Geothermal’s Role in an

“All of the Above”
Energy Strategy
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U.S. Energy Market: Large, Complex, & Slow-to-Change

Reductions in energy intensity largely offset impact of GDP
growth, leading to slow projected growth in energy use

U.S. primary energy consumption
quadrillion Btu
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Energy Prices: Upward Trend and High Volatility

Monthly Oil, Natural Gas, and Electricity Prices

7
©
140 EIA Data: http://www.eia.gov/electricity/data/browser/ 1800 ©
o
whed
16.00 j,_’
120 Oil Price )
Avg. U.S. Natural Gas End-Use Prices 14.00 "g)
—100 Average Electricity Prices -
O seeesess Linear (il Price) 1200 &
Y . ]
o Linear (Avg. U.S. Natural Gas End-Use Prices) ! 3
© Linear (Average Electricity Prices) \ ' <
= 80 i - =
S [ W\ i AT V] 1000 T
11] L L ' o
o ' ‘ Wi »
2 60 ’ . 8.00 ©
® - AT/ o 3
Q 40 o
2
)
4.00 %
20 i)
2.00 w
_ £
0 0.00 3
e e T e S e I N e T S Y e S T ~ e S S e e O I Y k]
T Q9 X X3 2 2 2 2 Q2 222X xZxxe@e =z o
= 2= T I I 2 I PSS ONDNSDNDONNSNNRN=INRNONSND (6]

O =2 ©O© © © = © O O N O O O N O O O N O O O N O O o NN O o

© © © © © © © © © O O O O ©0 © © O O O O = O = &2 32 O = =

(&)} 8 D N o 8 © O - 9 N W b g g O N 3 o © O 8 - N W 3 A O

NATIONAL RENEWABLE ENERGY LABORATORY



A Profound Transformation is Required

Today’s Unsustainable

Energy System

Limited fuel diversity

Subject to price volatility

Inefficient and rigid

Significant carbon emissions

Delivery systems vulnerable

Aging infrastructure
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TRANSFORMATION

Future Sustainable
Energy System

Diverse supply options

Affordable, stable and reliable

Efficient and flexible

Carbon neutral

Secure and resilient

Engine for innovation




The Transformation Must Address Three National
Energy Imperatives

- Security

Reducing
dependence on
foreign sources

Economy

Stimulating
clean-energy
companies and

job growth

Environment

Protecting resources
and reducing global
warming
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NG & RE Are Meeting Increased U.S. Electricity Demand

Electricity generation by fuel type in the AEO2015 Reference case, 2000-2040 N
trillion kilowatthours Cla
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Source: U.S. Energy Information Administration, Annual Energy Outlook 2015
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U.S. Renewable Power Capacity Growth by Source
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2013 Worldwide Renewable Power Capacity

Figure 4. Renewable Power Capacities in World, EU-28, BRICS, and Top Six Countries, 2013
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Top Countries with Installed Renewable Electricity by Technology (2013)
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Geothermal Can Serve Several Energy Markets

B Lawrence Livermore

in 2013: ~97.4 Quads National Laboratory
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Geothermal Energy: State of the Technology
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PPA Prices: 8-11 cents/kWh

Installed capital cost = $3,500-
$5,500/kW.

Binary geothermal power plants
typically 10-30 MW in size.

Flash and steam power plants
typically 30-100 MW in size.

Distributed generation options
becoming available at 30 kW
and above.

Base load generation with high
availability, and potential to
operate as flexible generation.




Geothermal Power Deployed

« Worldwide installed capacity:
12.8 GW (GEA, 2015).

« U.S. installed capacity: 3.5 GW
(2/2015), the largest in world.

 U.S. has 1,250 MW of
geothermal power under
development

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

i o
R SR

» 8 states with installed
geothermal capacity, and 3

y more states with projects under

development.

™S~ Current and planned capacity additions are from the
Geothermal Energy Association (G AFhru:uy
Fgu)'lallldpry;\Wdl

an TP rINREL ° ‘Enhanced Geothermal
e Systems (EGS)” demonstration
projects marking significant
achievements, including first
U.S. commercial, grid-
connected EGS system.
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Will Geothermal Remain a Minor Contributor?
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How can the Geothermal role be increased?
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A Vision of High Penetration Geothermal

LINREL

Renewable Electrici
Futures Study

%//// / ‘ February 2012

Sunshot

Executlve Summary r %%
GEOTHERMAL

Wind-\ision; - | Vvision sguoy

A New Era for Wind Power
in the United States

@ENERGY
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DOE has recently launched a
geothermal specific vision study.

