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Cautionary Statement
The work presented here was completed by the author as an academic exercise in
partial fulfillment of the requirements for MIT course IDS.330 and are not endorsed
by any professional company, organization, or working group.

Information included in the models is based on publicly available data. Model
inputs were determined from primary sources or selected as a best educated guess
by the author when no suitable information source could be identified.

Although referenced directly in the report, neither Cyrq Energy nor Climeon was
directly consulted on the content. Conclusions drawn within this report should not
be considered a professional recommendation, but simply a hypothetical analysis
for the purposes of educational training.
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Lightning Dock History
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1948 – Agricultural well struck boiling water at 26.5 m depth
1977 – AMAX Exploration drilled 58 wells as part of an 

exploration campaign.
1977 – Burgett Geothermal Greenhouses, Inc. began 

operating with direct use of geothermal waters.
1982 – Burgett installed 40 kW and 100 kW plants, which 

failed after installation. Tried again with other 
designs in 1995 and 2008. 

1986 – Lightning Dock Geothermal, Inc. obtained lease to 
develop a power plant.

2013 – Cyrq Energy (post-acquisition) brought 4 MW plant 
online and formed a power purchase agreement 
(PPA) with Public Services of New Mexico (PNM).

2018 – Turboden repowered Lightning Dock, increasing 
commercial capacity to 10 MW.

From Fig 1 in (Crowell and Crowell, 2014)
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Geothermal in NM: Renewable Portfolio Standard (RPS)
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https://www.pnm.com/geothermalhttp://www.nmprc.state.nm.us/utilities/renewable-energy.html
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Infographic from U.S. Dept of Energy: 
energy.gov/sites/default/files/2015/04/f22/EGS%20Infographic_0.pdf

Enhanced Geothermal Systems (EGS)

Figure 3.2 in (Tester and Herzog, 1990)
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Binary Cycle Power Plants
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Image from U.S. Dept of Energy
energy.gov/eere/geothermal/electricity-generation

• Primary fluid produced from the
subsurface.

• Heat exchange between primary and
secondary fluid with a low boiling point.

• Secondary fluid flashes to vapor and
drives the turbines.

• Typically used for moderate to low
temperature geothermal (≤180℃).
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Modular Concepts

Image from https://climeon.com/geothermal-plants

Image from Slide 15 of Climeon 2018 IGC presentation deck
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• Climeon offers a compact binary
cycle geothermal unit (HP150).

• Units cluster to form a Power Block.
• Power Blocks can be independently

installed to build a larger-capacity
aggregate facility.
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Deterministic Case

30 years

• Excel-based model for NPV calculation
• NPV (discount rate = 9%) components:

• Income = electricity generated times PPA
pricing (kWh*$/kWh)

• CAPEX = wells + power plant + fluid
distribution + stimulation + exploration

• OPEX = power plant O&M + field O&M +
water O&M + labor

• Assumes a 30-year life span
• Assumes a 50% above wholesale electricity

price for power purchase agreement (PPA)
• Similar to current value of Cyrq/PNM PPA
• Can be easily adjusted on cover sheet

with alternate values
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Thermal Drawdown

Electricity $ ChangeKey Uncertainties
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Sensitivity testing to determine variable importances for the model results

Drilling Costs

Geothermal Gradient

Probability density
functions (pdfs) for
value sampling
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EIA STEO Forecast

Step Change

• Price step change inserted on a random date (uniform
selection) and magnitude sampled from PDF

• Volatility added by sampling from normal distribution
determined from forecast and confidence intervals.

EIA STEO Forecast
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Uncertainties
• Drilling & completions costs
• Pricing (future step change)
• Thermal drawdown rate
• Geothermal gradient

Flexibilities
• None

Deterministic NPV

$0

Deterministic NPV
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Base Case Statistics N=2000
ENPV -$4.0MM
STD(NPV) $8.7MM
P05 NPV -$19.8MM
P50 NPV -$2.3MM
P95 NPV $6.6MM
% Difference from NPVDet -207%

NO FLEXIBILITY



Redevelop Only 
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Uncertainties
• Same as Base Case

Flexibilities
• Redrill after 13℃ thermal drawdown.

