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Performance assessment of geothermal systems: 
assisting in exploration strategies 

We all know that  

• uncertainties in geothermal exploration can be significant  

• Crucial to incorporate them in decision making properly 

• Crucial to communicate them transparently to all stakeholders 

 

Quantitative performance tools are key 
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How to achieve transparant framework 

• Evaluate transparant Key Performance Indicators 

• Net Present Value,  Levelized Cost of Energy 

• Evaluate with fastmodels for techno-economic performance 

• Use MC sampling evaluate risk  and upside in reward 
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Levelized Cost of Energy 

Discounted energy produced [MWh,  GJ] 

Discounted cash out [ EUR ] 

 

LCOE = discouted cash-out / discounted energy produced 
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Usage for resource potential project risk 

 

Batini and Van Wees (2010) 

Staged project 

workflow  

Mitigation and 

awareness of risk 

 

Potential estimates 

 NL aquifers 
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The investors perspective 

Definition of risk 

Risk = probability of something * impact  

 

Risk (project) = expected negative income 

 

NPV = POS NPVsucces + (1-POS) AEC   

 

 

Risk = (1-POS) AEC 

 

Reward = NPV = POS NPVsucces + (1-POS) AEC  
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Imaginary prospect (red) with exploration costs 10 mln, 

POS 30%, NPVsucces 40 mln 

Expectation NPV of Prospect 
Risk = 0.7*10 = 7 
Reward = 5 
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Deterministic volume prospect 

Expectation NPV of Prospect 
Risk = 0.7*10 = 7 
Reward = 5 
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A synthetic case with exploration risk for EGS 

Parameter Uncertainty Impact on 

NPV/UTC 

Action 

Sustainable flowrate 80-120 l/s ? Assess rock physics, 

Adapt fraccing 

technology 

Thermal shortcut 

(#fractures) 

1,2 or 3 ? Analyse natural  

fractures, cross well 

seismic 

% inflow from connected 

fracture 

30-50% ? Tracer tests 

Temperature 205-210C ? Temperature models, 

MT 
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Scenario Tree, mixing discrete and continuous 

uncertainties 
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Scenario Tree, mixing discrete and 

continuous uncertainties 
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Scenario Tree, mixing discrete and continuous 

uncertainties 
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How to get Prospect (red) to the 

Efficient Frontier (blue line) 
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Decision and risk engineering, starting point 
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First Step, understand effect of uncertainties 

Parameter Uncertainty Impact on 

NPV/UTC 

Action 

Sustainable flowrate 80-120 l/s ? Assess rock physics, 

Adapt fraccing 

technology 

Thermal shortcut 

(#fractures) 

1,2 or 3 ? Analyse natural  

fractures, cross well 

seismic 

% inflow from connected 

fracture 

30-50% ? Tracer tests 

Temperature 205-210C ? Temperature models, 

MT 
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R2 = 0.0238
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First Step, understand effect of uncertainties 

Parameter Uncertainty Impact on 

NPV/UTC 

Action 

Sustainable flowrate 80-120 l/s 0.626 Assess rock physics, 

Adapt fraccing 

technology 

Thermal shortcut 

(#fractures) 

1,2 or 3 0.672 Analyse natural  

fractures, cross well 

seismic 

% inflow from connected 

fracture 

30-50% -0.307 Tracer tests 

Temperature 205-210C 0.226 Temperature models, 

MT 
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• Staged project flow moves 

prospect (red) to the Efficient 

Frontier (blue line) 
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Mitigating project risk – include public 

acceptance issues and be aware of there high 

impact  
reconaissance surface exploration deep exploration

category parameter uncertainty NPVdistribution uncertainty NPVdistribution uncertainty NPVdistribution

resource characteristic temperature medium high low medium low low

flow rate high high high high low medium

depth medium high low medium low low

volume medium high low medium low low

recovery factor medium medium medium medium low low

chemistry medium high medium high low low

technology energy-conversion costs medium medium medium medium low low

drilling costs medium high medium medium low low

plant costs medium medium medium medium low low

operational costs medium low medium low low low

logistic grid connection costs low low low low low low

access roads and supplies low low low low low low

environmental&social reserved areas medium high medium high medium high

acceptance of exploration high high high high low medium

acceptance of production high high high high medium medium

market energy prices medium high medium high medium high

tax and regulations low medium low medium low medium

Batini and Van Wees (2010) 

Multicriteria 

Score - Ri 
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gate 

Surface 

exploration 
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deep 
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Decision tree - include public acceptance 

probabilities (Pa1,Pa2) 

Batini and Van Wees (2010) 

Ri > treshold 
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Risk-reward plot as function of  Probability of succes of deep (Pd) 

and surface (Ps) exploration 

50 MW, Pa1=1, Pa2=1
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Risk-reward plot demonstrates strong influence 

of Public acceptance probabilities 

50MW, Pa1=0.8, Pa2=0.5

-3

-1

1

3

5

7

9

11

13

15

1 1.5 2 2.5 3 3.5 4

risk -downside [MLN]

N
P

V
 [

M
L

N
] 

- 
re

w
a
rd

 

Pd=0.7

Pd=0.6

Pd=0.5

Pd=0.4

50 MW, Pa1=1, Pa2=1

-3

-1

1

3

5

7

9

11

13

15

1 1.5 2 2.5 3 3.5 4

risk -downside [MLN]

N
P

V
 [

M
L

N
] 

- 
re

w
a
rd

 

Pd=0.7

Pd=0.6

Pd=0.5

Pd=0.4



BRGM 

Monte Amiata- Italy 

Excellent geothermal potential (ca 200 MWe) 

Move towards Zero emission and Low visual impact  
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Conclusions 

Resource potential can be assessed on an economic basis.  

• Access to subsurface data and understanding of critical parameters 

(T, expected Q) is key. 

• Uncertainty has strong impact on potential estimates 

• neglecting upside, results in underevalution of geothermal potential  

 

Risk mitigation in iexploration requires a staged workflow, gradually 

reducing downside and increasing reward  

• Move to the efficient frontier asking the right questions 

• Public acceptance often neglected but, if quantified, clearly 

demonstrates significant impact  
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Thanks for your Attention 

 

 jan_diederik.vanwees@tno.nl  l 


