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Introduction

The U.S. Department of Energy (DOE) Office
of Indian Energy Policy & Programs is
responsible for assisting Tribes with energy
planning and development, infrastructure,
energy costs, and electrification of Indian
lands and homes.

As part of this commitment and on behalf of
DOE, the Office of Indian Energy is leading

and efforts in
Indian Country.



Presenter
Presentation Notes
The idea for this training came from feedback from tribal leadership, tribal organizations, and other entities interested or involved in energy development in Indian Country. 



Training Program Objective & Approach

Foundational courses were created to give tribal leaders
and professionals background information in renewable
energy development that:

= Present foundational information on strategic energy
planning, grid basics, and renewable energy technologies;

=  Break down the components of the project development
process on the commercial and community scale; and

=  Explain how the various financing structures can be
practical for projects on tribal lands.
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NREL's Presenter on Geothermal Energy

IS

Kermit Witherbee

Kermit.Witherbee@nrel.gov

Kermit Witherbee is with the National
Renewable Energy Laboratory (NREL) working as
a Geothermal Energy Geologist and Analyst in
the Geothermal Technologies Program. He is
involved in a variety of projects, including;:
geothermal resource assessment, geothermal
regulatory road mapping, policy analysis, and
development of Web-based geothermal data
and analysis applications. Prior to joining NREL,
he served as the Bureau of Land Management’s
National Geothermal Program Manager where
he was engaged in national level policy
development, strategic planning, and budget.
He has a Bachelor’'s and Master’s degree in
Geology from the State University of New York at
Oneonta and is a registered Professional
Geologist.

- Office of

U.5. DEPARTMENT O
ENERGY Indian Energy


mailto:Kermit.Witherbee@nrel.gov

Course Outline

What we will cover...
= About the DOE Office of Indian Energy Education Initiative

= Course Introduction
= Resource Map & Project Scales
= Technology Overview(s):
- Siting
- Costs
=  Successful Project Example(s)
= Policies Relevant to Project Development

=  Additional Information & Resources

Office of

.-_":"'jﬁz':“" U.5. DEPARTMENT OF
{Z) ENERGY ‘ Indian Energy



Key Knowledge Takeaways

* Geothermal Geology and
Resources

* Geothermal Technology

Greenhouse Heated by Geothermal, NREL/PIX 13981

 Environmental Impacts
» Successful Examples

* Geothermal Policies,
Leasing, and Development

eothermal Binary Poerlatin pi, vda,
NREL/PIX 13093

Ne . | Office of

5. DEPARTME
ERGY Indian Energy


Presenter
Presentation Notes
One important aspect of Geothermal is that it is a base load, this is it is available 24 hours a day, 7 days a week. 

http://www.geothermal.marin.org/GEOpresentation/sld041.htm

Commercial or Community Scale?

COMMERCIAL SCALE ]
PROJECT

Influences Technology
p Choice

COMMUNITY SCALE
PROJECT -



Presenter
Presentation Notes
 Generally geothermal is defined on its use: Commercial-scale is large scale electrical generation. The community scale is direct heating, hot water or agricultural applications, sometimes known as district heating.


Commermal | ~or Community Scale?

Electricity Generation Direct Use
* Distributed Power e District Heating
e Central Station Power  Process Heat

e Agriculture

e Aquaculture
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Presenter
Presentation Notes
This slide illustrates examples of commercial- and community-scale productions. There are many potential uses of geothermal energy, both on a passive and active basis.  We will discuss further on the next slide.


®
Geothermal Applications

Geothermal beyond electricity generation
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Presenter
Presentation Notes
This graph illustrates the many uses of geothermal resources, as you can see the current uses and potential for future applications is left to the imagination. The graph shows geothermal applications classified by temperature and uses; broken up into electricity (red), foods (yellow), heating (medium gray) and other uses (light gray).



