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Abstract 
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Abstract 
OMV is on its way to establish itself as one of Europeans major energy supplier. Therefore, the 
company is interested in green energy technology and likes to invest in that field of energy pro-
duction in the future. OMV has already done research on geothermal energy technology and 
carried out one geothermal energy project in Austria. To be able and ready to increase their 
geothermal energy portfolio in the next few years, OMV was interested in developing an as-
sessment tool for the geothermal energy potential of their E&P country portfolio. 

In a first step, a research on all countries from the OMV E&P portfolio was done and based on 
the facts the countries were described shortly by their political, economic and geological as-
pects. As the OMV E&P portfolio consists of 17 countries which all have different geothermal 
energy potentials, it was decided to run a pre-screening upfront to filter out all countries with an 
economical meaningful geothermal energy production potential, to be able to achieve better 
results regarding the sensitivity of the needed data-packages. By conducting this step, the 
countries could be minimized to nine potential countries. 

To establish the desired assessment tool, a system has been defined as framework for all fur-
ther steps. However, multiple criteria decision analysis with a SWING weighting method was cho-
sen. After the system evaluation step, all criteria with an influence on a geothermal energy pro-
duction projects were defined. This process was accomplished with the aid of a top-down ap-
proach, a political-economic-social-technological-analysis and expert interviews.  

After the assessment tool was established, experts weighted all criteria on their importance for 
the overall system, the criteria were assigned their appropriate key figure and the different coun-
tries were evaluated. To assess the plausibility of the results a sensitivity analysis was carried 
out. 

An easy and understandable assessment tool to determine the geothermal energy potential of 
different countries was developed, what was proved on its functionality. The results of the tool 
show reasonable values, with Romania having the highest potential, as the two most interesting 
regions are based there. 
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1 Introduction 

1.1 Scope & Structure of Work 
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2 Geothermal Energy 

 
 
 

2.1 Geothermal Energy Fundamentals 

Cp. VDI (2000)
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Figure 1: Installed geothermal power capacity 20102 

 
 

 

 

 

 

 

 
 

2 Bertani, R (2010), p. 2 
3 Cp. Kaltschmitt et al (1999), p. 9ff 
4 Cp. Kaltschmitt et al (1999), p. 9ff 
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A= High Geothermal gradient 

B= Normal Geothermal gradient 

C= Low Geothermal gradient 

Figure 2: Geothermal gradient in dependency on depth (=pressure) and lithology7 

2.2 Geothermal resources 

5 Cp. Kaltschmitt et al (1999), p. 102 
6 Cp Lundv (2007), p. 1 
7 Source:.Tulane Homepage (Access 08.02.11) 
8 Cp. Clauser et al (2006), p. 59 
9 Cp. Kaltschmitt et al (1999), p. 41 
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Table 1: Definition of geothermal resources and their estimated potential10 

2.2.1 Definition by vertical position 

2.2.1.1 Surface-near resources 

�

 

 

2.2.1.2 Deep geothermal resources 

 
 

 
 

 
 

Clauser et al (2006), p. 59 
11 Cp. Kaltschmitt et al (1999), p. 105 
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2.2.2 Definition by enthalpy 

12 Cp. Clauser et al (2006), p. 70 
13 Cp. Kaltschmitt et al (1999), p. 46f 
14 Source: IGA Homepage (access 08.02.11) 



2 Geothermal Energy 
 

8 

Table 2: Classification of geothermal resources by the definition of enthalpy (all values provided in °C)15 

2.3 Types of geothermal energy production systems 

2.3.1 Deep borehole heat exchanger 

2.3.2 Hot Dry Rock 

15 Source: IGA Homepage (access 08.02.11) 
16 Cp. Kaltschmitt et al (1999), p. 47 
17 Cp Werner (2009), p.63 
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2.3.3 Hydrothermal energy technique 

a. Coinshaped vertical cracks 

b. Network of micro-cracks, fissures and fractures 

c. Interconnected large-scale fractures and faults 

Figure 3: Different heat exchange systems for HDR techniques19 

2.4 Electric power generation systems 

2.4.1 Direct steam plant 

�

18 Cp. Kaltschmitt et al (1999), p. 129 
19 Clauser et al (2006), p. 91 
20 Cp. Kaltschmitt et al (2005), p. 511 
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Figure 4: Direct steam plant21 

2.4.2 Flash steam plant 

�

Figure 5: Flash steam plant23 

21 Lundv (2007), p. 5 
22 Cp. Kaltschmitt et al (2005), p. 512ff 
23 Lundv (2007), p. 5 
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2.4.3 Binary plant 

