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Abstract

Geothermal energy from sedimentary basins has emerging possibilities that speak to both a new future for sedimentary sciences and a new and
important role for sediments in the emerging market for renewable energy. These opportunities, however, are not necessarily linked or limited
to conventional views of geothermal energy extraction. This is the primary finding of the SedHeat initiative. The SedHeat initiative is a
Research Coordination Network funded by the National Science Foundation to explore the potential for sustainable geothermal energy from
sedimentary basins. The network includes over 300 members from academia and industry dedicated to identifying and overcoming the
challenges for economic extraction of geothermal energy from sedimentary basins. The group spans the fields of geology, engineering,
economics, social sciences, and education.

The group has come to some conclusions over the span of its current six years. First, conventional geothermal power extraction is now possible
from sedimentary basins because of new technologies in heat-to-electric conversion. Most conventional geothermal energy depends on flash
steam power, which depends on very high heat levels that are rare in sedimentary basins. The newer Rankin-cycle generators are able to run
fluids with temperatures below 200 degrees Celsius, temperatures more common in sedimentary basins. They can do so at the current margins
of economic viability, and are becoming increasingly competitive. Second, much of the domestic and commercial energy consumed is used to
heat spaces and fluids. Upscaling of direct heating systems to manage large infrastructure from large-flow and deep-basin wells is already
initiating and has promise for future expansion. Third, the Earth is a good battery. Growth of renewables like solar and wind energy are
severely hampered by their intermittent nature. Their future use depends on megawatt-scale energy storage systems that thus far have not
emerged. Coupling of geothermal and solar systems is an encouraging solution. Solar energy is stored in deep sedimentary basins through
injection of water superheated by thermal solar systems. The heat is later retrieved as stored base-load geothermal energy. The marginal lower
heat of most sedimentary-basin geothermal systems is spiked for maximum output. The solar lost to non-demand periods is smoothed into peak
demand times. Two problems with two renewables are solved by linking them together. Each of these options can be applied by expanding
existing technologies. Each addresses the push for carbon-neutral energy and gives sedimentary science a large space to occupy in the
emerging global renewables market. These speaks to a deep relevance of sedimentary basins and sedimentary science in a currently emerging
future.
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Geothermal energy from sedimentary basins has emerging possibilities that speak to both a How Much Heat is there?
new future for sedimentary sciences and a new and important role for sediments in the Read more about the ChaIIenge ;

emerging market for renewable energy. These opportunities however are not necessarily
linked or limited to conventional views of geothermal energy extraction. This is the primary
finding of the SedHeat initiative. The SedHeat initiative is a Research Coordination Network
funded by the National Science Foundation to explore the potential for sustainable
geothermal energy from sedimentary basins. The network includes over 300 members from
academia and industry dedicated to identifying and overcoming the challenges for economic
extraction of geothermal energy from sedimentary basins. The group spans the fields of
geology, engineering, economics, social sciences, and education. The group has come to
some conclusions over the span of its current six years. First, conventional geothermal power
extraction is now possible from sedimentary basins because of new technologies in heat-to-
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electric conversion. Most conventional geothermal energy depends on flash steam power, AN
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Growth of renewables like solar and wind energy are severely hampered by their intermittent
nature. Their future use depends on megawatt-scale energy storage systems that thusfar
h t d Coupling of geotherma| and solar systems i an encouraging solution | Geopressured systems | 71,000 — 170,000 (includes methane) | USGS Circular 726 and 790 |
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The marginal lower heat of most sedimentary-basin geothermal systems is spiked for
maximum output. The solar lost to non-demand periods is smoothed into peak demand
times. Two problems with two renewables are solved by linking them together. Each of these
options can be applied by expanding existing technologies. Each addresses the push for
carbon-neutral energy and gives sedimentary science a large space to occupy in the emerging
global renewables market. These speaks to a deep relevance of sedimentary basins and -
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Typical Injection well at about 100C
Earth Battery Economic Sedheat
0.5 barrels/sec at 150C

(80 I/sec at 150C for SMWe; MIT Panel, 2005)

How Much Power do we use?
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U.S. energy consumption by energy source, 2016

Total = 97.4 quadrillion
British thermal units (Btu) Total = 10.2 quadrillion Btu

geothermal 2%
~ solar 6%
— wind 21%

biomass waste 5%

biofuels 22% biomass
46%

wood 19%

SEDIMENTARY HOT WET ROCKS HOT DRY ROCKS

hydroelectric 24%

Note: Sum of components may not egual 100% because of independent rounding.

