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Introduction ) &

According to the U.S. Energy Information Administration (EIA) exploration
and production risk is one of the factors responsible for slow development
of EGS resources (http://(www.eia.gov):

= Even in well-characterized resource areas, there is significant exploration and
production risk, which can result in high development costs

= Risk =f(probability) — analogous to uncertainty.

This analysis links uncertainties in physical performance and cost forecasting to
better understand the integrated dynamics between probability, risk, and
economic viability.

The objective is to build a framework to determine the probability of reaching a
given LCOE given a variety of uncertainties and future unknowns:

= Start with a representative EGS Project
= Vary uncertain physical and economic parameters over realistic ranges
= Develop distribution curves of the LCOE
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Approach ) i,

= Representative EGS Project

= Binary power plant
= Plant performance varies as f(production temperature)

Parameter Value Parameter Value
Depth 2500 m Target Power Sales 25 MW
# of Production Wells (incl. confirmation wells) 10 Resource Temperature 180 C
# of Injection Wells 5 Well Separation Distance 500 m
# of Confirmation and Exploration Wells 3 ea. Screened Interval 500 m
Production Well Cost $9,295,048 Pre-heater/Evaporator Pinch Point 5C
Injection Well Cost $11,868,686 Evaporator Pressure 1 MPa
Confirmation Well Cost $11,154,058 Condenser Temperature 40C
Exploration Costs $5,905,380 Turbine Efficiency 85%
Stimulation Cost / Inj. Well $2,000,000 Feedpump Efficiency 75%
Total Brine Mass Flow Rate ~450.0 kg/s Project Lifetime 30 yrs

blue = power plant parameters

= Uncertainty

= Physical = Economic
= Well Costs
= Plant Costs

= Reservoir width _
Reservoir Volume
= # of fractures

* Fracture aperture
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Uncertainty — Physical System )
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Uncertainty — Physical System )
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Uncertainty — Physical System ).
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Uncertainty - Economic ) .

= Begin with default costs as calculated in GETEM
® |ron Ore Monthly Prices — World Bank Commodity Price Data*

= % 5-yr moving average (FYMA) to each months’ price (1960 —
2014)
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Probabilistic Modeling
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Results ) &

= 19% that ending production temperature < minimum
= 29 % LCOE < Base Case (default values, 18.831 ¢/kW-hr)
= Plant and well capital costs: 58% - 66% of LCOE
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Sandia

Comparing LCOE Components T e

= Physical uncertainty contributes more to higher LCOE values
= Economic uncertainty contributes more to lower LCOE values
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Priority Influencers =

= Capital Costs have a strong influence on the LCOE
= Well and Plant costs are the largest % of Capital Costs
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Priority Influencers

Reservoir End Temperature & Hydraulic Drawdown
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Summary )

= QObjective: to build a framework to determine the probability
of reaching a given LCOE given a variety of uncertainties and
future unknowns

= Used probabilistic modeling to produce cumulative
distributions of the LCOE as an integrated function of
uncertainty

= The 3 physical uncertainties (number of fractures, aperture,
and reservoir width) control thermal drawdown and pumping
requirements

= The 2 physical uncertainties control capital costs (and by
extension, O&M costs)

14




Summary )

= Results show that the final LCOE distribution is skewed
towards the high end: 71% probability of doing worse than
the default values

= Physical uncertainties contribute more to higher LCOE values — lower
performance is bounded

= Physical performance is non-linear

= Economic uncertainties contribute more to lower LCOE values

= Most important factors are capital costs and pumping
requirements




Thank You