Residential Scale Geothermal Heat Pumps

e Highly efficient method
of providing heating
and cooling

* Uses ground
temperature as a
renewable resource for
pumping heat in winter
and rejecting heat in
summer

 (Cost effective

e Economic and
environmental benefits

Vertical Loop Pond Loop



Presenter
Presentation Notes
Geothermal heat pump systems do not create heat energy; they move the heat between the building and the ground, while a conventional furnace converts oil, gas, wood, or electricity to hear. Actually, a geothermal heat pump utilizes the natural heat of the earth for cooling in the summer and heating in the winter months. In most applications a back up heating unit to supplement the heat pump in cold weather may be necessary.
The EPA has stated: “Geothermal heat pumps systems are the most energy-efficient, environmentally clean and cost effective space conditioning systems available.”


Resources & Maps

 NREL Geographic Information System (GIS) Maps:
http://www.nrel.gov/gis/maps.html

* NREL Geothermal:
http://www.nrel.gov/gis/geothermal.html

 DOE Geothermal Technologies Program:
http://wwwl.eere.energy.gov/geothermal/fags.html

e Western Area Power Administration:
http://www.wapa.gov/es/pubs/fctsheet/GHP.pdf
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Presenter
Presentation Notes
Additional information of geothermal resources and technology can be found on these referenced websites.

http://www.nrel.gov/gis/maps.html
http://www.nrel.gov/gis/geothermal.html
http://www.nrel.gov/gis/maps.html
http://www1.eere.energy.gov/geothermal/faqs.html
http://www.wapa.gov/es/pubs/fctsheet/GHP.pdf
http://www1.eere.energy.gov/geothermal/faqs.html

Geothermal Resource

Geothermal Resource of the United States

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

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).
* 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

Favorability of Deep EGS

¥ deep EGS potential.
* “Temperature at depth
Most Favorable ot for cloer EG n
Alaska and Hawaii not
& available.
Least Favorable
o4 I /A
gl [ No Data™ (?’?D Ne=!
This map was produced by the National Renewable Energy Laboratory for the US Department of Energy. e : > o ) ———
October 13, 2009 Author: Billy J. Foberts » |dentified Hydrothermal Site (= 90°C) §7 wwwnielgovigis
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Presenter
Presentation Notes
This map illustrates the  geothermal resource potential for the United States:
 shows locations of identified hydrothermal sites:  black dots
 favorability of deep enhanced geothermal systems (EGS). 

The map does not include shallow EGS resources located near hydrothermal sites or U.S. Geological Survey (USGS) assessment of undiscovered hydrothermal resources. 

The map was created by NREL using data provided by the Southern Methodist University Geothermal Laboratory and NREL analyses for regions with temperatures equal to or greater than 150°C. Source data for identified hydrothermal sites is from "USGS Assessment of Moderate- and High-Temperature Geothermal Resources of the United States." (October 2008)


Geothermal Resources
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Geothermal
Exploration Districts
and Favorability

Geothermal favorability is a surface showing relative
favorability for the presence of geothermal systems
in the western United States. It is an average of 12
models that comelates different geological and geo-
physical factors to the known presence of moderate
{80 - 150° C) to high (> 150° C) temperature gecther-
mal systems. Exploration regions were derived from
physiographic regions of the conterminous United
States. Data sources: United States Geological
Survey.

Geothermal
Favorability

B High
RS

Low

BEBCCLLE


Presenter
Presentation Notes
This map illustrates the results of the United States Geological Survey’s “USGS Assessment of Moderate- and High-Temperature Geothermal Resources of the United States (October 2008) .”

The favorability map is overlain with Geothermal Exploration Districts, which were developed from the physiographic regions of the conterminous United States.



Geothermal Systems and Federal Lands
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Presenter
Presentation Notes
These maps illustrate the location of the identified geothermal systems located on lands managed by Federal Agencies:  the National Park Service (shown in green), U.S. Forest Service (shown in blue), Bureau of Land Management (shown in teal), and other agencies (shown in yellow).  Wilderness areas managed by either US Forest Service or BLM is illustrated in brown.

The BLM is responsible for managing the federal mineral estate, about 700 million acres, where the surface is managed by the USFS,  Bureau of Reclamation, US Fish and Wildlife Service, and Public Lands Managed by BLM.  