Source: U.S. Energy Information Administration. Monthly Energy Review, Table 1.3
and 10.1, April 2017, preliminary data
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Wind and solar dominate growth in renewables—

World net electricity generation from renewable power
trilion kilowatthours porcent share of renowable energy
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The Cost Challenge

Costs vs return means wells must rarely miss and pay of over long periods
Reality #1: geothermal water is a relatively low- C h a | Ie nges !
enthalpy, low-value product compared to oil ﬂd gas — — - _
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Energy Source "Good" Well Flow Rate Energy FIW\%\ ‘alue (S/day per well) A

Geothermal 100 kgis @ $24k @ 10ckWh

Ground Water Mgpmﬂ.’iﬂk%. pump needed $3k @ $1/1000gal

oil 5.@ (16 kg's) 320 MW, $400k @ $80/bbI
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horizontal legs and multi-stage “frac” completions — the fracking costs ~ $5 millic

on top of drilling costs : : Reality #2: the risk-reward equation is challenging when thinking of
= s C.O Rick Allis deep wells (3 = 5 km for high temperature stratigraphic targets);
and geothermal developments need both injection and production
d I I wells. Note Mansure (2011 GRC) recommends using multiplier of 2
H U r e S H to correct from 2003 to 2010.
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Wells > 3 km deep probably cost ~ $7 — 10 million each
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Hydrothermal 2,400 — 9,600 USGS Circular 726 and 790 . .
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Geopressured systems 71,000 — 170,000 (includes methane) USGS Circular 726 and 790
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The Seismic Hazard Challenge

The Water Challen ge The Geothermal Difference? Extraction During Injection

We commonly inject and often extract the needed flow rates of
~0.5 barrels per second already Next Generation Geothermal

: - ) Enhanced Geothermal Systems can produce energy from
Wise County, The Birthplace of the Shale-Gas Revolution! et gt
wiater, this technology uses hot, dry basement
rock to heat water in artificially created
resenvoirs, Most water pumped

out s returned in this / =
closed-loop system. /

Where are the MegaWatt Geothermal Plants?
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U.S. energy consumption by energy source, 2016

Total = 97.4 quadrillion
British thermal units (Btu)

Total = 10.2 quadrillion Btu

geothermal 2%
"= solar 6%
— wind 21%

biomass waste 5%

biofuels 22% biomass

46%

wood 19%

hydroelectric 24%

Note: Sum of components may not egual 100% because of independent rounding.

Source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3
and 10.1, April 2017, preliminary data

World Renewable Use and Projections

Wind and solar dominate growth in renewables—

Worid net electricity generation from renewable power
trilion kilowatthours porcent share of renowable energy

2015

-

gFRRRERFRRE

0
2010 2015 2020 2025 2030 2035 2040 2010 2015 2020 2025 2030 2035 2040

US. Enengy taformation Adeisivrtion PEO20N7 | www.ola goviieo

= Direct Solar Energy 0.1%
/ —]— Ocean Energy 0.002%

Nuclear
Energy 2.0% ——

Wind Energy 0.2%
Hydropower 2.3%
——— Geothermal Energy 0.1%
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Net Elsctricity 0.08
Solar Impers
0.587

Nuclear
5.42

Wind
21

Geothermal
0.23

Natural Gas
28.5

Petroleum
359

Global Consumption: Sector Breakout

World energy is used predominantly for transport,
industry, and buildings.

Total World Energy Consumption, 2008

= 334.5 quads (12.0 BTCE)

Transportation
27%

Industry
28%

/
./‘

Coﬁi'fﬁemgl)/ |
and Public |

Serviees

Note: Chart presents total final energy consumption. Other sectors include agriculture/forestry, fishing, and non-specified.
Source: International Energy Agency, 2008 Energy Balance for the World, accessed 14 July 2011.
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Energy consumption in homes by end uses
guadrillion Btu and percent
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Source: U.S. Energy Information Administration, 2072 Commercial Buildings Energy
Consumption Survey: Energy Usage Summary, Table 5 (March 2016)
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Levelized Costs of Selected Technologies
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Co-Producing From Your Well?

Hydro-Small Scale

What do We [

Geothermal-Binary

P ay for Solar-Concentrating PV
P OW e r? Advanced Nuclear

Rankin cycle turbines can produce heat economically from wast heat from wells. There are a lot of wells.

- : Karogen = Diagenesis
The Opportunity —_—
Co-Produced Water from Existing Wells I

binary geathermal
power plants

HC generation

s 1.2M-1.5M active &

107080 | inactive wells in Texas alone
B 0. — USGS has characterized
NS 17,000 wells above 200°F
and on the way to 25,000

before year’s end.

