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What is Geothermal?
* Near ambient

Use relatively constant

Geothermal Heat temperature of the J([S%Fjggir;res

Pumps/ earth as heat « Shallow depths -
ot P " commercialresdenta  enches to wels
Heat Pumps hundreds of feet

| heating and cooling .

Use thermal energy
(heat) from the earth ¢ Moderate

e O e o directly for temperatures
SRR e | Direct Use heating/cooling (100-300°F)

Geothermal buildings, * Wells hundreds to

greenhouses, thousands of feet

aquaculture, pools, deep

spas, etc.

* High temperatures
(>300°F)

Geothermal Power  Use thermal energy e Wells hundreds to
(Electricity (heat) from the earth thousands of feet
Generation) to generate electricity deep

* Baseload generation
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GEOTHERMAL OPPORTUNITIES

Conventional Unconventional
Low-Temperature Enhanced
Hvdroth 1
ycdrotherma and Direct Use Geothermal
Resources
Resources Systems

100’s MWe — GWe,

. 10’s of GW
Potential s on e Huge (~100’s GWt) 100°s of GWe
(Gigawatt electric) .
thermal potential
E :
Exploration, ducation, Reservoir Creation,
Key L Infrastructure, .
Permitting, Demonstration and Drilling, Scale Up,
Challenges Financing Reservoir Management
Scale Up
e H
Strategi Identify New Sites, IE :rl:zx;‘:fﬁb ef‘;;l Expand Existing Fields,
rate€gleS  promote Sector Growth . Develop Replicable Site

Energy, Engage O&G
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Typical Geothermal Power Plant

Water vapor from

i cooling facilit
Electricity d y

/ K Hot fluid is extracted
Power Plant 1 from the reservoir to
Fluid is recycled into the produce power

reservoir through the Sy A
\J injection well
D

Surface water seeps through
layers of rock and sedlment

\\./ R
p W fi\l\\ |

\El Naturallm rock combmed with temperature

at depth allow fluid to circulate
\\\——7 and heat up

Hot fluid (water, . .
steam, or both) Fluid passed through Fluid (usually) re-
produce(,i from wells - power plant to - injected back into

drilled into ground generate electricity ground
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Historic Generation and Capacity
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« U.S. installed capacity: 3,187 MW (4/2013), the largest in world

» |Installed US geothermal power capacity grew 5% in 2012, 147 MW in new
capacity added and 175 additional projects under development
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Current Installed and Planned Capacity

Geothermal Power Generation
Current and Planned Nameplate Capacity (MW) by State
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Geothermal Power - Advantages

* Renewable/Low-Carbon Intensity

* Baseload — 24 /7 operation
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Roosevelt Hot Springs, Utal

Photos Courtesy James Faulds, NBMG
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U.S. Geothermal Resource Potential

Resource Potential

A
1000 GWe —+ Source: Williams et al. (2008). USGS, g 3 Y
“Assessment of Moderate- and High- Washington SxE = Mdatans
Temperature Geothermal Resdurces of thg % .
United States,”
http:/ /pubs.usgs.gov/2008 /3082,
Wyoming
100 GWe +
S
10 GWe +
Geothermal
In- to Near-Field Il
EGS Geopress " |
Identified % e
Hydrothermal = Jﬁ
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Increasing Challenge
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Hydrothermal Plant - “Typical” Cost Breakdown

* Installed capital

Pre-Survey Geophysical
cost: $4,000- 1.0% s J Exploration _-Exploration
tart- i
e L.COE: 6-12 Transmission _ £ 70
cents/kWh 8.2%
* C(Capital costs
mostly split Planning/
o Feasibility
between drilling
Study
and power plant 3 6%

* Exploration costs
relatively small

Adapted From ESMAP, 2012 Geothermal handbook: Planning and Financing Power Generation
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Development Risk

“Typical” exploration phases for one successful hydrothermal
project

Evaluate 6 potential sites

Exploration drilling
at 5 sites

Confirmation
well drilling
at 2 sites

1
Successful
Proigct
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Risk

Adapted from ESMAP, 2012 Geothermal Handbook: Planning and Financing Power Generation

Development
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Renewable Energy Incentives

* Most incentives (ex.,
PTC/ITC) have short

time frames 14,000 |

Impact of PTC Expiration on Annual U.S. Wind Installations

PTC Explration
& Extension

12000 4 I
* Incentive time frames

don’t address long
development time
frames for geothermal

(5-7 years)