The mineral estate on tribal lands is managed by BIA as a Trust asset.


Geothermal Resources

Existing Identified Undiscovered Engineered Geo
Systems Mean Megawatt Mean (MWe) Systems
Electrical (MWe) Mean (MWe)

Alaska S 677 1,788 NA
Arizona 2 26 1,043 54,700
California 45 5,404 11,340 48,100
Colorado 4 30 1,105 52,600
Hawaii 1 181 2,435 NA
Idaho 36 333 1,872 67,900
Montana 7 59 771 16,900
Nevada 56 1,391 4,364 102,800
New Mexico 7 170 1,498 55,700
Oregon 29 540 1,893 62,400
Utah 6 184 1,464 47,200
Washington 1 23 300 6,500
Wyoming 1 39 174 3,000
Total 248 9,057 30,033 517,800

Source: U.S. Geological Survey (USGS) Fact Sheet 2008-3062
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Presenter
Presentation Notes
This table illustrates states evaluated by the USGS geothermal resource assessment.  The 1st column contains the number of existing Geothermal systems.  The 2nd column contains the resource estimate for identified geothermal systems (approximately 9,000 MW).  This can be compared with the 3,000 MW that are currently in produced.  The 3rd  column is the undiscovered resources, just over 30,000 MW.  The 4th column is the estimate for enhanced geothermal systems, to be discussed later.


Course Outline
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Presenter
Presentation Notes
We will next be discussing geothermal technology;  types of commercial projects for electrical generation and community projects, including exploration and development, environmental benefit, and costs.  




Plate Tectonic Processes Schematic Cross-Section

“Magmatic” Systems
Cascade Range

i

“Extensional” Systems — “Rifting”

Basin and Range
Rio Grand Rift
\
o

Imperial Valley
East Africa Rift Valley
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Presenter
Presentation Notes
Hydrothermal resources are found in a variety of geologic environments. This diagram illustrates two of the major geologic environments:  
	Hydrothermal Systems associated with Magmatic Systems represented in the western U.S. by the Cascade Range for active and dormant volcanoes.  
	Extensional Systems developed along rift systems like the Basin and Range that includes most of Nevada.


Geothermal Environments

* Hydrothermal Systems
— High Temperature (>150°C, > 302°F)
* Liquid- and Vapor-Dominated
— Moderate Temperature (90° to 150°C, 194° to 302°F)
* Liquid-Dominated
— Low Temperature (<90°C, <194°F)
* Liquid-Dominated
* Hot Dry Rock

— Enhanced (Engineered) Geothermal System

* Cogeneration

— Oil and Gas
— Geopressure

Office of
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Presenter
Presentation Notes
One of the Geothermal Classifications for hydrothermal systems is based on temperature of the resource: High Temp >302 0  F, Moderate Temp 194 to 302 0 F, and Low Temp < 194 0 F.

Hot dry rock, which I briefly mentioned earlier, is a developing technology that requires creating or engineering a geothermal reservoir by drilling into a potential reservoir having sufficient heat, and through shearing (micro fracturing) the rock to develop a connection between adjacent wells followed by pumping a fluid into the reservoir to be heated and circulated to the surface to generate electricity.

Cogeneration, as the name implies, is capturing the heat or energy form existing oil and gas wells to generate electricity that can be used to run well field equipment or supplied to the grid.  Tribes with oil and gas operations could benefit from this technology.






.

Dry Steam Power Plant (>455°F)

Dry steam plants use steam as the primary
geothermal fluid. The steam is produced from the
reservoir, which directly turns the turbine, that
drives the generator to produce electricity. This
geothermal technology is the oldest and dates to
1904, with the first documented generation of
electricity in Lardello, Italy.