* MHeat Flow Database
® Geothermal Database

* Equilibrium Logs

7.46-11.56

Bl heating & coaling
& water heating

beeet sugar
evapaoration
& pulp drying

SedHeat: Gone from Maybe for Dollars to Surely for Pennies

823,000 active oil & gas wells in the U.S.
3 million GPM of hot water in top 8 states

3GW power at 212°F

Sources: The Future of Geothermal Energy - 2006 MIT Report
U.S. Energy Information Administration - 2008

300 °F
{148 °c)

wialar temperabne

Source: Gecthermsal Education Office, Tiburon, Califomia *

h‘h 19.78‘-‘2#37
https://www.eia.gov/electricity/state/
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well 4. Injected beine 5. Injected fluid 6. Od

Electricity from Heat
Turbines - The Reigning Champs
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Rankine Cycle for Geothermal Power Plant

Dry steam power plant

Flash steam power plant  .5ine

|
flash tank |

/ \ S steam |

] .\ N == ¢

steam rising % / ) \ _ 3 b ‘
r} =5 e | hot water 3 =

|-

cooled water

electrical generator Al

The Green Machine

Circulating Fluid BEnary (_)rganicA Example
Circulating Fluid (You can Buy Thls)

Electric
Generator(s)

< 50.10/kwh From <100 C

Col?iNesf"‘
3 Phase

Cool The Organic Rankine Cycle (ORC) technology used in the Green Machine is demonstrated in the
ooling

visual graph below:

Refrigerant - Honeywell R245FA - Charge (lbs): 700 Ibs.

Expander - 75% Expansion Efficiency

Electric Generator - Marathon Prime Line Efficiency 91%

System Efficiencies - 6% - 10% (Resource temperature dependent)
Basic Cycle - Organic Rankine Cycle (ORC) Twin Screw

Pump
Condenser

The Low-Heat Challenger

Evaporator
Conductive Grout ’

>

HEAT IN

HeatNest™

Geothermal Zone
Heat Exchanger “Heat Reservoir"

© 2011 Encyclopadia Britannica, Inc.
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The Sustainable Energy Problem Solved?

A bold new direction for geothermal is using intermittent solar
energy to spike heat in any of the many sedimentary with
marginal heat resources by spiking heat of injectors with
intermittent solar energy. The stored heat is then used to
generate power from geothermal pumping. This ultimately turns
intermittent solar energy into more useable baseload energy.

So Why Does Storage Matter?

California Power

GOAL
12,000 MW

A Solar Wind With no Sign of Slowing

)
£
o
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w
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440 MW

W 2017

First California RPS established 2018
(20% by 2017) RPS increased
2008 o 50% by 2030
RPS increasad to 20% by 2010 2011
CS! Initiated Global Warming Solutions Act of 2006 RPS increased 10 33% by 2020

ONLINE
10,520 MW

The “Duck” Dilemma

Figure 7: Average Hourly Net Load in California ISO on 5/1 617"

N
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Megawatts

000 b
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«=g==Total Load

st ToOtal Load, less Wind and Solar Time of Day

Source: http://content.caiso.com/green/renewrpt/20170516_DailyRenewablesWatch.pdf

Figure 8: Hourly Average Breakdown of Total Production by Resource Type on 5/1 6117™ r = n

Megawatts

° 10 11 12 13

Time of Day

B Wind 10 MW

John Holbrook, Texas Christian University, Dept. of Geological Sciences and Energy Institute __TCU— y
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Geothermal as Power Storage
an d t h e Wa y F orwar d Convert your Wastewater to a -

Power Plant? 2 —i 1
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The Opportunity W : Earth Battery Economic Sedheat
Co-Produced Water from Existing Wells 0 e — e 0.5 barrels/sec at 150C
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1.2M-1.5M active & rom the B

inactive wells in Texas alone
—USGS has characterized

12,000 wells above 200°F
and on the way to 25,000
before year’s end.

power F

Coupled
e Geothermal Solar Base Load!!

3 million GPM of hot water in top 8 states Sys te m S ?

1. Dsposal well 2. Enhanced ol recovery 3. Production
well 4, Injected brine 5. Injected fluid 6. 0d

3GW power at 212°F

Sources: The Future of Geothermal Energy - 2006 MIT Report
LS. Energy Information Administration - 2008

The Hybrid Plant Model Who’s Working on This?
Stillwater Plant, Fallon, NV

EGL Ung .+ of Utah Ohio University
niversi
= ; O1VCISID/AUIE ] - &% and JPL
= Geotherrfnlall Bvattery Engrgy Storage | N Earth Battery
Solar thermally heated water is injected into a temperature-wise ‘weak’ geothermal reservoir when
Incubator

the sun shines. Geothermal produced electricity becomes economically viable from the heated
reservoir. Solar-thermal and naturally occurring earth heat are extracted to produce electricity
Workshop

when the sun is not shining. Either “huff-and-puff” or continuous flow systems will be considered.

;x\;‘ i >

Geothetinal Plé

-~

“,.w*"/ Energy Storage in ‘
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N Ry m Geothermal
Ny % Resources
oy (or salt cavern) August 15-16, 2016 |

Columbus, OH
CO,-Geothermal Bulk Energy Storage System Jeff Bielicki and

PRo pue. 7700
RONIEETIO) weer,

weee Buscheck, T., Bielicki, J., et al. (2016). “Multi-Fluid Geo-Energy

DAY TINE AT IME

Systems: Using Geologic CO, Storage for Geothermal Energy Tom Buscheck
Production and Grid-Scale Energy Storage in Sedimentary
Basins.” Geosphere, 12(3), 1-19.