� �

Figure 6: Binary plant25 

24 Cp. Kaltschmitt et al (2005), p. 514ff 
25 Lundv (2007), p. 5 
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3 Development of a geothermal energy assessment 
tool 

3.1 Geothermal Project key factors  

26 Cp GEOFAR (2009), p.9 
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3.1.1 Phases of a geothermal project  

Figure 7: Typical project timeline and financing options27 

3.1.1.1 Site identification phase 

3.1.1.2 Pre-feasibility phase  surface exploration 

 

 

 

 

27 GEOFAR (2009), p.11 
28 Cp FORSEO (2008), p. 22 
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3.1.1.3 Feasibility phase  exploration drilling 

3.1.1.4 Resource development phase 

3.1.1.5 Power plant construction phase 

29 Cp FORSEO (2008), p. 23ff 
30 Cp FORSEO (2008), p. 28ff 
31 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (2007), p. 20 
32 Cp FORSEO (2008), p. 33 
33 Cp FORSEO (2008), p. 34ff 
34 The World Bank Group: Geothermal Energy 
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3.1.1.6 Operation and maintenance phase 

Figure 8: Overview about the costs of an average geothermal energy production project in Germany37 

3.1.2 Project key factors 

 
 
 
 

3.1.2.1 Geological key factors 

35 Cp FORSEO (2008), p. 49ff 
36 The World Bank Group: Geothermal Energy 
37 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (2007), p. 21 
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Figure 9: Drilling costs vs. depth38 

38 Source: Activatedlogic Homepage (11.02.11) 
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Figure 10: Porous, fractured/jointed and karst matrix (from left to the right)39 

3.1.2.2 Legal key factors 

 
 
 
 
 
 
 

39 Cp. Kaltschmitt et al (1999), p. 42 
40 Cp. Kaltschmitt et al (1999), p. 42 
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3.1.2.3 Economical key factors 

 
 
 

 

 

41 Cp FORSEO (2008), p. 20 
42 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (2007), p. 21 
43 Cp. Clauser et al (2006), p. 96 
44 Cp. Clauser et al (2006), p. 97ff 
45 Cp FORSEO (2008), p. 31ff 
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Figure 11: C
um

ulative costs vs. tim
e and cum

ulative risk vs. tim
e of tw

o different geotherm
al projects (left: 

hydrotherm
al project w

ith one w
ell to 2750m

 and a 4M
W

 pow
er plant, right: hydrotherm

al project w
ith a 

doublet to 2000m
 for district heating) 46 

46 C
p G

EO
FA

R
 (2009), p.10 
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Figure 12: Capital costs and energy costs of different energy sources47. 

47 Cp. Clauser et al (2006), p. 95 
48 Cp FORSEO (2008), p. 32 
49 Cp FORSEO (2008), p. 44 
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3.1.2.4 Area specific key figures 

3.2 Multiple criteria decision analysis (MCDA) 

50 Cp. Linkov et al (2004), p. 2 
51 Source: Referenceforbusiness Homepage (Access: 14.02.11) 
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Figure 13: MCDA framework53 

3.2.1 MCDA methods 

52 Cp. J. Bortz (2002), p. 346 
53 Source: Geoinformatics Homepage (Access: 14.02.11) 
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3.2.1.1 Optimization methods 

3.2.1.2 Goal aspiration methods 

3.2.1.3 Outranking methods 

3.2.2 Method description 

54 Cp. Department for Communities and Local Government (2009), p. 31 
55 Cp. Linkov et al (2004), p. 3ff 
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3.2.2.1 Optimization methods 

 

 

 

Equation 1: SMART calculation equation59 

56 Cp. Eisenführ (2003), p 111ff 
57 Cp. Linkov et al (2004), p. 7ff 
58 Schäfer, R., p. 1ff 
59 Fülöp, J., p. 6 
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Equation 2: SWING calculation equation62 

3.2.2.2 Outranking methods 

 
 

60 Fülöp, J., p. 6 
61 Cp. Wang,J. (2009), p. 2271 
62 Cp. Jia, J. (1993), p. 6 
63 T´kindt (2002), p 305 
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3.2.2.3 Method decision 

3.3 Evaluation Process 

3.3.1 Delphi method 

3.3.1.1 Delphi methodology 

3.3.2 Sensitivity analysis 

3.3.2.1 Sensitivity analysis methodology 

64 Cp. J. Bortz (2002), p. 357 
65 Cp. Wang, J. (2009), p. 2270 
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3.4 OMV Portfolio countries 