Dry Stezrn Power Plani

Turbine

The Geysers Geothermal Area

World’s largest dry-steam geothermal field,
22 power plants, total capacity of 750 MWe

Well Depth: 650-3350 meters (M) (2130-
8200 feet [ft])
Temperature: 240°- 250°C (460°-480°F)

Production

Well / ‘\§ Geothermal Zone

Injection
Well

s oeparTuenT oF | Office of Geysers Geothermal Area Photo Source: NREL/PIX 16814

.-"' EN ERGY Indian Energy
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Presenter
Presentation Notes
There are three primary types of geothermal power plants:  1.  Dry Steam Power Plant, 2. Flash Power Plant, and 3.  Binary Power Plant.

A Dry steam flash plant as illustrated in this slide shows how dry steam is tapped by wells and transported to a turbine through a series of pipelines to generate electricity. Condensed steam as water is re-injected into the reservoir,  excess steam is vented, as shown in the photo of the Geysers Geothermal Area, northwestern California.  

The Geysers is the worlds largest dry-steam plant in the world with a total capacity of about 750 MW from 22 power plants. 


Flash Power Plant (300°-700°F)

Net CapaC|ty 23 Megawatt Geothermally heated water under pressure is

o y ,,_,f = ,f separated in a surface vessel (called a steam

: ~ separator) into steam and hot water. The
steam is delivered to the turbine, and the
turbine powers a generator. The liquid is
injected back into the reservoir. A dual flash
cycle separates the steam at two different
pressures and produces 20%-30% more power
than a single flash cycle at the same fluid flow.

rlasn Stz Powear Plant

Turbine

NREL/PIX 13984

*Blundell Power Plant flash plant with binary
bottom cycling unit

*Well Depth: 260-2,230 M (850-7300 ft)

Injection
Well

Production
e \ eothermal Zone /
*Temperature: 138°-267°C (280°-512°F) Well oW Geothermal Z /‘

Office of
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Presenter
Presentation Notes
The second type of geothermal power plant is a Flash plant.  The plant illustrated in this slide is the 23 Megawatt Blundell Power Plant, located at Roosevelt Hot Springs, Milford, Utah.  

The technology for this plant is similar to dry steam, except the geothermal waters are produced under high pressure that is produced into a vessel of much lower pressure (called a separator) than the fluid, this causes the fluid to flash or vaporize. The vapor, under high pressure drives the turbine and generator to generate electricity.

The separated water is either:

	1.  re-injected into the reservoir or
	2.  directed to a “bottom cycling system” and then re-injected into the reservoir.

The bottom cycling system is actually a binary power system, which will be discussed on the next slide.




B
Binary Power Plant (250°-360°F)

Binary geothermal power plants use two closed loop systems:

1. The geothermal fluid is pumped from the reservoir
circulated through a heat exchanger and re-injected into
the reservoir.

. A working fluid or refrigerant (i.e., isobutene or other
organic fluid) is heated in the heat exchanger, which
transfers the heat energy from the geothermal water to the
working fluid. The secondary fluid expands into gaseous
vapor. The force of the expanding vapor, like steam, turns
the turbines that power the generators.

Sinar / Cycle Power Plani

™ . *'&‘_J
NREL/PIX 10991

Mammoth-Pacific Power Plants: two hydrothermal
binary power plants generate enough power for
approximately 40 MWe

Well depth: 150-750 M (490-2460 ft)
Temperature: 150°-175°C (300°-350°F)

Production T

Well /

Injection
Well

§ Geothermal Zone
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Presenter
Presentation Notes
Binary Power Plants are the most common type of geothermal plant in the United States.

Recent advances in geothermal technology have made possible the economic production of electricity from geothermal resources lower than 150°C (302°F). 

Known as binary geothermal plants, the facilities that make this possible reduce geothermal energy’s already low emission rate to zero. The geothermal water heats another liquid, a refrigerant such as isobutane or other organic fluids which boils at a lower temperature than water. 

The two liquids are kept separate through the use of a heat exchanger, which transfers the heat energy from the geothermal water to the working fluid. 

