the soil.18 Is the soil is very moisture it can deliver greater amounts of energy.  

 

2.2.2 Borehole heat exchanger 

Whereas, the heat collector requires a lot of earth movement for an existing building, the borehole heat 

exchanger can be installed quickly. The depth of such a heat exchanger goes from 40 meters up to 100 

meters, depending on the demanded heat, and the geological situation. The temperature is constant 

throughout the year of about 10°C to 12 °C. The conditions to install a borehole heat exchanger, require 

very good knowledge about the soil, the layers of the rock and the existence of water. The drilling and 

installation of a borehole heat exchanger needs to be made from a professional company, where the 

costs are about 60 to 80 Euro for every meter of drilling depth (including drilling, heat exchanger, 

connection pipe and filling, Germany). Like mentioned for the deep borehole heat exchanger, the pipe is 

the most important part of this technology. Nowadays most used is the double- “U”, with two 

independent pipes in one borehole.19 

A different application of the same technology is called “Energy pile”, used for big buildings where 

concrete piles are put into the ground for the stability of the building. Concrete is a good material for 

absorbing heat, so it can easily be used. For an energy pile the pipes of the heat exchanger are 

embedded in the concrete while constructing the building and can afterwards be attached to a heat 

pump.  

 

  

                                                           
18

 Course Energieeffizienz, Belal Dawoud, OTH Regensburg 2018 
19

 Geothermie, Strobel und Bucher, p. 71 
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2.2.3 Ground water well 

Another possibility to get heat near the surface is by using the groundwater, which temperature is 

almost constant throughout the year (7 °C – 12°C). The water gets taken out by a well, gives the heat to 

a heat pump or a heat exchanger and is then put back into the ground with an injection well. As the 

ground water is often a valuable source for the people an official permission is required, that the water 

does not get contaminated (Germany, but probably like this in many countries). On the other side the 

water must have a certain condition to be suitable for a heat pump. Often a second loop with a heat 

exchanger is put in between to give the heat pump the conditions it wants.  

 

 

 

 

 

 

  

Figure 4: Possibilities of the usage of geothermal energy 

Picture removed due to copyright 
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3 What to do with the heat? 
First, we had a look how to get the free unlimited heat out of the ground, the next step is to see what 

can be done with the heat. The obvious way is of course for heat supply (direct use). Space heating and 

warm water for households, processing heat for the industry and a lot more (figure 4). On the other side 

geothermal energy can also be used to generate electricity and for cooling processes. As they are 

various ways of getting the energy from the ground there are also various ways to make this energy 

usable for many applications and needs.  

 

3.1 Use for power supply20 

Geothermal electricity production is just rentable when handling a great amount of energy in a high 

temperature. The base for all the systems is a steam turbine working with the rankine cycle. 85% of the 

worldwide electricity production is made with the rankine cycle. In this case the rankine cycle is used to 

convert heat into power.21 Because this thermodynamic cycle is very important to understand this 

chapter here is a short introduction in this topic. There are many ways of making the process more 

efficient etc. and as well there are losses in many parts, but to understand we see the process as ideal.  

 

Figure 5: Clausius Rankine cycle, schematic process and T-s-diagram 

The Rankine cycle consist of a heat source, a feedwater pump, a turbine and a condenser. The water 

gets compressed (mainly pressure rise), then it is getting heated up (isobar, temperature rise). 

Afterwards the hot and dry steam releases isentropic the pressure in the turbine. Final step to close the 

circle is the condensation to get back to liquid unpressurized water. The energy you get out is in 

                                                           
20

https://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/how-geothermal-energy-
works.html#bf-toc-1, 21.03.2019 
21

 https://www.turboden.com/turboden-orc-technology/1062/the-orc-technology, 25.03.2019 

Picture removed due to copyright 

https://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/how-geothermal-energy-works.html#bf-toc-1
https://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/how-geothermal-energy-works.html#bf-toc-1
https://www.turboden.com/turboden-orc-technology/1062/the-orc-technology
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mechanical form from the turbine. And the energy to run the cycle is heat (and a little bit for the 

feedwater pump). Which of the following techniques is used depends most of all of the conditions of the 

upcoming water or brine.  

 

3.1.1 Dry steam 

When the outcoming of your production well is dry steam, this means you have already steam of the 

quality of point 3 in the T-s-diagram. This means this steam just needs to be transferred to the turbine. 

