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Gillian Charles

As part of the development of inputs for the draft 2021 Power Plan, staff
develops generating resource reference plants as resource options —
along with energy efficiency and demand response — for the Council’s
power system models to select to fulfill future resource needs. A
generating resource reference plant is a collection of characteristics that
describe a realistic and likely implementation of a given technology within
the region. It includes estimates of costs, operating and performance
specifications, and developmental potential.

Staff presents reference plants for review and discussion with the
Generating Resources Advisory Committee (GRAC) and incorporates
feedback before bringing the reference plant to the Council for review.

At the February Council Meeting, staff will present the reference plant for
geothermal.

Development of inputs for the 2021 Power Plan

A.4.1 Develop generating resource reference plants for 2021 Power Plan

Steve Crow
Executive Director

503-222-5161
800-452-5161
Fax: 503-820-2370
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Conventional Geothermal
Reference Plant for the
2021 Plan

February 11, 2020 -- Power Committee
Gillian Charles
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FOR A SECURE & AFFORDABLE
ENERGY FUTURE

What is the difference between conventional
geothermal and enhanced geothermal systems?

 “Conventional”
geothermal is naturally
occurring and requires:

heat +water +permeability

» Enhanced geothermal - :
systems only require heat ENHANCED
and the fluid and GEOTHERMAL SYSTEMS
permeability are
engineered
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Current Geothermal Activity
In the PNW, WECC, US

Existing capacity, planned projects

Operating Geothermal in PNW

~50 MW installed capacity across four projects
* Developed 2007 — 2015; all binary technology

Great resource potential in PNW, but little in terms of
planned projects in the development pipeline
Non-Hydro Renewable Resources in the PNW >

Installed Nameplate Capacity
(not including storage) Seattle
Geothermal

- - e -
Ports = sy
i Paisley Neal Hot Spring
3 MW, 2015 / 22 MW, 2012

fugenn : a
OIT (self-gen) ‘ i e Raft River
\\ : 3 K 13 MW, 2008™""
o

Data and map from Council’s project database and generation map -

https://www.nwcouncil .org/energy/energy-topics/power-supply/map-of-

power-generation-in-the-northwest
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Recent developments in WECC

* ~150 MW installed nameplate capacity since 2016,
across 8 projects
« Includes 3MW repowering at Raft River in ID

 Largest project is Tungsten Mountain Geothermal Development
Project in Nevada, at 26MW installed nameplate capacity

» Hybrid geothermal and 7MW on-site solar PV project, to
offset parasitic load (equipment’s energy use) and increase
power output

« Majority installations binary technology

* ~1,500 MW planned projects

Planned Geothermal in the WECC
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Image: Tungsten Mountain project, Ormat PQWER PLAN

Geothermal Plants in Operation and Planned

i ~3,500 MW installed capacity
i e : - TR ~1,800 MW planned capacity
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Existing Geothermal in the U.S.

» United States leader of installed geothermal capacity in the
world - ~3.5 GW of ~14GW installed worldwide

» Geothermal generation still only accounts for <0.5% electricity
production nationwide

* California most installed capacity at 2,760 MW, accounting
for ~6% of total state electricity generation
* Nevada ranks #2 with ~650MW, ~9% of state generation

State rankings for geothermal electricity generation, 2018

" ae 2021

NORTHWEST

Data source: EIA 2018 data ~ POWER PLAN

Policy Landscape

Geothermal electricity is a DSIRE" | . <cssoes DSREinsight
qualifying resource -

* Renewable portfolio
standards (RPS)
* 10 states in WECC

» Oregon increased standard
in 2016

Renewable & Clean Energy Standards

e irwuna.ong f June 3078

* Clean energy policies p: 9 ST e
« 5states in WECC B o Bttt ot i

« WA passed CETA in 2019 - =

WECC Coal Units in O tion, .
DRPYEASifg Over Mok 20 T « Carbon regulations enacted,

considered in WECC

ll - -

o HTTT » ~15 GW coal unit capacit

I '“IIIIHII““”“ retirements over the Rext 10
CLEELERRRRRRETRTEY years within the WECC