The new study present a vision of
how to Realize the Geothermal
Potential ...

e Evaluate multiple geothermal
growth scenarios for 2020, 2030,
and 2050

* Inform and identify clear GTO
investment strategies

* Address geothermal applications
beyond electricity

e Technical contributors will
include: NREL, ANL, INEL, LBNL,
LLNL, PNNL, SNL, and USGS



Expansion of Geothermal Resource Base

By USGS estimates, most of . Lo
the hydrothermal resource in ‘ | a Mostana
the U.S. is yet to be found. '

USGS 2008 Hydrothermal

Resource Potential

* |dentified Hydrothermal
sites: 9 GW

* Undiscovered
Hydrothermal: 30 GW

- Expansion of U.S.
geothermal resource
depends on discovery of new
resources.

[ [ [BINIBiA(] |
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EGS Dramatically Expands Resource Base

Deep EGS Resource

« USGS 2008 Geothermal Resource
Assessment

* EGS potential in Western US

* EGS potential for 3-6 km depth range

» Excludes federally-protected lands
(e.g. DOD, federal parks)

» Potential electric capacity calculation

methodology:
+ Calculate heat in place for 1-km thick slices
of rock

» Apply recovery factor, heat recovery rate,
and assumed plant efficiency for resource
temperature

« Multiply potential electric capacity of each
resource temperature range by area
covered on map

- Over 500 GW, potential

* Conservative estimate relative to MIT
projection of 15,000+ GWe EGS potential
for contiguous US at depths up to 10 km
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Key Barriers to EGS Development

Technology Barriers Field Testing at FORGE GOAL
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Geothermal Resource Potential
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Source: Hollett (2012). “Stanford Geothermal Workshop Presentation,” http://www1.eere.energy.gov/geothermal/pdfs/stanford keynote 2012 hollett.pdf
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Innovation is Needed to Achieve Potential of EGS

Example innovations that might be adapted from the oil and gas sector

e Steam Assisted Gravity
Drainage (SAGD) SAGD TECHNOLOGY

o Similar to EGS in reverse Injector Wel
— Heat injected into resource

o Similar temperatures
o Similar components
* High Pressure High Temp
(HPHT)
o Extreme HPHT are >500°F

o Completion techniques are
proven Oil Sand
— Horizontal stimulation

o Components commercially
available

* Unconventional Shale Plays
o Multi-stage fracturing

LiNREL Colorado SURGE  COLORADOSCHOOLOFMINES

Production Well

Steam

Limestone
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Other Innovations Can Create Opportunities

Example: Geothermal / Solar
hybrid has high efficiency
and increased output during
summer peak load

ORC Turbine

AC generator

Evaporator

| Preheater Air Cooled
Condenser

o | 1) /ﬁ@\

Rl &

= Reinjection Well
% Brine Pump —
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The Complementary Role of Geothermal, Wind, and Solar

* Shifting energy markets will create higher value for energy

services, not just kWh
* Geothermal power has a unique set of strengths that support

this challenge
— Reliable availability of the resource 24/7

— Spinning reserves
— Direct thermal energy use options
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U.S. Geothermal Resource Map

Locations of Identified :Ié/drothermal Sites and
Favorability of Deep Enhanced Geothermal Systems (EGS)

ture at depth from 3 to

10 km provided by

Southern Methodist

University Geothermal

Laboratory (Blackwell & Richards,
2009) and analyses (for regions with

temperatures >150°C) performed by
NREL (2009).
* Source data for identified hydrothermal
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7 ites from USGS Assessment of
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% States (2008).
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This map was produced by the National Renewable Energy Laboratory for the US Department of Energy. .
October 13, 2009 Author: Billy J. Roberts
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To achieve a high-impact
geothermal vision, we
must ...

* Understand the true
potential of geothermal

* |nvest in innovation

* Create effective
partnerships

* |nvent the future we
desire