&p00 | E Mt eanshsn
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Enhanced Geothermal Systems (EGYS)

* Such systems require
increasing permeability
by stimulating
fracturing and shearing
of fractures through
fluid injection

* Fluid circulated
between injection and
production wells to
capture and extract heat
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High Potential Impact of EGS

U.S. Geothermal Resource Potential

A
1000GWe T Direct use offers significant

additional potential by taking

advantage of thermal energy

in all geologic settings

EGS
B
c
1]
° Greenfield EGS
a
L
U
T
|
g Sedimentary
e 10GWe +
In- to Near-Field Conventional
EGS Geopressured Hydrothermal
Identified Other
Hydrothermal -
9 GWe Co-Produced
Adapted from Chad Augustine, NREL
All numbers quoted come from the
1 GWe —+ USGS 2008 Resource Assessment
L.

Increasing Challenge
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EGS Resources — Where can they be

Key aspects of
geothermal systems

* Elevated temperature

e Permeable flow
pathways

* Benign fluid to extract
heat

Key EGS challenges

e Reservoir access
(drilling)
e Reservoir

characterization
(subsurface imaging)

e Reservoir creation
(stimulation)

developed?

Geothermal Resource of the United States

Locations of Identified :Iéldrothermal Sites and
Favorability of Deep Enhanced Geothermal Systems (EGS)

Favorability of Deep EGS

Most Favorable
Least Favorable
= nA*

1 No Data** I"‘.
« Identified Hydrothermal Site (= 90°C) =4

his ma s produced by the National Renewable
October 13, 2009 Author: Billy J. Roberts

Energy Laboratory for the US Department of Energy.

wwwwww

1ure at depth from 3 1o

10 km provided by
Southern Methodist

University Geothermal

Laboratory (Blackwell & Richards,
2000) and analyses (for regions with
temperatures =150°C) perfonmed by

NREL {2009).

Moderate- and High-Temperature
Geothermal Resources of the United

States (2008).

**"N/A" regions have temperatures

RENEWABLE ENERGY LABORATORY
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EGS Field Observatory

Creating and Optimizing Reservoirs

Addressing Barriers:

High Cost of Drilling

Subsurface
Characterization

Creating a Reservoir

Sustained Reservoir
Production

Risk Management &
Mitigation

400027 —000'9

@ Faster, More Efficient Drilling Technologies

e e ™
e o
. ]

|

2,000 - 6,000 ft.

O seismic Modeling, Monitoring & Protocols
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Resource Potentlal Summary

Source: Porro et al., GRC, 2012
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Resource Potential — Co-Produced

A
* NREL built
1000GWe +  Direct use offcrs database of 2.5
additional pote! million oil and
advantage of th¢ . gaswellsfrom
in all geologic s¢1 mmm 32 states
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>
-
% >edimentary
(a 10 GWe
In- to Near-Field T Conventional
Geopressured Hydrothermal
Identified - Other
Hydrothermal
9 GWe Co-Produced
Adapted from Chad Augustine, NREL
All numbers quoted come from the
1 GWe + USGS 2008 Resource Assessment

>

Increasing Challenge

.V WestVirginiaUniversity

Department of Chemical Engineering



Resource Potential - Geopressured
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Need for Energy at Low Temperature

Low-temperature, direct-use Residential 1
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Direct-Use Energy Brief

Piping networks deliver heating or cooling
streams to consumers

15t gen District Heating (DH): steam
2"d and 3" gen DH: hot water
4t gen DH: low temperature
fluid, ~55°C
4t gen DH enable

penetration of
renewable sources

Higher utilization
efficiencies than
electricity production

INTERNATIONAL 37
@ DISTRICT ENERGY @ G"e%"
ASSOCIATION %, J Hydro..

nd Su??w
“cﬁ“ IMAGE COURTESY OF INTERNATIONAL DISTRICT ENERGY ASSOCIATION
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District Energy Systems in the US

Over 800 district
energy systems
in the United
States
Operating in the
US for over 100

years

Serving more
than 4.3 billion
ft> of building
space

WOT TORACALE

L International (Nstricf Fmergy Association, AU Rights Brserved,

U.S. District Energy Systems 2009

5 INTERMATICMN AL
g DISTRICT EMERCY
# ASHUICTATN
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Resource Potential

1000 GWe T

100 GWe -t

10 GWe —+

1 GWe +

Resource Potential — Low-T

Direct use offers significant

additional potential by taking
advantage of thermal energy
in all geologic settings

