GEOTHERMAL RISING. Powering Our Renewable Future

Unlocking Earth Heat: The Rise of Geothermal Energy and its
Opportunities for the Oil & Gas Industry!

Will Pettitt, Executive Director, wpettitt@geothermalrising.org
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O&G with Geothermal — It’s a natural fit!
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One hundred years of oily crude

Crude oil price, $ per barrel* OPEC+ spat amid covid-19y
Arab springy 150
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Sources: Goldman Sachs; Datastream from Refinitiv; US Bureau of Labour Statistics; Bloomberg *Constant Feb2020 $  TAt March 31st

The Economist

An unprecedented plunge in oil demand will turn the industry upside down,

The Economist, April 8, 2020. https://www.economist.com/briefing/2020/04/08/an-unprecedented-plunge-in-oil-demand-will-
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turn-the-industry-upside-down
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A Win-Win Partnership!

As Doug Hollett, former Acting Assistant
Secretary for Fossil Energy recently noted:

“Geothermal uses many of the same services,
technologies and personnel as the oil and gas
sector. In the midst of this historically impactful
oil and gas downturn, there is a unique
opportunity to quickly leverage oil and gas
capabilities and technologies into the
geothermal sector while preserving jobs and
regional economic viability, and ensuring US
energy sector vitality.”

March 18, 2021 PSU Student Webinar, 2021 8



GEOTHERMAL RISING. Powering Our Renewable Future

ol A\ =

)

Electricity

Produced
Flash/Binary
Power Plant Binary
. Power Plant

Geothermal i

Industries ﬂ g s

s 5 Direct Use
» Injection
Well

Power Generation
Direct Use
Heat Pumps

New Technologies
(EGS/AGS)

From: DOE GeoVision Report,
8km Department of Energy, 2019

March 18, 2021 PSU Student Webinar, 2021 9



GEOTHERMAL RISING. Powering Our Renewable Future

Geothermal Resource of the United States

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

Map does not
include shallow
EGS resources
located near
hydrothermal
sites or USGS
assessment of
undiscovered
hydrothermal
resources.
* Source data for
deep EGS
includes tempera-
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).
3 * Source data for identified hydrothermal
sites from USGS Assessment of
Moderate- and High-Temperature
Geothermal Resources of the United
States (2008).
* *’N/A” regions have temperatures
less than 150°C at 10 km depth
and were not assessed for

deep EGS potential.

* “Temperature at depth

data for deep EGS in
Alaska and Hawaii not

Favorability of Deep EGS

E Most Favorable

available.
Least Favorable
= N/A
*% v’ # S
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This map was produced by the National Renewable Energy Laboratory for the US Department of Energy. - : > o \\\_l// ———
October 13, 2009 Author: Billy J. Roberts ¢ Identified Hydrothermal Site (= 90°C) 7 www.nrel.gov/gis
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Installed conventional
geothermal

3.8 GWet?
G

Conventional
geothermal under
development

58 Projects™

.
Geothermal by 2050

60+ GWe™*

-
Viable EGS potential

>>100 GWe***

T Pettitt et al., 2020
* Geothermal Rising, NREL, 2020
** DOE GeoVision, 2019

*¥* USGS, 2008
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GeoVision

Harnessing the Heat Beneath Our Feet

www.energy.qgov/geovision

enable

Geothermal
Anywhere

Well
Costs
There is vast potential for
economic geothermal
Regulatory expansion in the United States
Timeframes
March 18, 2021 PSU Student Webinar, 2021
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28 million

Geo Heat Pumps

17,500

District Heating Systems

60+ GW

Geothermal Power

10,000+

New Wells Per Year


http://www.energy.gov/geovision

Lets ask ourselves this...