In this case the geothermal source is the heat source and the feedwater pump. It makes things easier 

and just a few parts are necessary, the downside is, that there are just very few places where the 

geothermal source is supplying water in such conditions.  

 

3.1.2 Flash steam 

The flash steam system is also based on the rankine cycle. But your well is giving wet steam, a mix of 

liquid and gaseous water. By releasing a bit of pressure, the steam dries out. This can be seen in a logp-

h-diagram in the appendix, when leaving the wet steam area by going down vertically (releasing 

pressure). With the dry steam it is now possible to run the turbine as described in 3.1.1. Of course, it has 

a disadvantage: by lowering the pressure your efficiency drops. If it works depends on the conditions 

found. When going vertical down in the logp-h-diagramm from your conditions and you do not leave the 

wet steam area soon, it is not recommendable to use flash steam. To lower this disadvantage there are 

systems with double steam.  

 

3.1.3 Binary cycle (Organic rankine cycle and Kalina cycle) 

The third and last option is when even a flash steam system doesn’t work. That means the water 

temperature from the geothermal well is too low for a dry steam and a flash steam plant. Then a heat 

exchanger and a second cycle are necessary. In the second cycle is a substance that has a lower 

evaporation point than water. It is “characterized by a molecular mass higher than that of water, which 

leads to a slower rotation of the turbine, lower pressures and no erosion of the metal parts and 

Figure 6: The three designs for geothermal power plants 

Picture removed due to copyright 
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blades.”22 If this substance is an organic (e.g. butan, pentan) the process is called organic rankine cycle, 

otherwise it is named kalina cycle (e.g. ammonia-water). This substance is making the complete rankine 

cycle as described in the introduction. It gets compressed, heated up, is then put through the turbine 

before it condensates back to the start. With the binary cycle water below 175°C can also be used for 

electricity production. 

 

3.2 Use for heat supply 

In households the heat is responsible for over 90% of the total energy demand and in many industries 

processing heat consumes lot of energy. Those demands require different quantities, temperatures, and 

water qualities. So, to use the heat from a geothermal plant it depends first on the demand, to see 

which kind of power plant and heat generation is the suitable.  

3.2.1 Direct Use 

The best way of using the heat is to use directly. The Definition of direct can vary. In this case, direct 

means without a transfer to another energy (electricity) and without a driving heat23. It was the first use 

of geothermal energy thousands of years ago, when people started to use the hot water that came out 

of thermic wells.24 The huge advantage is, that it works nearly without an external driving energy (just 

feed pump). The use of direct heat is mainly for small temperature (20-120 °C). As this level of 

temperature can be easily found all over the world it is useful in many occasions and suitable for smaller 

plants closer to the consumer.  

3.2.2 Heat pump 

If the heat from the geothermal installation is not as required, a heat pump can be installed. “Heat 

pumps are systems that transfer heat energy from a lower temperature to a higher temperature.”25 It 

uses driving energy to raise the temperature level. The main uses for heat pumps are room heat and 

warm water for households. As the heat pump are just big enough for a house, the geothermal near 

surface is the common connection. Heat pumps can be divided into electrically driven and thermally 

driven heat pumps, which have the same circle, just with the different driving energy supply. The Power 

of the heat pump for a house should be between 40 W/m2 and 120 W/m2, depending on the house.  

The cycle used is the Rankine cycle, so the same as for the power production. The difference is, that the 

used energy is the heat from the condenser. So, you could compare a heat pump with a binary cycle, 

just in the other direction. That means that the generator is now a motor and the feedwater pump an 

expansions valve.  

                                                           
22

 https://www.turboden.com/turboden-orc-technology/1062/the-orc-technology, 25.03.2019 
23

 Direct use of geothermal resources (Abstract), Thorleikur Jóhannesson and Carine Chatenay, p.2 
24

 https://www.renewableenergyworld.com/geothermal-energy/tech/geodirectuse.html, 25.03.2019 
25

 https://gasairconditioning.com/technologies/how-heat-pumps-work/, 25.03.2019 

https://www.turboden.com/turboden-orc-technology/1062/the-orc-technology
https://www.renewableenergyworld.com/geothermal-energy/tech/geodirectuse.html
https://gasairconditioning.com/technologies/how-heat-pumps-work/


 
18 

The heat from the ground is transferred with a heat exchanger to the working fluid. The Temperature of 

the geothermal systems near the surface is enough. Even with temperatures below 10°C a heat pump 

can work. The heat needs to be enough to evaporate the working fluid entirely. Then it gets 

compressed, either thermal (absorption system) or mechanically (vapor compression system). After that 

the hot pressured steam flows into a heat exchanger where the heat is transferred to the demanded 

liquid (e.g. water for radiators). To get back to the beginning of the cycle, an expansion device is 

installed to reduce the pressure. It is easier to understand this cycle by looking into a diagram (Figure 8). 