EGS
100-500+ GWe

Greenfield EGS
Sedimentary
In- to Near-Field T Conventional
EGS Geopressured Hydrothermal
Identified - Other
Hydrothermal
9 GWe Co-Produced
Adapted from Chad Augustine, NREL

All numbers quoted come from the
USGS 2008 Resource Assessment

>

Increasing Challenge
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Direct Use Geothermal Worldwide

14000
Direct uses include: : 12612
« heating of pools and spas 2010 Direct Use
12000 + | « greenhouses and aquaculture facilities World: 50,583 MW,
* space and district heating US: 12.612 MW
« snow melting S L

10000 71, agricultural drying

e industrial applications
» ground-source heat pumps

8898

8000 -

6000 -

4460

4077

4000 3300 3422

2000

Installed Geothermal Capacity (MW,,)
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Direct-Use Geothermal Usage in the US

Temperature above 212°F (100°C)

- (Electric Power & Direct Use)
Temperature below 212°F (100°C)
Geothermal District Heating (Direct Use)
System Area suitable for Geothermal Heat

Pumps (Entire U.S.)

U.S. Geothermal district heating systems (from Richter, 2007)

Agricultural Drying
6%

Greenhouse Heating
16%

Space Heating

37%
Other

1%

Bathing and
Swimming
18%

Fish Farming
22%

Geothermal direct-use in the U.S. 2004 (data
from Lund, 2005)
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Boise, ID

* Largest of 17 US geothermal district heating systems
* First system installed in 1892

* Four systems currently operating

— Boise Public Works — downtown core area

* 170°F (77°C), 65 customers, 1.8 million ft* including: City
Hall, Ada County Courthouse, Idaho Water Center, Boise

High School and YMCA
— State of Idaho — State Capital and Capital Mall
complex

* 165°F (74°C), 9 buildings in the Capitol Mall complex,
including the State Capitol (Neely, 1994). Currently, the
system is used to heat about 1.5 million ft?

— Veterans Administration — VA campus
* 400,000 ft* in 22 buildings on the VA grounds

— Boise Warm Springs Water District — residential
hot water

e 176°F (80°C), Original system installed in 1892 **L...m i, s

T o AL Th

Photo credits: Idaho Capital Commission (top), Idaho Governor’s Office of Energy
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Geothermal Potential near Boise, ID
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Geothermal Potential in the East
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AAAS.ORG | FEEDBACK | HELP | LIBRARIANS

ALERTS | ACCESS R

l‘ms NEWS SCIENCEJOURNALS CAREERS BLOGS & COMMUNITIES MULTIMEDIA COLLECTIONS

News Home  ScjonceNOW ~— Sciencelnsider  Premium Content from Science  About Science News

Home > News > ScienceMOW > October 2010 = West Virginia Is a Geothermal Hot Spot
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Science |NOW| vp 10 THE MINUTE NEWS FROM SCIENCE S

West Virginia Is a Geothermal Hot Spot

} TWO-DIMENSIONAL by Eli Kintisch on 4 October 2010, 5:02 PM | Permanent Link | 5 Comments

CRY STAL CLAIMS
PHY SICS NOBEL

b WEST VIRGINIA IS A
GEOTHERMAL HOT SPOT

i TWOFER FOR THE
BIGGEST BIOTERROR
THREATS?

i IVF PIONEER WINS

PREVIOUS ARTICLE NEXT ARTICLE

ENLARGE IMAGE

MEDICINE NOBEL Geothermal E
Resource: WV GeothermallResource o

» A TURN-ON FOR Tomperaturs fes o
CATALYSTS at depth: :

¥ WHALE SNOT, FRUIT BAT 6:5/km

FELLATIO TAKE HOME Hot or not? A new map of underground

THIS YEAR'S IG NOBELS las, temperatures suggests that West Virginia
has great potential for geothermal
W Article Archives energy-

Credit: Source: Southern Methodist
ant, University and Google.org

¥ Y T e e
.Stem Cell Injynction | {ENeK
'a 0 °C
e Mllannaa Ve i Db 0 # one had bothered to map. Those data were
- pment, but the readings were artificially low



Targets of Opportunity for Direct Use in West Virginia
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WVU Case Study
¢ Mw MW, Cost ($/MMBtu,,