The secondary fluid expands into gaseous vapor. The force of the expanding vapor, like steam, turns the turbines that power the generators. All of the produced geothermal water is injected back into the reservoir


B

Example Using Low-Temperature Geothermal
Chena Hot Springs Resort in Alaska

Commissioned in 2006

*Off grid sustainable geothermal
power and heat for multiple
applications

Commercial Power Production:
Lowest in the world at 165° F

Photos courtesy of Chena Hot Spring Resort

Office of
Indian Energy

ENERGY
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Presenter
Presentation Notes
An example of a small commercial project that has potential applications for many community based projects is shown on this slide:
The Chena Hot Springs Resort in Alaska, located about 60 miles north of Fairbanks has harnessed geothermal resources for a variety of uses, including:
Generation of electricity,
Space heating for the resort
Heating green houses for growing fresh fruits and vegetables for the resort’s restaurant
Heating the Hot Springs
The resort is essentially self contained and off the grid.


Engineered Geothermal Systems (EGS)

The Energy Under Our Feet

EGS projects produce electricity using
heat extracted with engineered fluid-
flow paths in hot rocks. These
pathways are developed by
stimulating them with cold water
injected into a well at high pressure

[llustration from U.S. Department of Energy; Alta Rock Energy, Inc.

TMENT OF {Jﬁ-l o |T

ENERGY | .

1 pml:lma wgyr trom
152 Unllke corventional geothermal,
s on locating subterranean reservoirs of heated
technology uses hot, dry basement
it water in artificially created

out is retumned in this
closed-loop system,

PUMP IT IJEIWH

WOTE: Mot Zources: Departmant of Ensrgy,
i Beala ARaRock Enargy, bnc



Presenter
Presentation Notes
Engineered or Enhanced Geothermal Systems, commonly referred to as EGS, is an emerging technology. Very simply, it is the process of creating a commercial geothermal reservoir by creating a fracture network, the plumbing system, to connect an injection well and production well. A fluid, water or other liquid, CO2 is being investigated, is injected into the newly created reservoir to be heated and pumped to the surface, and is then piped through a heat exchanger to heat a working fluid that will flash to turn a turbine and generate electricity.


Foot Print and Water Consumption

Land Use by Energy Technology Water Use by Energy Technology

Coal ™ 900

Geothermal Combined cycle

Natural Gas
Wind

Nuclear
Solar

Concentration Geoth-Flash reinj

Solar PV Geoth-Binary

O 2000 4000 6000 0] 500 1000
» Acres/GWh * Gallons/MWh

Source: Geothermal Energy Association, 2009
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Presenter
Presentation Notes
Geothermal resource use, whether for the generation of electricity of direct uses, is environmentally friendly. As these 2 graphs illustrate, geothermal has the smallest footprint, that is surface disturbance of any of the renewable energy resources, as well as coal. Consumptive water use is nonexistent in geothermal binary power plants and minor in flash plants, when compared to the other energy resources used for electrical generation. I should also point out that water use is minor, but required for solar and wind generation for routine maintenance operations: cleaning wind turbine blades and solar PV panels and solar reflectors.


®
Power Plant Comparison: Air Emissions

Plant Name Year Total MIWh Primary NOx S0, CO,
produced Fuel Emissions | Emissions | Emissions
during Rate Rate Rate
specified (Ibs/MWh) | (Ibs MWh) | (Ibs/MWh)
year

Cherokee 1997 | 4.362.809 Coal 6.64 7.23 2.077

Station™®

Cherokee 2003 5.041.966 Coal 4.02 2.33 2.154

Station

Sonoma 2003 5.076.925 Steam 00104 000215 88.8

County at The Geo.

Geysers**

Mammoth 2004 | 210.0007 Binary 0 0 0

Pacific**#* Geo.

*Cherokee 1s a coal-fired, steam-electric generating station; data on Cherokee plant (Colorado) provided by Xcel Energy.
**Values represent averages for 11 Sonoma County power plants at The Geysers. Data provided by Calpine
Corporation as submitted to the Northern Sonoma County Air Pollution Control District for 2003 emussions
mventory.