THE 2021

NORTHWEST

POWER PLAN

2/4/2020



Federal Incentives

Investment Tax Credit (ITC)
» Front-loaded incentive based on initial capital expenditures

» Phasing down/expiring for wind; solar and geothermal
receive 10% indefinitely

2021 Power Plan - 10% ITC for geothermal included in levelized cost
analysis and modeling, indefinitely

Production Tax Credit (PTC)

* Production-based corporate income tax credit, based on
project generation during first ten years of operation

* For qualifying facilities (non-wind) commencing
construction by January 1, 2018, qualify for this credit for
the first ten years of operation

2021 Power Plan - Effectively expired for new geothermal resources
considered as resource options; not included

THE 2021

NORTHWEST
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“Ring of Fire” is an area
of active volcanoes and
frequent earthquakes...

Majority of geothermal
resources are found
near the earth’s
tectonic plates

Energy per Well

Shale Gas.

Conventional Curent EGS Sugel: Hot
Geothermal ) -GS

How low can you go?

<5 MWe 4050 MWeis

POWER PLAN
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Estimated Temperature

(Degrees Celsius)

# 025

i 25-30
1,000m .

@ il s0-75

il 75- 100

& # i 100-125

e @ [l 125-150

# i 150-250

500m

~2,000m Images made using
the NREL geothermal
prospector

1,500m

3,000m
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2008 USGS Assessment of Moderate- and
High-Temperature Geothermal Resources

* 2008 assessment of geothermal
electric power generation at
moderate (90 — 150°C) and high-
temperature (>150°C)

» Three categories:

* Identified Geothermal Systems —
development of known
geothermal resources

* Undiscovered Resources —
modeled using GIS (no surface
manifestations, e.g. geysers, to
indicate presence)

* Enhanced Geothermal Systems

» Reference: In 2008, there was
FeFie about 2,500 MWe (roughly
ml L 2,750 MW capacity) in US

‘Map of the favorability of occurrence for geothermal resources in t
Warmer colors equate with higher favorability. Identifled geotherm:

Wyoming

Require hydrothermal fluid
high temps, permeability

ih

L[ (uaTninie] | |

he western United States

THE 2021

NORTHWEST

w 13 MWe = the capability of generating POWER PLAN

1MWa continuously for 30 years

i systers are represented by black dots.
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Table 1. Elactric pawer generation potentialin Magawstts-slectric (MWe) from identifisd and undiscoverad geothermal resaurcss and
Enhanced Geothermal Systems in the westarn United States.

AN el

are calculated on & basis of 3 years of production. F9S represents a 95% chance of af least the amount tabulated: other
carmpticm of perfect positive correlation. N is the mumber of ideniificd goothermal systers

el el |Enhanced s=mmwe]  TOtal US Potential (mean):

State N | Fs [ F0 [Mean | 5 | Fo5 | P00 [Mean | ;5 | P95 | 0 [ Mean | B
Alaska s3| 26| eoe| 677 13so| s3] ram| i7me| a2se| ma NA NA NA ° |dent|fled - 8,356 MWe
Arizona 2 A 2l ae| o] am] ws| weda] 2751 3ae00| s2000] sa700] 22200
Caliarnia as | 2422 saan| saoa| o2sa| 3256 9s32| 11340 25439 | 32300 47.00] 4sa00] 67600 .
Colorado [ s u] | e | =] tws] 200] o] siwo| sew] mam| © Undiscovered — 301033 MWe
Hawaii [ s wee| s s s2| 2027] 2435] 54| Na [ Na [ Na | A
Idaha Tl w| | n| e | | toi| isr] | sw| seme] eew| mam| * EGS — 517,800 MWe
Montana 7] as| si] se| wo| e sm| 7mi| 2033| oeoof seieo| oo 27500
Nevada se| sis| 16| 1301 2ssi] oo6| 3243 a3e4]11.507] 71800] 101300 102800 | 130500
New Mexico 7| s3] s3] i70| aa3| sae| o3| 14s4| 3013 sse00( seaeo[ ssoo soioo MWe = the capability of generating
Dreson 2 il RSl Sif VOT| ol L) L] G| Se00) 61500} eRA0n ] B0 1MWa continuously for 30 years
Utah 6| &2| am| sa| au 3] ross| rded| 3se0| 32600] 46500] 47200] 64300

i 1 7 20 23 47 68 m 300 T 3.900 6,300 6,500 9800
Wyoming 1 5 3l o[ wof 40 129 174 as8| 1700 2000| 3000] 4800 Images: USGS Assessment of Moderate- and High-
Total 2a8 | 3675 | 8.356| 9.057 | 16457 | 7.917 | 23.739 | 30,033 | 73286 | 345,100 | 507,000 | 517,500 | 727.500 Temperature Geothermal Resources of the US, 2008