 
 

Figure 14: Australia map with OMV E&P licences (dark blue) and the geothermal potential areas (red cir-
cles)67 

66 Cp. Staber, S. (2010) 
67 Source: OMV Homepage (Access 14.02.11) 
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68

 

Figure 15: Austria map with OMV E&P licences (dark green) and the geothermal potential areas (red cir-
cles)69 

 

68 Cp. Goldstein B. et al (2008) 
69 Source: OMV Homepage (Access 14.02.11) 
70 Source: Regioenergy Homepage (Access 14.02.11) 
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Figure 16: Egypt map with OMV E&P licences (dark blue) and the geothermal potential areas (red cir-
cles)71  

 

Figure 17: Faroe Islands map with OMV E&P licences (dark blue)73 

71 Source: OMV Homepage (Access 14.02.11) 
72 Cp. Lashin A. et al (2010), p. 1 
73 Source: OMV Homepage (Access 14.02.11) 
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Figure 18: Iraq map with OMV E&P licences (dark green)75 

 

74 Source: Visitfaroeislands Homepage (Access 12.02.11) 
75 Source: OMV Homepage (Access 14.02.11) 
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Figure 19: Ireland map with OMV E&P licences (dark blue)76  

�

 
 

Figure 20: Kazakhstan map with OMV E&P licences (dark green) and the geothermal potential areas (red 
circles)78 

76 Source: OMV Homepage (Access 14.02.11) 
77 Cp CSA Group (2004), p. 20 
78 Source: OMV Homepage (Access 14.02.11) 
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Figure 21: Libya map with OMV E&P licences (dark green)80 

79 Boguslvsky, E et al. (1999) 
80 Source: OMV Homepage (Access 14.02.11) 
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Figure 22: New Zealand map with OMV E&P licences (dark blue) and the geothermal potential areas (red 
circles)81 

 

Figure 23: Norway map with OMV E&P licences (dark blue)83 

 

81 Source: OMV Homepage (Access 14.02.11) 
82 Cp. White, B. (2009) 
83 Source: OMV Homepage (Access 14.02.11) 
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Figure 24: Pakistan map with OMV E&P licences (dark green) and the geothermal potential areas (red 
circles)84 

 

84 Source: OMV Homepage (Access 14.02.11) 
85 Cp. Bukhari, S. (2010) 
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Figure 25: Romania map with OMV E&P licences (dark green and dark blue) and the geothermal potential 
areas (red circles)86 

 

Figure 26: Slovakia map with OMV E&P licences (dark green) and the geothermal potential areas (red 
circles)88 

86 Source: OMV Homepage (Access 14.02.11) 
87 Cp. Antal, C. (2008),p. 2ff 
88 Source: OMV Homepage (Access 14.02.11) 
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Figure 27: Tunisia map with OMV E&P licences (dark green)90 

 

89 Cp. Benovsky, V. (2000) 
90 Source: OMV Homepage (Access 14.02.11) 
91 Cp. Mohamed, M. (2002) 
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Figure 28: United Arab Emirates with OMV office (Abu Dhabi)92 

 

Figure 29: United Kingdom map with OMV E&P licences (dark blue)93 

92 Source: OMV Homepage (Access 14.02.11) 
93 Source: OMV Homepage (Access 14.02.11) 
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Figure 30: Yemen map with OMV E&P licences (dark green)95 

94 Cp. Busby, J (2010) 
95 Source: OMV Homepage (Access 14.02.11) 
96 Cp. Al-Kohlani, T. (2010) 
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4 Screening process 

4.1 Pre-Screening 

4.1.1 Screening framework 
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Figure 31: Performance matrix(C=option, A=alternative performance, w and x= possible weighting fac-
tors)97 

4.1.2 Screening criteria 

4.1.2.1 First Criterion 

� �

97 Cp. Fülöp, J., p. 4 
98 Cp. Department for Communities and Local Government (2009), p. 21ff
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4.1.2.2 Second Criterion 

4.1.2.3  Third Criterion 

4.1.3 Evaluation of Screening 
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Table 3: Result criterion 1 from the pre-screening process (X marks the alternative) 

0 = No possibility to produce electricity
1 = binary system is maximum (85°-150°)
2 = flash steam systems or dry steam systems (>150°C)

