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Background & Lead up to Geothermal Power Systems

= Research in high-temperature sCO2 power cycles (up to 715°C)
» sCO2 natural convection research for cleaning processes

" Internally-funded research program: CO?2 natural convection cycles for power gen
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Background & Lead up to Geothermal Power Systems

— Turbine development
— Cycle development
— Compressor development

STEP Pilot Plant (10 MW net)
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Background & Lead up to Geothermal Power Systems

» sCO2 natural convection research for cleaning processes
— five SwRI-owned patents issued from 1995-2004
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https://doi.org/10.1016/j.jclepro.2015.01.014
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Background & Lead up to Geothermal Power Systems

» Research in high-temperature sCO2 power cycles (up to 715°C)
* sCO2 natural convection research for cleaning processes
" Internally-funded research program: CO?2 natural convection cycles for power gen
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Background & Lead up to Geothermal Power Systems

= Research in high-temperature sCO2 power cycles (up to 715°C)

» sCO2 natural convection research for cleaning processes

" Internally-funded research program: CO?2 natural convection cycles for power gen

80 MWth 4 MWth Data 45 MWth Data

Geothermal Center Center
Mass Flow kals 230 18 205
Inlet
Temperature °C 210 76.25 76.24
Pressure MPa 20 8.55 8.55
Enthalpy kJ/kg 611.51 480.14 480.12
Entropy kJ/kg-K 2.08 1.89 1.89
Exit
Temperature °C 133.73 75.80 75.79
Pressure MPa 8.5 8.5 8.5
Enthalpy kJ/kg 559.71 479.93 479.92
Entropy kJ/kg-K 2.08 1.89 1.89
Assumed Efficiency 0.85 0.75 0.75
Power kw 11915.3 3.7 42.5
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Background & Lead up to Geothermal Power Systems

» Research in high-temperature sCO2 power cycles (up to 715°C)
* sCO2 natural convection research for cleaning processes

" Internally-funded research program: CO?2 natural convection cycles for power gen
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Commercial Geothermal Power Cycle Development

" Power cycle studies, cooler design studies, turbine 58,000,000 so0%
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3MW Power Turbine

HS Bearing Case
HS Gearbox

sCO2 Turbine Pressure Case Generator Lube Oil Skid

| MWth sCO2 Heater

sCO2 Compressor

Instrumentation &
Controls Cabinet
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The Boring (but Important) Things

* Power cycle dependent on fluid temperature
at surface, not formation temperature -<_-:

T = 306°F
P = 3200 psi

assuming pure CO2
T = 345°F
P = 5030 psi

» Thermal Resource Ay = 10,000 ft

350°F
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The Boring (but Important) Things

* Power cycle dependent on fluid temperature
at surface, not formation temperature

» Cooling parasitic & footprint
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80 MWth 20 MW

a

COP =35
Fan power = 2.3 MWe

~22,000 sq. ft.
(~8 football fields)

» Thermal Resource

20% thermal
efficiency
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The Boring (but Important) Things

* Power cycle dependent on fluid temperature

at surface, not formation temperature :
* Cooling parasitic & footprint -'_-'7

®» Plant considerations:

Higher ambient

— Off-design plant control / inventory temperature —
management * Reduced mass flow
(thermosiphon)

* Increased compressor

— Plant adjustment as the well temperature power (binary)

depletes

— Transients / part load / maintenance

" Well control: similar risks to sequestration,
leak detection

» Thermal Resource
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Application Space

" Hot dry rock, closed loop cycle, semi-closed loop cycle, binary cycles, pumped hydro

== =

Thermosiphon Compressed, closed loop

Binary system

—>  Thermal Resource — — Thermal Resource —_— —> Thermal Resource —_—

® Geothermal Energy Machinery and Systems Workshop MECHANICAL ENGINEERING
©SOUTHWEST RESEARCH INSTITUTE Swri 'org




Current Geothermal Efforts at SwRI

" Internally funded project — Geothermal Power in Texas (w/ UT Austin)
— Wilcox / Eagle Ford / Austin Chalk Play

— Considering different cycle architectures & working fluids for geothermal power based

on the subsurface conditions

— Downselect >> machinery sizing & conceptual design

— Technoeconomic analysis
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Thank you.
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