A B. Und Resources C. Enhanced Geothermal Systems

Regional % of Total US Potential
(mean)

* ldentified —10.5% .
* Undiscovered — 16.1% Y N : 3
« EGS—29.7% \ '

o
1311

fip, Az

Figue 2 Pie of ) idennfiee, 1 I€) Enhanced
‘amang the western sines. Alaska and Hawai were not included n i ol E6S ihose siates.

Colcraol
10.15%
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US Potential > Regional Level (MW)

idaho 366 MW 2,059 MW 74,690 MW

Montana 65 MW 848MW 18,500 MW

\ ‘ A Oregon 594 MW 2,082MW 68,640 MW
Washington 25 MW 330 MW 7,150 MW

*ldaho =Mantana = Oregon » Washington Region Total 1,050 MW 5,319MW 169,070 MW

Identified Undiscovered

1daho 89 MW 470 MW 52,250
Montana 17 MW 194 MW 9,900
\ ‘ A Oregon 179 MW 475 47,960

Washington 8 MW 75 4,290

Region Total 293 MW 1,213 MW 114,400 MW
nldaho =Montana » Oregon » Washington

*F95 represents a 95% chance of at least the amount tabulated

Original data source: USGS Assessment of Moderate- and

N MWe is defined as the capability of generating IMWa continuously for
High-Temperature Geothermal Resources of the US, 2008

30 years — the assumed lifetime of the resource)
Conversion of MWe to MW capacity = IMWe * 1.10

(1.10 represents assumption of 90% capacity factor for geothermal)

POWER PLAN
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Potential in the Seventh Plan vs. 2021 Plan

» Seventh Power Plan assumed 475 MW potential
« All of the identified resources (F95) and 15% of undiscovered

resources
» Conservative estimate, based on limited activity and
development at the time
dentified di d GS

2021 Power Plan - same
assumption - 475 MW. No new tdaho soMw AT 52250
development since Seventh Power Z"”‘a”"‘ imw ij: M 2’79220

q 9. Q Q regon i
P!an,.llttle activity in the FS— e 7 429
plpe“ne' Region Total 293 MW 1,213 MW 114,400 MW

*F95 represents a 95% chance of at least the amount tabulated

THE 2021

NORTHWEST
POWER PLAN
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US DOE: GeoVision

Harnessing the Heat Beneath Our Feet

« U.S. DOE identified geothermal as a
potential renewable and “diverse” e A o, T

domestic electricity solution to future
U.S. heating and cooling needs Mm

« DOE Geothermal Technologies Office
(GTO) provided a comprehensive
assessment of the current state of the
industry and identified “deployment
opportunities and pathways for
targeted action that could achieve a
shared vision for industry growth”

« Analysis projected that through
technology improvements,
eothermal electricity capacity has
e potential to increase 60 GWe+ Oiiarsy
kL)P/ 050 — and provide 8.5% of all
.S. generation (and 3.7% of installed
capacity)

¢ Many pathways point to... EGS o
NORTHWEST
. POWER PLAN
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Technology & Cost Trends
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Dry Steam Power Plant

Dry steam power plant.

Geothermal
Technology Types

Binary Cycle Power Plant
Turbine Generator

.

B I_| |Heat exchanger

Flash Steam Power Plant

with working fluid

Flash
tank

Production Injection
well well

Binary cycle power plant.