***Data provided by Bob Sullivan, plant manager at Mammoth Pacific. LP

+ Represents average yearly output rather than specific output for 2004

Source: Geothermal Energy Association
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Presenter
Presentation Notes
In terms of air emission from geothermal power plants, there is essentially zero emissions of nitrous oxides, sulfur dioxide, and carbon dioxide when compared to a typical western coal fired power plant.




Cost Comparison of Renewable Energy

Lifetime or Levelized Costs of Renewables

Capital Costs of Renewables

$0.60
_
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Enhanced

Hydropower .
Biopower -

Solar Power
Geothermal System

Wind, Onshore
Wind, Offshore
Solar Photovoltaic
Concentrating
Geothermal
Hydrothermal

Technology

September 2012

Source: http://en.openei.org/apps/TCDB/
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Presenter
Presentation Notes
This chart illustrates the relationship of the cost of geothermal Dual Flash and Binary plant cost over the life time of the project, or levelized cost. As can be seen only wind, biomass, and landfill gas (methane) are competitive with geothermal.


Geothermal Cost Effective? Yes!

Electrical Geo Exchange Systems
Generation (Geothermal Heat Pumps)
Residential Commercial Schools
2,000,000
Cost/Megawatt 23 000.000
_— : 3,000 square 55,000-
Building Size feet (ft2) 7,200 112 000 (ft2)
$15,000 - $240,000 -
Install Cost $20.000 $408,000 $1.090,000
Annual Savings $600-$1,500 $ 2,098,000 iig’ggg
Cost/Ton $1,500 $1,500

| Office of Sources: Electrical Generation: Glacier Partners, 2009: Geo-Exchange: www.geoexchange.org
NT O ICE,‘ 0
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Presenter
Presentation Notes
This chart illustrates some general cost associated with electrical generation projects and geo-exchange applications; including residential, commercial, and schools. The cost for developing a power plant can vary widely and are highly dependent on the type of project: plant size (larger plant lower cost/MW), site accessibility and location, well performance, time delays, etc.  The geo exchange data came from case studies published online at geoexchange.org, referenced at bottom of page. These are average costs and can vary widely, depending on local market, ground temperatures, and size of building to name just a few. As would be expected, the larger the project (square footage or ton), the lower the cost. Note this is a very cost effective technology for heat and cooling.


Geothermal Project Development and Timeline

Geothermal project development timeline & stages

Year 1 Year 2 Year 3 Year 4 Years Yearb Year 7
Start-up
i Phase1:
Exploration

# Lagal Work Phase?: mm
* Concession Pre-Fessibility A

& Permits Phase 3:

Fesibility :

§
Phase 4:
® Ceophysical surveys Design & Construction

& Ceochemical and geological data
collection & analyi

# Temperature gradient drilling
Y

* Fooused Exploration on most favorable Y
resource area # Drilling of first successful, # Drilling & testing of remaining
® Sufficient Exploration data collected full -sized production well. production and injection wells.
& analized # Confirmation Wells, # Chdl works reguired
Reserve Estimates & # Final design & testing

Preliminary Design

Drilling &

(US$ in milions) Design
Well field preparation and Exploration 10.0 10.0
Drilling cost 81.0 81.0
Transmission - connection to grid 5.0 5.0
Power Plant and gathering systems $70.0 $70.0
Total Cost Per Phase 10.0 81.0 75.0 166.0

% of Total Cost 6.0% 48.8% 45.2% 100.0%

U.5. DEPARTMENT OF Of-f](\e G‘f

EN ERGY Indian Energy

Source: Glacier Partners Corp, 2009
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Presenter
Presentation Notes
As you can see in this slide, a commercial geothermal project from concept to electrical generation can take up to 7 years, under ideal conditions. Geothermal resources are like oil and gas, they must be discovered through drilling and testing, unlike solar and wind, has about 50% of its cost in exploration and confirmation of the resource. Solar and wind, do require resource evaluations, they are much more straightforward and less costly to demonstrate the resource potential and design the generation facility. Total geothermal  cost may vary from $2–3 million per megawatt capacity.


.