Temperature gets reset for primary fluid
entering plant.
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$0

Deterministic NPV

Deterministic NPV
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Redevelop Only Statistics N=2000
ENPV -$1.8MM
STD(NPV) $6.5MM
P05 NPV -$14.3MM
P50 NPV -$0.7MM
P95 NPV $6.5MM
% Difference from NPVDet -150%

REDRILL
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Uncertainties
• Same as Base Case

Flexibilities
• Redrill after 13℃ drawdown.
• Increase capacity 25% if prices up ≥20%

compared to time of PPA signing.
• PPA rate “renegotiated” with  each

capacity increase.

Redevelop and Grow
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Deterministic NPV

$0

Deterministic NPV
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Redevelop Grow Statistics N=2000
ENPV $9.7MM
STD(NPV) $10.3MM
P05 NPV -$6.6MM
P50 NPV $9.4MM
P95 NPV $27.0MM
% Difference from NPVDet 162%

REDRILL
BUILD
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Full Flexibility
Uncertainties

• Same as Base Case
Flexibilities

• Redrill after 13℃ drawdown.
• Increase capacity 25% if prices up ≥20%

compared to time of PPA signing.
• Shut down 25% of modules if prices

suddenly drop by ≥20%.
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Deterministic NPV

$0

Deterministic NPV
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Full Flexibility Statistics N=2000
ENPV $8.2MM
STD(NPV) $10.3MM
P05 NPV -$8.8MM
P50 NPV $8.1MM
P95 NPV $25.2MM
% Difference from NPVDet 121%

REDRILL
BUILD

SHRINK



Key Insights
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• Redevelop and Grow
case dominates all
other scenarios.
Best model.

• Full Flexibility less
attractive likely due to
the loss of income as
modules taken offline.
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Sensitivity Test for Full Flexibility Case
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50%

• Increasing reduction amount (RA) leads to greater
downside risk and lower ENPV.

• Redevelop and Grow scenario is the natural limit as RF→0.

Poorer results as 
more modules are 

taken offline at a time
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General Parameters

Contract rate over wholesale 50%

Drilling learning rate 6%

Discount rate 9%

Price trigger for flexibility 20%

Expansion amount 25%

Reduction amount 50%

Results get worse



10%

Crossover of 
target curves!

General Parameters

Contract rate over wholesale 50%

Drilling learning rate 6%

Discount rate 9%

Price trigger for flexibility 20%

Expansion amount 25%

Reduction amount 10%

Sensitivity Test for Full Flexibility Case
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• Decreasing reduction amount (RA) reveals a window
where downside risk is lower and ENPV is maximized.

• Full Flexibility with RA=10% is the preferred model.
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25%

Results reversal!



Learnings and Recommendation

• Deterministic model overpredicts NPV compared to the Base Case Monte Carlo model (Flaw of
Averages). The deterministic predicted profit nearly matches the Base Case predicted loss.

• Base Case scenario has significant downside with >60% of modeled realizations ending in losses.

• Redevelop Only scenario limits downside risk. ~56% of model realizations still result in a net loss,
but the losses are not as extreme as in the Base Case.

• Redevelop and Grow scenario significantly improves upside capture by increasing capacity and
renegotiating PPAs when electricity prices surge. Also reduces downside risk and has an ENPV of
just under $10MM.

• Full Flexibility scenario performs worse than Redevelop and Grow when 25%+ of existing power
plant modules are shut down in response to a downturn in electricity prices. 10% reduction
produces the recommended model with twice the ENPV of the deterministic case and the least
downside risk among all scenarios. This model correctly balances cost savings of lower O&M
expenses with income loss from reduced capacity.
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