The deltas of the enthalpies are the energy of this step. So Δh12 is the driving energy that needs to be 

put in, Δh41 is the energy you take from your heat source (e.g. borehole heat exchanger) and Δh23 is the 

heat you get for your building.  

  

 

 

 

 

 

 

 

 

Figure 7: Different types of heat pumps 

Picture removed due to copyright 
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The absorption system is using a second circle. The steam from the evaporator (very low pressure) is 

absorbed by a LiBr-Solution. This means, that the concentration of the solutions sinks. The 

unconcentrated LiBr-Solution is heated up by using an external heat supply (gas, oil) which boils out the 

water. The steam is then sent to the condenser with a higher temperature and a higher pressure than 

before. The LiBr-Solution now has again a higher concentration and goes back to absorb steam. An 

additional feeding pump is necessary to ensure the second circle movement (LiBr-Solution). 

The advantage of the mechanical compression is, that no fossil fuels are required to drive the heat pump 

(unless the electricity is on fossil fuel basis). The downside is that just Temperatures up to 55 °C can be 

reached with a mechanical driven HP, whereas a absorption heat pump can deliver up to 70°C. Old 

heating systems need a higher input than 55°C, but the technical standard today is anyways floor or wall 

heating where the temperature needed is around 35°C.26 

So why should you take a head pump instead of a conventional oil or gas heater when you use it in the 

end anyways? Because a heat pump is way more efficient. To measure the efficiency the COP 

(Coefficient of Performance) is used. It measures the heat you need to drive your system divided trough 

the energy you get. 

𝐶𝑂𝑃 =
∆ℎ23
∆ℎ12

 

From the calculation it is an efficiency factor, the difference is that it can reach numbers higher than 1. A 

heat pump can have a COP of 4.5, but this is under perfect conditions. A COP of 4.5 means, for every 

kWh you put in electrical or thermal, you get 4.5 kWh. The missing 3.5 kWh you get from the ground 

(collector or borehole heat exchanger). 

                                                           
26

https://ihre-waermepumpe.de/grundlagen-und-technik/verschiedene-waermepumpen-arten.html#, 03.04.2019 

Figure 8: Logp-h-diagram of a heat pump 

https://ihre-waermepumpe.de/grundlagen-und-technik/verschiedene-waermepumpen-arten.html


 
20 

3.3 Combined Heat and Power (CHP) 

To higher the efficiency it is common to use the heat as well for heating purposes and for power 

production. As most of the heating demand are low temperature it is a waste to use the high enthalpy 

heat for this purpose. But while producing power, a lot of heat is lost due to cooling purposes (Figure 4). 

By combining the two productions you therefore gain for both sides. If there is too much heat for the 

power plant to handle it is also possible to but a heating system in parallel. As a geothermal power plant 

alone has just an efficiency of around 10%, a CHP can have an efficiency of over 80%27. This means 

geothermal plant just for electricity production is rare because it is often not rentable, and the heat is 

“produced” anyways. In many countries and regions though a district heating system is not installed and 

makes it difficult to bring the energy to the costumer.  

 

  

                                                           
27

 https://www.bkwk.de/kraft-waerme-kopplung/#energieeffizienz, 26.03.2018 

Figure 9: Possibilities of combined heat and power 

Picture removed due to copyright 

https://www.bkwk.de/kraft-waerme-kopplung/#energieeffizienz
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4 Economic Aspects 

4.1 Deep Geothermal (Commercial) 

Most of the data available for the deep geothermal is focussing on the electricity prices. But of course, 

CHP and just heat is also possible. Furthermore, different studies come to very different results. 