Total Projects in Development

Table 2: Total Projects in Development Totals by State

m Total Prnjects mm- Resource [MW] Overall Tutal (MW)

Alaska 25.4
Arizona 1 2 0 2
California 31 1065.6-1110.6 1636.7-1765.7 1859.7-2008.7
Colorado 2 20-25 0 20-25
Hawali 3 0 0 )
Idaho 11 33.2 589-064 589-664
Louisiana 1 0.05 0 0.05
Nevada 59 631.5-641.5 1515-2125 2030.15-2250.15
New Mexico 2 15 100 115
North Dakota 1 0.25 0 0.25
Oregon 16 107.5-109.5 283-330 319.5-364.5
Texas 1 0 0.8 0.8
Utah 11 B0 170-195 150-215
Washington 1 0 100 100
Wyoming 1 0.28 0 0.28
Totals*® 147 1961-2023 4882-5366 5317-5836
Source: GEA

*PCA, Resource, and Owverall totals have been rounded to the nearest megawatt. Also, PCA and Resource totals do not add up to Overall
totals because they have been adjusted to avoid double counting. In cases where respondents gave both a PCA value and resource value, it
was assumed that the PCA was already included in the stated resource total. In projects where PCA values but no Resource values were
given the PCA value (being the planned capacity of the geothermal power plant) was used as the Resource value and added to the latter to
get the Overall Total. As a result, the overall total is less than the sum of PCA and resource values,
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Presentation Notes
This chart simply illustrates the number and phase of development of commercial geothermal projects in the U.S. As you can see when this was published there were 147 projects in development. Planned Capacity Additions (PCA) 3rd column represents projects that have confirmed additional generating capacity to existing generation facilities or new power plants. The 4th column represents estimates of potential development in the early stages of exploration and confirmation.


Course Outline

What we will cover...
= About the DOE Office of Indian Energy Education Initiative

= Course Introduction
= Resource Map & Project Scales
= Technology Overview(s):
- Siting
- Costs
=  Successful Project Example(s)
= Policies Relevant to Project Development

= Additional Information & Resources
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Policy Drivers, Incentives, and Programs

DOE Geothermal Technologies Program

* Instrumental in the implementation of many incentives and subsidies that offset the risk and
high upfront capital cost

 Database of State Incentives for Renewable Energy (DSIRE) website: http://www.dsireusa.org/

Production Tax Credit
 Eligible power plants that are placed in service by 12/31/2013

Energy Policy Act of 2005

 Geothermal Leasing (Programmatic Geothermal Environmental Statement [PGEIS]- Lease Sales)
 Geothermal Revenue Sharing with Counties
* Section 1705 Loan Guarantees in Lieu of Production Tax Credit (PTC) ($175.6 million)

American Recovery and Reinvestment Act
 DOE Cost-Share Geothermal Investment (total $666.4 million)

Renewable Energy Portfolio Standards

- Office of
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Presentation Notes
As you can see DOE’s Geothermal Technologies Program is key in assisting the geothermal community and the public in accessing information and implementation of programs to increase the use of geothermal resources on both commercial and community scale. Congress has supported geothermal resource development and deployment through a variety of legislative measures; including tax credits and other incentives.

http://www.dsireusa.org/

Geothermal Development Process

Lease acquisition

— Leasing: 25 Code of Federal Regulations (CFR) 211 —
leasing of tribal lands for mineral development

— Indian Mineral Development Act (IMDA): 25 CFR 225 —
Oil and gas, geothermal, and solid minerals agreements

Exploration activities

Drilling production and injection wells
Utilization

— Power plants

— Direct use facilities
Abandonment of wells and facilities
Reclamation of surface

Office of
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Presentation Notes
This slide details the process of developing a geothermal resource, actually with minor variation, the process is similar whether the project is for direct use, community based, or for electrical generation. The following slide illustrates the type of activities necessary for development.


.