Of the 14GW geothermal installed globally,
~60% are flash steam, 25% are dry steam,
and 15% are binary

THE 2021

Flash steam power plant. NORTHWEST

' image source: Us DoE  POWER PLAN
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Geothermal: Benefits and Challenges

Renewable, clean energy resource

No/low emissions - minimal excess steam (and CO2) is emitted by flash
plants, otherwise geothermal has no emissions

High capacity factor — 80-90% depending on technology
Reliable, baseload power at a consistent output

» Low, predictable operating costs (and no reliance on volatile fuel prices)

High risk exploration — Extremely complex and expensive identification
and assessment
« Risk of “dry hole” —when water is not available at site

Large upfront capital investment
Technological improvements required to reach full potential

Operational flexibility is costly using traditional PPAs — there have been
specific flexibility PPAs (Puna Geothermal in Hawaii) with both specified
capacity and energy payments, which make flexibility economically possible.

« Regional challenge — transmission availability

THE 2021

NORTHWEST

POWER PLAN
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Geothermal: Cost of exploration

» The cost of exploration and initial testing of a geothermal
site can equal about 30-60% of the total project cost
* Which means... you need capital before you can confirm resource
potential and return on investment

Figure 14: Typical uncertainty and expenditure profiles for a geothermal project

Hlﬂh II.
Mode- 2

rate §
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-
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0 Image source: IRENA 2017
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Capital Costs Vary Widely

» Extremely site-specific
» Huge variation in exploration and drilling costs

* Variation between technology — binary tends to be most
expensive
 Limited (if any?) improvements in cost over the past decade

Figure 8: Geothermal project-level installed costs by technology, 2007-2020

2000
® Capacity (MW} Figure 9: Forecast of capital expenditures (CAPEX) for geothermal power plant
8000 . TE in the Eurepean Union
7000 shioa 7743
£ 6000 e 7000 GE
= = —_— 5,620 e
g so00 = a 9 " @ R — —— Binary (High)
2 [&] o ° 8 S sooo T 7 — Binary (L
8 4000 ® o, a =
[ . & ao00 Fiash (Highy
3000 , L] ' . 4,010
° i ’ 3000 —— Flash Low)
. 2,500
2000 @) P ® ® (] 2000
1606 . . 2020 2030 2040 2050
Source: Sigfusson and Uihlein, 2015
NURIHWESI
Saurce: IRENA, 2017 " POWER PLAN
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Geothermal in IRPs*

* PGE 2019 IRP — Assessed 30MW flash-steam geothermal
resource located in the PNW as resource option

» PAC 2019 IRP — Assessed geothermal through a PPA structure,
not as a utility-owned investment, to mitigate the financial risks
to the utility

 Inresponse to the 2016 OR renewables RFP, several geothermal
projects submitted proposals — none were selected

 Avista 2019 IRP — Modelled a 20MW off-system geothermal PPA
as a resource option

* NorthWestern 2019 IRP — Eliminated geothermal (and CAES)
from consideration due to high cost, after HDR evaluation

* PSE 2019 IRP — did not analyze geothermal (as far as I can tell)

* Idaho 2019 IRP- assessed binary geothermal, concluding it was
more likely in IPC’s service territory

Note: Many IRPs are still either in draft form, or ongoing;

this information is subject to change e 2021
NORTHWEST

[

POWER PLAN
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Proposed 2021 Plan
Reference Plant

Conventional Geothermal - Binary

24
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Selecting a Technology for Reference
Plant: Binary or Flash-Steam?

» Depending on resource temperature, flash-steam or
binary-cycle geothermal technologies could be used
with the liquid-dominated hydrothermal resources of
the Pacific Northwest.

* A preference for binary-cycle is emerging because of
modularity, applicability to lower temperature
geothermal resources, and the environmental
advantages of a closed geothermal-fluid cycle.

< Binary releases no carbon dioxide, whereas flash-steam
releases a small amount of naturally occurring CO2 from the
geothermal fluid

THE 2021

NORTHWEST

POWER PLAN
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Overnight Capital Cost Plot: Conv. Geothermal

Overnight Capital Cost of Conventional Geothermal - 2016$/kW
8000

7000 o
6000 & .\.\X—__.

x
5000

4000

Overmight Capital Cost Plot: Com. Geothermal
3000 i

n
S
3
3

Capital Cost (2016$/kW)
/ﬂ

]