* AspenPlus models of the heating distribution system and 16.24 9.93 11.70~12.72
. 1y 16.24 9.93 8.46~9.50
absorption chilling system constructed and analyzed. 608 0.03 S 063

He, X., Anderson, B.]., "Low-Temperature Geothermal Resources for District Heating: An Energy-

Economic Model of West Virginia University Case Study," SGW, 2012, SGP-TR-194 Case 1: Full costs, complete retrofit, no tax breaks

Case 2: Public entity bond rates, tax incentives

4 o Case 3: Lower retrofit costs, using hot water not
HAN HALL HGRE HSAGB HPHZ HNCEMR HURCC By HLBRY steam
Wiest Virginia Geothermal
10 (2] [2]

45kmdepth /

Aspen Plus model of full steam network
and absorption chilling system

HERB

S EEl %

3D Model of utility infrastructure
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* CO, stored in deep geothermal
reservoirs may have many advantages
over other alternatives for CO,
sequestration, such as

— shallow saline aquifers
— coal seams
— depleted oil and gas reservoirs

* 'The energy produced from the
geothermal system will help offset the
parasitic losses associated with CO,
capture, separation, and pressurization
requirements for both power
generation and fuel processing
operations

However, there are many
fundamental science
issues to be overcome

£
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Geothermal Combined Heat and Power

* Unterhaching geothermal plant near Munich, Germany
— Located in the Bavarian Molasse Basin (similar geologic setting as the Eastern US)
— Low-temperature (122°C) production of heat and electricity
— Heating 5,000 households
— 2 wells (3.3 and 3.4 km) resulting in 38 MW,
Z seoniii:
4 North Garching Riem e Sauerlach
Zugspitze: 2,962 m
2,000 —
Isar

1000 L ‘.J LLCLLL I g l""

i

o™ = R — heatinlt_;t:ec'fwork¢

= e = o
2,000 — Zlos

3,000 —
3,020 m 4,230 m -
4,000 — ° 140°C Households,
public buildings,

9,000 industry
Malm karst

6,000 |— (water-bearing Vater-bearing
limestone layer) . ' limestone layer

7,000 — © Rodl&Partner GbR © Geothermie Unterhaching
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Resource Potential

1000 GWe

100 GWe

10 GWe

1 GWe -

Resource Potential — Direct-Use

Direct use offers significant

additional potential by taking
advantage of thermal energy
in all geologic settings

T

In- to Near-Field

|dentified
Hydrothermal
9 GWe

. Co-Produced

Geothermal Resource of the Umted States
Lmtlnnsofldentrﬁw
Favorability of Deep Enha Geothermal Systems (EGS)

"0 -
o NREL

»  ldentified Hydrothermal Sie (= 90°C)

Sedimentary

Conventional

EGS Geopressured Hydrothermal

- Other

Adapted from Chad Augustine, NREL
All numbers quoted come from the
USGS 2008 Resource Assessment

»

Increasing Challenge
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Low-Temperature, Co-Produced, and Geopressured Geothermal
are National Resources

* Temperature sutficient in many parts
of the country to supply direct-use
heating and cooling

* Direct-use geothermal extends the
economically recoverable envelope by
allowing for lower-temperature
utilization

GEOTHERMAL
- | LABORATORY

1000GWe T Direct use offers significant

additional potential by taking
advantage of thermal energy
in all geologic settings

EGS
100 GWe - 100-500+ GWe

Ve York City
FPhiladelphia

Greenfield EGS

Resource Potential

Sedimentary
Conventional

10 GWe +
. In- to Mear-Field
EGS Geopressured Hydrothermal

Identified - Other
Hydrothermal
9 GWe Co-Praduced
Adapted from Chad Augustine, NREL

) All numbers guated came fram the
1GWe + USGS 2008 Resource Assessment

* Cries 350,000 0 1,000,000 Mis Increasing Challenge
Note: Population figures for cities shown .
are for city proper anly.

0 2003 Encyclopoediia Britannica, Ine.
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SUMMARY

* Geothermal resources could supply 5-10% of U.S. demand
= Geographically diverse

* EGS and direct use of geothermal energy can expand geothermal
development throughout the country

* Improved ability to find new resources is critical to lowering risk

* Long development timelines are a reality, but so 1s long and reliable
baseload energy production

* Opportunities in leveraging oil and gas technologies and
infrastructure

* Geoscience has a pivotal role to play in finding, developing, and
responsibly using these resources
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Thank you
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