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Disclaimer

“This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty express or imply, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe on privately owned rights.
Reference herein to any specific commercial product, process or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.”
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Overview

Find optimized working
fluid/advanced cycle combination
for EGS applications

Tradeoff between well cost &
power conversion unit cost

3 Phases:

1. Technical analysis

2. Techno-economic analysis
3. Build Pilot ORC
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Fluid Screening

Screening criteria:

T ot < ambient temperature

T iticq > AMbient temperature

Tooi < 350 °C

Global Warming Potential < 150
Low to no Ozone Depletion Potential
Low toxicity

Ranking criteria:

* High density

* High thermal conductivity

* High molecular weight

* Number of atoms per molecule

17,000+ available = 35 high-potential
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Supercrltlcal ORC
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Cycle Optimization
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Supercritical Cycle: Benefits and
Challenges

Benefits: Challenges:

» Better match between « High pressures required
resource cooling curve &
working fluid heating
curve

* High pressure ratio in
expander

. Use existing expander » Supercritical heat transfer

technology « Uncertainty of properties in

. Single primary heat supercritical region

exchanger
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Net Power vs. Resource Temperature

Supercritical Cycle
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Net Plant Power Incredse vs. Baseline

Net Plant Power Incredse vs. Baseline

Comparison with Baseline Cycles

Subcritical R134a

300

250

200

150

[%]

100

50

250

200

150

100

[%]

50

0

-50

imagination at work

== Subcritical

—@— Supercritical

=== Trilateral

Resource Temperature

Subcritical n-Pentane

—4—Subcritical

- Supercritical [
—i—Trilateral

N

A

N

Resource Temperature

Net Plant Power Incredse vs. Baseline

Net Plant Power Incredse vs. Baseline

[%]

150
130
110
90
70
50
30
10
-10

80

60

Subcritical R245fa

\ —4—Subcritical
\ —@—Supercritical
\.\ —a—Trilateral

Resource Temperature

Subcritical Isobutane

=—4—Subcritical
= Supercritical
—i—Trilateral

Resource Temperature

Outperform current standard cycles & fluids

10
Supercritical ORC for EGS
6/13/2011




summary

« Down-selected 35 high-potential fluids (from 17,000+)

« Compared performance of high potential working fluid /
advanced cycle combinations

» No single best fluid for all resource temperatures

» Outperform standard cycles on market
* Next phases:

» Economic analysis & comparison

> Pilot ORC
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Thank you.