;‘ i =

1000

0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Tech Vintage
X Seventh Plan 39MW closed-loop rankine binary —&—NREL ATB 2019 - 30MW binary
—e—NREL ATB 2019 - 40MW flash —e—Lazard (Low) geothermal (pres. Flash) ($2016/kw)
—e—Lazard (High) geothermal (pres. Binary) ($2016/kW) ® EIA 2013 - Geothermal - Dual Flash
EIA 2013 - Geothermal - Binary E3 Gen WECC Binary
—e—E3 Gen WECC Flash © Neal Hot Springs - 22MW Binary - Estimate #1
© Neal Hot Springs - 22MW Binary - Estimate #2 Paisley Geothermal - 3MW Binary - Estimate
X 2019 PAC IRP 43MW Greenfield Binary 2019 IPC IRP 30MW Binary
X 2019 PGE IRP 30MW Flash-steam
Notes: Lazard data includes AFUDC and Council staff assumptions on technology; EIA 2016 did THE 2021
not include geothermal analysis; E3 WECC binary and flash same cost estimates until 2018 NORTHWEST
POWER PLAN
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Configuration & Technology
Capacity (MW)

Location

Financial Sponsor

Economic Life (years)
Overnight Capital Cost ($/kW)
Fixed O&M Cost ($/kW-yr)
Variable O&M Cost ($/MWh)
Development Time (years)
Construction Time (years)
Earliest Commercial Online Date

Resource Maximum Build-out (potential)

2021 Plan Reference Plant: Geothermal

22 MW closed-loop, binary
22 MW (net), 30 MW (gross)
Cascades

IPP

30

$5,400

$150

$5

4

8

2024

475 MW (based on 2008 USGS survey)

THE 2021

NORTHWEST

POWER PLAN
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What's Next
* GRAC Meeting — February 27
* Future Power Committee meeting - Summary of
generating resource reference plants for draft 2021 Power
Plan
 Potential addition of emerging technology reference plant
for scenario analysis
NORTHWEST
. POWER PLAN
28
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Background

29
" Solar PV i:} & Conv. Geothermal i:} + Enhanced Geothermal
Systems
Onshore Wind Offshore Wind
v {::} v Small Modular Reactors
Gas CCCT ¢ + Distributed Generation*
v é::} v Carbon Capture &
v Gas SCCT - Frame i:} Biomass Sequestration
«/ Battery storage (Li—ion)i::} Hydro Upgrades Hydrogen Gas Turbine
v/ Solar + Storage{z} Biogas Allam Cycle Gas
/' Pumped Storage{:} Power-to-Gas Wave, Tidal
v Reciprocating Engine Small Hydro
+ Gas SCCT - Aeroderivative ~ Combined Heat and Power
éﬂ“"} = reference plant
THE 2021
NORTHWEST
POWER PLAN
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Overnight Capital Cost Plot: Conv. Geothermal

Overnight Capital Cost of Conventional Binary Geothermal - 2016$/kW
(3

S 8000
j
S = od I
> 6000 o P —R
@ - = 1
. Sao0 -
£z
8 O 2000
= £
=3 0
o 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Tech Vintage
B Seventh Plan 39MW closed-loop rankine binary —e—NREL ATB 2019 - 30MW binary
—e—Lazard (High) geothermal (pres. Binary) ($2016/kW) EIA 2013 - Geothermal - Binary
E3 Gen WECC Binary <© Neal Hot Springs - 22MW Binary - Estimate #1
© Neal Hot Springs - 22MW Binary - Estimate #2 © Paisley Geothermal - 3MW Binary - Estimate
X 2019 PAC IRP 43MW Greenfield Binary X 2019 PGE IRP 30MW Flash-steam
2000 Overnight Capital Cost of Conventional Flash Geothermal - 2016$/kW
c =
°
a3 s00 N
- 35
W 8 000 .\"\t—;—.
£z
[S] O 2000
L =
R S
© 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Tech Vintage
—e—NREL ATB 2019 - 40MW flash —e—Lazard (Low) geothermal (pres. Flash) ($2016/kW)
® EIA 2013 - Geothermal - Dual Flash —e—E3 Gen WECC Flash
X 2019 PGE IRP 30MW Flash-steam
THE 2021
NORTHWEST
POWER PLAN
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