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High Energy Density Free Fuel Low Cost



Drill an
B A injection well

S Drill production
R wells into reservoir
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.Clrculate water thrc‘)ugn';
the hot rock backto =
surface to spin turbines
and generate electricity

Creating an
- Enhanced Geothermal System (EGS)
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Energy per Well

Shale Gas Conventional
Typical Haynesville Geothermal

Current EGS

3 km 2Kkm
230°C
10 MWe 7 MWe

3-5 km
<200°C

<5 MWe

40-50 MWe
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EGS can meet the market if we go
and

to directly tap the heat source

Temperature =,400°C .- 2 Depth > 10 km e
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evelized Cost of Electricity (5/MW-hr)

Super Hot EGS
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Onshore wind

EGS today

Advanced Nuclear

Solar PV + Storage 161
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< |celand Deep
' Drilling Project-2

2016 reached
5425°C at 4.5 km
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The International Race to Super Hot Rock is On!
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The path to Global
Penetration

Assemble the dream team.
Innovate required breakthroughs.
Install successful demonstration site.

Iterate!!

Go deeper and hotter as needed.




sl

o
V| %
Improvement Advanced
in drilling well construction
equipment, NEICHES
instrumentation
. and techniques
T at >400°C
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Reservoir
creation
techniques
in super hot rock
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{ _Innovations needed: Depth
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Well completion

oy techniques and materials

? to economically reach
10-20 km
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Next generation
drilling equipment
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6 GW at Newberry Super Hot EG

Volcano will power in 8 western

states at depths

less than 6 km

W
SN g

Expand Super Hot EGS
when advanced drilling
technology ready toidrill
to >10 km WA

Balance
Intermittent
renewable —
generation *
using Thermal
Energy Storage / .
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Newberry Volcano
Visitor's Center

Balancing
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Geo+PV+TES System Layout

High pressure,
supercritical
steam at around
375°C from well

SuperHot Wells

Y

TES
(Thermal Energy
Storage) —
Superheats Steam

TES Charging
Loop

Condensate
Return
(condenser not
shown)

Supercritical
Steam Turbine

Behind the fence charging
from PV System or geo
plant



Improving Efficiency with
Supercritical CO2

CRITICAL POINT

304° K =31"C=88°"F

83.8 bar = 8.38 Mpa
= 1,070 psi

1,000
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Low viscosity means lower
pressure drop in the
reservoir

Numerical modeling studies showed that it is almost impossible to
CO2 dissolves reservoir rock

improving permeability

completely dry out the reservoir
Corrosion is an issue with wet CO2.

Corrosion rates of steels significantly decreased with increasing
temperature ‘
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Dependable Flexible 167 worldipop. ati<10 km
95% available Peaking available  81%world pop. at <20 km
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High En§rgy Density Free Fuel Low Cost
100 MW/km? 400°C fluid $46/MW-hr
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