Probably because each deep geothermal project varies a lot. To compare the cost of energy plants the 

levelized costs of energy (LCOE) is a good way to measure it. Lazare (USA) makes a study every year, but 

the situation in each country is different, as well as the tax and the subsidy system. In 2018 the cost for 

geothermal without subsidies were between 71 $/MWh and 111 $/MWh. But those number doesn´t 

distinguish the different technologies of geothermal power production. In general, dry steam and flash is 

cheaper than a binary cycle. It shows that even without subsidies the price is competitive with 

conventional and other renewable energies.28 On a commercial scale wind and PV is cheaper, but 

important to notice is the prize of the conventional energy sources, which is without subsidies way 

higher than the renewables, including geothermal. In comparison to the study from 2013 the LCOE have 

decreased about 20%. That shows that there is happening something, the technologies are getting more 

developed, the installations go in mass production etc. The capital costs are still the main part as the 

operation and maintenance is little and there is no need for using fossil fuels. The capital costs for 

geothermal energy were in 2018 between 4000 and 6000 $/KW. This is especially with compared to the 

other renewables high, but geothermal power plants have a higher capacity factor (85%-90%).29 The 

capacity factor is showing how much energy the installation produces compared to the energy it could 

theoretically produce. As the geothermal power does not depend on daylight nor on seasons it can run 

basically the whole year on full capacity. 

 

4.2  Geothermal energy near the surface 

Geothermal energy near the surface is just used for heating/cooling purposes for households. If it is 

rentable depends on many things, from the kind of building over the used heating system, until the 

country specific regulations and subsidies. The following table is an overview to get a feeling of the 

dimensions, but different references have different costs. The prizes are for an average house in 

Germany for a family with floor heating and a compression heat pump. 

 

 

Table 1: Costs for different heat pump systems 

 Tapping Price of heat Electricity Additional Average Total costs 

                                                           
28

 Wind onshore: 29-56$/MWh, PV: 40-46 $/MWh, Coal: 60-143$/MWh, Nuclear: 112-189 $/MWh 
29

 https://www.lazard.com/media/450773/lazards-levelized-cost-of-energy-version-120-vfinal.pdf, november 2018 
version 12, 03.04.2019 

https://www.lazard.com/media/450773/lazards-levelized-cost-of-energy-version-120-vfinal.pdf
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costs (in €) pump (in €) use (in 
KWh/a) 

costs (in 
€/a) 

COP (in €) 

Ground 
collectors 

2.000 – 
5.000 

5.200 – 
12.0000 

2800 – 4200 210 – 250 4 15.000 – 
18.000 

Borehole 
heat 
exchanger 

3.500 – 
8.000 

5.200 – 
12.0000 

2800 – 4200 210 – 250 4 17.000 – 
19.000 

Water well 4.000 – 
7.000 

9.000 – 
12.000 

2600 – 3800 210 – 250 4,8 16.000 – 
17.000 

 

Such a table shouldn´t get too much attention. Every installation is different, and it needs to be 

calculated, how much energy costs can be saved by installing a heat pump. In new buildings it is 

recommendable to install a heat pump system, but in old houses with an old heating system etc., all the 

aspects are to be considered. Interesting is also the support from the country, which is for example in 

Germany, when exchanging you old heating system with a new one with a heat pump and geothermal 

energy, 4.500€.30 Many countries see the importance of going from fossil fuels for heating to electricity, 

with a connection of the sectors heat and electricity. While going to renewable energies, the demand 

side management is becoming more important. Heat pumps can adapt to the supply without people 

even noticing it.  

 

 

  

                                                           
30

 Can be up to 11.000 € in Germany. 
https://www.bafa.de/DE/Energie/Heizen_mit_Erneuerbaren_Energien/Waermepumpen/waermepumpen_node.h
tml, 03.04.2019 

https://www.bafa.de/DE/Energie/Heizen_mit_Erneuerbaren_Energien/Waermepumpen/waermepumpen_node.html
https://www.bafa.de/DE/Energie/Heizen_mit_Erneuerbaren_Energien/Waermepumpen/waermepumpen_node.html
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5 Disadvantages 
In a small town in the southwest of Germany in the year 2006 and 2007 several drillings for borehole 

heat exchangers were made in a depth of just 140 m. Short time later the whole town began to rise. 

With the drilling they connected a ground water layer under high pressure with an anhydrite layer which 

grows in contact with water. It was very expensive and took more than 10 years to fix the problem. After 

this incident, the opinion from the society in this region was of course not in favour of geothermal 

energy. The point is, that it is not easy to install a geothermal plant, but it can be done without causing 

incidents like in Staufen. But it is important to make it professional, well planed and with high precision.  

To start with the smallest problems, we start with the heat collectors. Disadvantages are just that you 

should not plant or build something on top and that the space you need for getting enough heat is big 

enough and the energy from the sun is reaching the soil.  