Geothermal Development Process

S, 5 ey e CY S Vi, e
Sources (clockwise): NREL/PIX 13083, 17038, 13995, 17555, 16814, 13093
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Presentation Notes
As we previously discussed, the process of bringing a geothermal power plant on line is a lengthy process; that involves exploration and drilling of exploration temperature gradient holes to determine whether a reservoir may exist. If the results from the exploration are favorable, the decision may be made to drill and full diameter well into the potential reservoir to test its commercial viability, and ultimately to develop a geothermal power plant. These photos are examples of the various stages of geothermal development.

http://geothermal.marin.org/GEOpresentation/sld032.htm
http://geothermal.marin.org/GEOpresentation/sld063.htm

IMDA Process

REQUESTS

ASSESSMENT

v

¥
gﬂw Economics Comparable | Bovalty
IMDA .,,;}I';i‘,, b Saes 4 Evaluation
Lo J NEFA Input |
ONLY Aszistant Director of Indian
Affairs Can Disapprove

Source: California Geothermal Energy Collaborative,
2006 California Tribal Workshop
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Presentation Notes
Although this slide was developed in 2006, the flow  chart was included in the “Final Summary, 2006 California Tribal Geothermal Workshop” held in Susanville, CA, in June 2006.  The workshop was sponsored by the California Geothermal Energy Collaborative. As you can see it is a relatively complex process that directly involves the Tribe, BIA, BLM, and Office of Natural Resource Revenue (formally MMS).  




What we covered...

=  About the DOE Office of Indian Energy Education Initiative
=  Course Introduction (Takeaways)
= Resource Map & Project Scales
= Technology Overview(s):
- Siting
- Costs

=  Successful Project Example(s)

A S

= Policies Relevant to Project Development

= Additional Information & Resources
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Presentation Notes
As you can see we have come to the end of our course but I want to leave you with these resources.


Useful Resources

* NREL geographic information system (GIS) maps:
RESOURCE http://www.nrel.gov/gis/maps.htmi
* NREL geothermal: http://www.nrel.gov/gis/geothermal.html

DOE Geothermal Technologies Program:

ISR NOEER http://www1.eere.energy.gov/geothermal/fags.html

» Western Area Power Administration:
POLICY http://www.wapa.gov/es/pubs/fctsheet/GHP.pdf
* IMDA: 25 CFR 225 and Leasing: 25 CFR 211

2 Office of

DEPARTMENT O
ENERGY Indian Energy


http://www.nrel.gov/gis/maps.html
http://www.nrel.gov/gis/geothermal.html
http://www.nrel.gov/gis/maps.html
http://www1.eere.energy.gov/geothermal/faqs.html
http://www.wapa.gov/es/pubs/fctsheet/GHP.pdf
http://www1.eere.energy.gov/geothermal/faqs.html

Thank You & Contact Information

For Technical Assistance:
IndianEnergy@hg.doe.gov.

DOE Office of Indian Energy Website:
www.energy.gov/indianenergy

NREL Technology Websites:
www.nrel.gov/learning/re basics.html

Kermit Witherbee
Geothermal Energy Geologist/Analyst

kermit.witherbee@nrel.gov
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Presentation Notes
Thank you for your attention during this Webinar. If you have questions feel free to email me, or for a faster response, email the top selection, the Technical Assistance website at IndianEnergy@hq.doe.gov. 



mailto:IndianEnergy@hq.doe.gov
http://www.energy.gov/indianenergy
http://www.nrel.gov/learning/re_basics.html
mailto:Kermit.witherbee@nrel.gov
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Curriculum Structure & Offerings

_ e Overview of foundational

JolV[aler-Yi[elst-1MM information on renewable
courses energy technologies, strategic

energy planning, and grid basics

WLl [l R ° Covers the components of the

: project development process
Professional and existing project financing
Courses structures
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Foundational Courses

Renewable Energy

Energy Basics Technology Options

Assessing Energy Needs Biomass
and Resources Direct Use

Geothermal

Electricity Grid Basics :
Hydroelectric

Strategic Energy Solar
Planning Wind

All courses are presented as 40-minute Webinars online at
www.energy.gov/indianenergy

Office of
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http://www.energy.gov/indianenergy
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