Conutries 0 1 2
Austria - X -

Australia - - X

Egypt - X -

Faroe Islands - X -

Iraq X - -

Ireland X - -

Kazakhstan - X -

Libya X - -

New Zealand - - X

Norway X - -

Pakistan - X -

Romania - X -

Slovakia - X -

Tunisia X - -

United Arab Emirates X - -

United Kingdom X - -

Yemen - X -

Which systems is in the best case able to produce electricity from 
geothermal energy (only out of hydrothermal- and petrothermal systems 
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Table 4: Result criterion 2 from the pre-screening process (X marks the alternative) 

0 = No possibility to produce electricity
1 = 1-100 MWe
2 = >100 MWe

Conutries 0 1 2
Austria - X -

Australia - - X

Egypt - X -

Faroe Islands - X -

Iraq X - -

Ireland X - -

Kazakhstan - - X

Libya X - -

New Zealand - - X

Norway X - -

Pakistan - X -

Romania - - X

Slovakia - - X

Tunisia X - -

United Arab Emirates X - -

United Kingdom X - -

Yemen - X -

What is the maximal possible future installed electric power potential (only 
consider hydrothermal- and petrothermal systems <5000m)?
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Table 5: Result criterion 3 from the pre-screening process (X marks the alternative)99 

What is the political situation in the country?
0 = whole country unstable (war, civil war)
1 = parts of the country are unstable, dangerous  (terrorism)
2 = safe country

Conutries 0 1 2
Austria - - X

Australia - - X

Egypt - - X

Faroe Islands - - X

Iraq X - -

Ireland - - X

Kazakhstan - - X

Libya - X -

New Zealand - - X

Norway - - X

Pakistan - X -

Romania - - X

Slovakia - - X

Tunisia - X -

United Arab Emirates - X -

United Kingdom - - X

Yemen X - -

4.1.3.1 Valuation Key 

99 Cp. Außenministerium Österreich (Access 30.11.10) 
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4.1.4 Pre-screening result 

Table 6: Pre-screening result 

Countries Q1 Q2 Q3 Sum
Austria 1 1 2 4

Australia 2 2 2 6
Egypt 1 1 2 4

Faroe Islands 0 0 2 2
Iraq 0 0 0 0

Ireland 0 0 2 2
Kazakhstan 1 1 2 4

Libya 0 0 1 1
New Zealand 2 2 2 6

Norway 0 0 2 2
Pakistan 1 1 1 3
Romania 1 2 2 5
Slovakia 1 2 2 5
Tunisia 0 0 1 1

United Arab Emirates 0 0 1 1
United Kingdom 0 1 2 3

Yemen 1 1 0 2
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4.2 Geothermal potential evaluation 

4.2.1 Establish decision context 

4.2.2 Identifying of options 

4.2.3 Identifying of criteria and assessing of performance level 
4.2.3.1 Identify criteria 

100 Cp. Wang, J. (2009), p. 2269 
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101 Cp. Wang, J. (2009), p. 2269 
102 Cp Stahl, H. (2011), p.44 
103 Cp. Department for Communities and Local Government (2009), p. 33 
104 Cp. Center of International forestry research (1999), p. 19ff 
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4.2.3.2 Assess performance level 

 

 
 

105 Cp. Department for Communities and Local Government (2009), p. 35ff 



4 Screening process 
 

49 

 

 

 

4.2.3.3 Criteria derive procedures 

 

106 Cp. Department for Communities and Local Government (2009), p. 41ff 
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�

Figure 32: First step of criteria derive procedure 

Geothermal electric 
energy production 

potential of a country 

National 

dimension 

Regional 

dimension 
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4.2.3.4 Criteria and their performance scales 

 
 

Geothermal 
electric 
energy 

production 
potential of 
a country

National 

dimension 

Regional 

dimension 

Political/ 

Legal  

charac-
teristics 

Economical 

charac-
teristics 

Techno-
logical 

charac-
teristics 

Resservoirl 

charac-
teristics 

HDR or 
Hydro-
thermal 

geological 
characteris-

tics

Resources 

charac-
teristics 

Area  

charac-
teristics 

Figure 33: Second step of criteria derive procedure
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Figure 34: Overview of the criteria of the political/legal characteristics 

Political/legal 

 characteristics 

Political 
situation 

Bureaucracy 

Corruption Official  
departments 

involved 

Environmental risk Licences 
/property 
systems 

Future  
renewable 

energy 
target 
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Table 7: Political situation performance scale 

political situation criterion 

10= no security worries/ no terrorism target 

9= no security worries/ possible terrorism target 

8= security worries because of crime rate/ no terrorism target 

7= security worries because of aggressive atmosphere/ no terrorism target 

6= no security worries/ was terrorism target in the last year and still high terror risk 