All the other technologies of geothermal energy must face bigger problems, and like that have a more 

difficult reputation in the society.  

 Environmental Impact: When drilling a hole into the ground there is always a chance, that gases 

are making the way to the surface such as CO2, CH4, H2S…, some of them are greenhouse gases. 

On the other hand, the emission is of course way lower that from a fossil power plant.  

 Possibility of Depletion: The possibility that geothermal sources cool down, because the taken 

heat is too much for the source. But by dimensioning right this risk can be minimized.  

 Surface Instability: Like the case in Staufen, it occurs most of the time due to a lack of planning 

and researching. Especially in seismic active areas this is a serious risk. In November 2017 a 

geothermal project in Pohang, Japan caused an earthquake with a strength of 5,531. Manny risk 

can be calculated but it is hard to find all the defects in the soil even with the technology we use 

today. The risk can just be minimized but not be eliminated. The chance of an earthquake is 

higher when using EGS because of the high working pressure.  

 Location Specific: As mentioned in the chapters above, the technologies require specific 

conditions. Often you can find these conditions in remote areas, where it is not rentable to build 

an installation.  

 High Investment costs: This argument is always mentioned when talking about geothermal 

energy. It is right that the investment costs a high, but it is as important to take the payback 

period into consideration as well as the impact on the environment. The risk with deep 

geothermic is to drill and not find a right spot where you get you energy. Then the investment is 

lost. This is right, but for small installations, a payback period of under 10 years and a huge 

amount of energy savings is often the most rentable solution, and on top it gets subsidized with 

up to 30% from the countries (UK)32 

                                                           
31

https://www.spektrum.de/news/geothermie-erdwaerme-ist-womoeglich-nicht-ohne-erdbebenrisiko-zu-
haben/1634696, Article 26.03.2019, 29.03.2019 
32

 https://www.greenmatch.co.uk/blog/2014/04/advantages-and-disadvantages-of-geothermal-energy, 
29.03.2019 

https://www.spektrum.de/news/geothermie-erdwaerme-ist-womoeglich-nicht-ohne-erdbebenrisiko-zu-haben/1634696
https://www.spektrum.de/news/geothermie-erdwaerme-ist-womoeglich-nicht-ohne-erdbebenrisiko-zu-haben/1634696
https://www.greenmatch.co.uk/blog/2014/04/advantages-and-disadvantages-of-geothermal-energy
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As seen, there are arguments and risks of geothermal energy that should be mentioned, but the impact 

they have is most of the time manageable. It is easy to make mistakes and not everything about 

geothermal energy is the blue from the sky, but for me there are no big disadvantages of small 

geothermal installations. With the big ones it can be a good option, but it depends on many factors.  
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6 Conclusions 
Geothermal energy is a renewable energy but is not playing a big part in the current energy production 

(except in a few countries like Iceland). The reason for that are still the higher costs especially for power 

plants. Small heat installations are on the other side affordable and often not connected to higher risks. 

The potential is enormous and accessible, in some regions better than in others but still everywhere 

available. It is considered as the renewable energy that the surface footprint the lowest. Baseload power 

is used to justify conventional power plants, but geothermal energy is available all the time is therefore 

a renewable baseload power. Many reasons are speaking for geothermal energy, but why is there no 

discussion about increasing the geothermal installations drastically? To find the right spots to make a 

geothermal installation require a great know-how and great investment cost that maybe don’t pay off if 

the place is not suitable. Also, the society is in many places against geothermal projects because the EGS 

is often compared to fracking. From my point of view this has a reason, but I can not evaluate the risks 

of this technology. As long, as there are still good spots for wind and solar installations and the prices 

are staying this cheap, it is hard for geothermal energy to compete with that. 

In the small scale, geothermal energy seems to me like a good solution to lower the energy consumption 

and to get independent from fossil fuels. The technology is developed and is ready to be installed. With 

the subsidy situation right now, it isn´t even expensive to install a heat pump and the heat costs are cut 

down a lot. To ensure that it is a meaningful way of heating it should be taken into consideration where 

the driving energy is coming from. Best would be electricity (electric driven heat pump) from wind or 

solar (or even geothermal itself) or biogas (absorption heat pump). 

The main purpose of geothermal energy is heat supply. This is the sector, where it is important right 

now and will be even more important in the future. Small installations for houses or big installations for 

district heating or industry can supply a variety of amount of energy and temperature level.  
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Appendix 1: logp-h-diagram of R134a 
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