Where is my clean energy coming from
on a still, dark, winter night in 20307

What about 20507
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What will be
happening in
20307

March 18, 2021

Decal’oonization
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Fighting Climate Change —

Legislation (SB 100) enacted in 2018
continued increasing RPS targets:

* 50 percent renewables by 2026
* 60 percent renewables by 2030

* 100 percent carbon-free energy
by 2045

March 18, 2021
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California RPS and GHG Targets

California greenhouse gas emissions by sector (1990-2015) and targets through 2050

million tons carbon dioxide (CO2) equivalent =
Cla
500
2020 target:
\__,\/-\‘~ ...... @ equal to 1990 level
400
. 2030 target:
300 . o 40% below 190 level
200
electric power ...
100 industrial 2050 goal: " '®
transportation 80% below 1990 level
0 Ll L ] ]
1990 2000 2010 2020 2030 2040 2050
GHG targets enacted in 2017
legislation (AB 32) and previously
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What does
Geothermal Bring?

March 18, 2021 PSU Student Webinar, 2021 15
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Geothermal is 24/7 always on

Renewable Energy that Works

Around the Clock

March 18, 2021

Clean
Reliable
Flexible
Balancing
Resilient
Stable

Facilitator
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Geothermal as Baseload in California

24-Hour Renewables Production Hourly AVOl’aQ. Breakdown of Renewable
Peak —— Resources
Renewable Production Peak Production Daily Production i
Resources Ti (MW) (MWh)
me £.000
Solar Thermal 12:57 34 0 oo
12:17 4,162 21,624 '
Wind 23:59 768 9,152 g 4o
Small Hydro 18:04 375 4,365 i 3,000
Biogas 2344 214 5,033
2.000
3:20 375 8,752
16:49 1,001 23,376 L
Renewables 72,301 ol 2 3 4 5 6 7 8 9 1011121314 15181713 1902021 2223 24
Total 24-Hour System Demand (MWh): 603,072 Time of Day
This graph shows the production of various types of renewable
generation across the day.
Renewables Watch for 10t December, 2018, California System Peak Demand (MW)

‘one minute average 30,061

Independent System Operator, www.caiso.com
Time:  17:53

March 18, 2021 PSU Student Webinar, 2021 17


http://www.caiso.com/

GEOTHERMAL RISING. Powering Our Renewable Future

International Market Growth

T 1 O THINKGEOENERGY
Op GLOBAL INSTALLED CAPACITY & PROJECTS (MW) PLANNED & UNDER DEVELOPMENT

Geoth erm a I The following shows the installed geothermal power generation capacity and the projects (planned or under

development) for the top 10 countries base don combined numbers.

Indonesia

2, 133 Co U ntries 201 9 Indonesia

3,708
United States 1,200
Country . A f -
L Philippines Installed Capacity in MWe Philppines
1,918 Year-End 2019 ke
y
K
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TUTkey Mexico
New Zealand
New Zealand lceland m Installed
944 Mexico ‘ Italy Projects & permitted “
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Source: ThinkGeoEnergy Research (2020) Source: TGE Research (2020)

Graphics courtesy of ThinkGeoEnergy — data from various sources
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US Resource Development

March 18, 2021

Generating Capacity (MW)

4000

3500

:

N

Ul

o

o
1

2000

1500

2006

2008

2010

2012

2014 2016 2018

PSU Student Webinar, 2021

—o— Nameplate Capacity
—o— Net Summer Capacity
Net Winter Capacity
—o— Mean Net Generation (as Capacity)

Compiled by the Geothermal Resources
Council (GRC) as part of current industry
research.

Data provided by the Energy
Information Administration (EIA).
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LAZARD

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of Energy Comparison—Unsubsidized Analysis

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV—Rooftop Residential
Solar PV—Rooftop C&I
Solar PV—Community
Solar PV—Crystalline Utility Scalel"
Renewable Energy
Solar PV—Thin Film Utility Scale("

Solar Thermal Tower with Storage

Geothermal

Gas Peaking®™
Nuclear®
Conventional

Coal®

Gas Combined Cycle'®

$0
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$25 $50 $75 $100 $125 $150 $175 $200 $225 $250 $275
[ Levelized Cost ($/MWh) |

https://www.lazard.com/perspective/Ilcoe2019
PSU Student Webinar, 2021
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Geothermal Power Purchase Agreements
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Hell’s Kitchen 40MW for 25
year term $74