5= security worries because of aggressive atmosphere/ was terrorism target in the 
last year and still high terror risk 

4= daily risk of terror acts 

3= parts of the country are not under governments control 

2= in parts of the country is war 

1= in the whole country is war 

107 Cp. Transparency International 
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Table 8: Conversion of the quantitative classification of the corruption index to the qualitative classification 
system for the corruption and the performance scale 

corruption index corruption 

1= 9.2-10 1= not corrupt system 

0.9= 8.3-9.1 0.9= very low corrupt system 

0.8= 7.4-8.2 0.8= low corrupt system 

0.7= 6.5-7.3 0.7= medium low corrupt system 

0.6= 5.6-6.4 0.6= medium corrupt system 

0.5= 4.7-5.5 0.5= medium high corrupt system 

0.4= 3.8-4.6 0.4= high corrupt system 

0.3= 2.9-3.7 0.3= major corrupt system 

0.2= 2-2.8 0.2= extreme corrupt system 

0.1= <2 0.1= total corrupt system 
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Table 9: Official departments involved performance scale 

Official departments involved 

10= 1 

9= 2 

8= 3 

7= 4 

6= 5 

5= 6 

4= 7 

3= 8 

2= 9 

1= >9 

108 Cp. Homepage Yale (access 03.02.11)  
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Table 10: Conversion of the quantitative classification of the environmental performance index to the quali-
tative classification system for the environmental risk and the performance scale 

Environmental Performance Index Environmental risk 

10= <47 10= nearly no effort 

9= 47- 52.9 9= very low effort 

8= 53-58.9 8= low effort 

7= 59-64.9 7= moderate low effort 

6= 65-70.9 6= moderate effort 

5= 71-76.9 5= moderate high effort 

4= 77-82.9 4= high effort 

3= 83-88.9 3= major effort 

2= 89-94.9 2= extreme effort 

1= 95-100 1= huge effort 
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Table 11: Licence property system performance scale 

Licence/property system 

10= 90-99% 

9= 80-89% 

8= 70-79% 

7= 60-69% 

6= 50-59% 

5= 40-49% 

4= 30-39% 

3= 20-29% 

2= 10-19% 

1= 0-9% 



4 Screening process 
 

59 

Table 12: Future renewable energy target performance scale 

Future renewable energy target 

10= >13% 

9= 12-12.9% 

8= 11-11.9% 

7= 10-10.9% 

6= 9-9.9% 

5= 8-8.9% 

4= 7-7.9% 

3= 6-6.9% 

2= 5-5.9% 

1= <5% 

Table 13: OMV personal infrastructure performance scale 

OMV personal infrastructure 

10= >89 

9= 89-80 

8= 79-70 

7= 69-60 

6= 59-50 

5= 49-40 

4= 39-30 

3= 29-20 

2= 19-10 

1= <10 
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Table 14: Total geothermal potential performance scale 

Total geothermal potential 

10= >12,000PJ 

9= 11,999  11,000PJ 

8= 10,999  10,000PJ 

7= 9,999  9,000PJ 

6= 8,999-7,000PJ 

5= 7,999  6,000PJ 

4= 5,999  4,000PJ 

3= 3,999  2,000PJ 

2= 1,999  1,000PJ 

1= <1,000PJ 
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Figure 35: Overview of the criteria of the economic characteristics 

109 Cp GEOFAR (2009), p.20 

Economic 
Characteristics 

Feed-in tariff Tax deduction Subsidies on 
the total 

investment 

Cost intensity 
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Table 15: Feed-in tariff performance scale 

Feed-  

10= >26 

9= 26-24 

8= 20-23 

7= 18-20 

6= 17-15 

5= 14-12 

4= 11-9 

3= 8-6 

2= 5-3 

1= >3 
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Table 16: Tax deduction performance scale 

Tax deduction 

10=39.9% on electric energy revenues 

9=35-39.9% 

8= 30-34.9% 

7= 25-29.9% 

6= 20-24.9 

5= 15-19.9% 

4= 10-14.9% 

3= 5-9.9% 

2= 0.1-4.9% 

1= 0% 

Table 17: Subsidies of total investment performance scale 

Subsidies of total investment 

10= >79% of total investment 

9= 70 79.9% 

8= 60-69.9% 

7= 50-59.9% 

6= 40-49.9% 

5= 30-39.9% 

4= 20-29.9% 

3= 10-19.9% 

2=0.1-9.9% 

1= 0% 




























































































