Whitegrass 3MW for 25
year term $67.50

Star Peak 12.5MW for 25
year term $70.25

Casa Diablo 16 MW for 20
year term $68

Puna 46MW for 30 year
term $70

Soda Lake and Coso pricing
not public
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Risk picture similar to O&G industry

Project cost and risk profile for geothermal development stages

High

Project Risk

Cumulative Cost

Moderate

Low '

Operat

Pre-Survey
Exploration
Test Drilling
FIS Planning
Drilling
Construction
Start-up
Mamtr:mct

l: | E ﬁ.nk_

Source: World Bank/ ESMAP, TGE Research (2017)

PSU Student Webinar, 2021

R



Technology Development
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U.S. DOE’s Frontier Observatory for Research in Geothermal

Energy (FORGE

What is FORGE?

A flagship initiative ($190M t0 date) to design and test a breakthrough approach
to developing large-scale, economically sustainable EGS resétvoirs, helping
unlock over 100 GW, of domestic geothermal energy.

M TAHFORGE

Funded by DOE’s Geothermal Technologies Office (GTO)
Utah FORGE released its first R&D solicitation (up to $46M) in

UtahFORGE.com

Photo: Joseph Moore

April 2020, with project selection announcement expected in
February.

Recently completed drilling of the first production/ injection well;

the well was drilled 50% faster as a result of careful planning, P\
advanced bits, and specialized-training and support from TAMU m £
through a separate GTO R&D award. N ) %

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Low-Temperature Geothermal Technologies

* Entering Water Temp (40-80 °F)
Geothermal *Shallow trenches to wells hundreds of

Heat Pumps feet deep
* Residential, light commercial

Direct Use

Direct Use « Entering Water Temp (80-300°F)
and Thermal <Wells hundreds to thousands of feet
Energy deep and Saline or Brackish Aquifers
Storage * Large buildings, agriculture

* Entering Water Temp (>150°F)
Electric Power <New Organic Rankine Cycle Modular
* Distributed off-grid power

_ DeeEJ
Injection Direct Use
Well
Production

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Closed-Loop Technologies

& Test Lab

NN
% \~\ L AE‘L“—
e 8

Note: A - E Flow Direction

https://eavor.com/
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Annual Lithium-ion Battery Demand

Annual GWh demand
2,000

Berkshire Hathaway Energy — 8%
Geothermal development in
Southern California could also
supply over two-thirds of the

)

Stationary
storage
1,600
1,400
m Consumer
1,200 electronics
1,000
' [ . .
world’s lithium demand in 800 B E-buses
2025! And at competitive 600
cost... 400
m Passenger
200 I I EVs
2014 2016 2018 2020 2022 2024
Source: Bloomberg NEF
4  November 15, 2018 BloombergNEF

23 January, 2020 USEA Forum, Washington DC, January 2020
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Oil & Gas Co-production

e Technically viable but
economically challenged;

e Co-Production with Oil & Gas
Operations;

* Retrofit or Re-Purpose Existing
Petroleum Wells;

* Advantage of scale.
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PO“CV Committee e A forum for the industry to discuss

relevant issues;

 Companies across a broad
spectrum of the geothermal power
industry;

Advocates for public
policies that will promote
the development and

utilization of geothermal 751610000 W R .
resources e\ * Add-on option to fund advocacy

FE R . work at the State, Federal and
N gRRal il N N BT International levels.
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Energy Act of 2020

Advanced Geothermal Innovation Leadership (AGILE)

* Increased research, including EGS,
drilling, technology transfer,

The subsurface computer simulations;

e Establishing more FORGE-type sites,
/A\ G " IL = including east of Mississippi;
- ( 3] I
Act

* Investigating streamlined permitting
processes for geothermal
exploration and leasing activities;

* Development of coproduction with
petroleum and mineral industries.

March 18, 2021 PSU Student Webinar, 2021 30



GEOTHERMAL RISING. Powerini Qur Renewable Future -\
I .

: SOLVING THE CLIMATE CRISIS

The Congressional Action Plan for a Clean Energy Economy and a Healthy, Resilient, and Just America

March 18, 2021 PSU Student Webinar, 2021 31
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March 18, 2021

Thank You!
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