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How to Access Captions/Como Ver Subtitulos

Escanea el cddigo QR para acceder a

Option 1: In the meeting controls toolbar, click the Show Captions .
los subtitulos

icon 3
Opcion 1: Desde la barra de herramientas, haga clic en el simbolo Scan the QR code for captions
Ver Subtitulos E3

Option 2: Follow the URL: https://rossstrategic.spf.io/z/8HHCP.
The URL will open a separate window, and you can select a caption
language. The captioning will appear in this separate window.

Opciodn 2: Para ver a los subtitulos en espanol sigue la URL:
https://rossstrategic.spf.io/z/8HHCP. Si sigue esta URL, abrira una
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subtitulos apareceran en esta ventana nueva.
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Welcome and a few reminders...

This meeting is being recorded and will be available on the study website—along
with the slides and a meeting summary

Please remain muted unless you are speaking
As needed, please rename yourself with your affiliation or workplace in Zoom

Attendees will be able to chat everyone in the meeting

* If you are experiencing technical issues, please chat directly to “hosts and panelists” (or email
hsherrow@rossstrategic.com).

To ask questions or join discussion, please use the “raise your hand” button to
indicate you would like to speak; chat can also be used for Q&A

Please be respectful of this process. Allow everyone the chance to speak and listen
actively to understand others’ views




WSU Energy Program

* Self-supporting department within Washington State University based in
Olympia

* Other programs: green transportation education and outreach, community
solar, Washington state energy codes (residential) support, community
energy efficiency, emerging technologies, and more

WSU Energy Program website: https://www.energy.wsu.edu
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Today’s Meeting Objectives

* Learn about other mechanical/gravity energy storage:
* Advanced Rail Energy Storage

* Pumped storage using abandoned mines

* Hear from attendees and promote discussion about key
takeaways from the PSH study process




Agenda Overview

9:30 — 9:45am Welcome
9:45—10:00 am Study Overview and Update
10:00—10:30am  Advanced Rail Energy Storage

10:30 —11:00 am Pumped Storage Using Abandoned Mines
11:00—11:10 am Break
11:10 —11:55 am Group Polling and Discussion

11:55 — NOON Next Steps, Wrap up, and Adjourn




Online polling

* We will be using PollEverywhere today to elicit insights from
participants

* When prompted, please use a phone or browser screen to
access the polls using the QR code or website address:
PollEv.com/lavishnatureg21

* You will be initially asked to share your name, but this can be
skipped

* PollEverywhere will stay open throughout the webinar

* For short “"word cloud” responses, you can join_words using an
underscore

Now, lets try it out on a quick icebreaker question:

In a word, what outdoor activity would you be
least interested in if it was -10 Fahrenheit?

Join by Web
PollEv.com/lavishnatureg21

Join by scanning the QR code




Study Overview and Update



Pumped Storage Hydropower (PSH) Siting Study Goal

Identify and understand issues and interests of federally recognized Tribes with
territories in Washington State, WA state agencies, and various stakeholders
related to areas where pumped storage might be sited in Washington State.

No specific PSH projects are being promoted or sited in this study.

Section 306 of House Bill 1216 (2023) on Clean Energy Project Siting:

https://lawfilesext.leg.wa.gov/biennium/2023-24/Pdf/Bills/Session%20l aws/House/1216-S2.SL.pdf?q=20240327114612
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Why a PSH Siting Study?

* Support goal of WA Clean Energy Transformation Act (CETA)
(5B 5116, 2019)

* Explore PSH, which is an existing proven technology, long-duration, and
provides grid reliability

* Understand issues concerning PSH siting to work towards avoiding impacts
and disputes

Study ends June 30, 2025 with a report deliverable to the WA State
legislature.
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WA Statewide Online Public Meetings

* Today’s online public meeting
* January 23, 2025

* Mechanical/Gravity storage — Advanced Rail Energy Storage, PSH in abandoned
mines

* Past statewide online public meetings
* June 13, 2024 introductory webinar

Sept 11, 2024 — pumped storage overview, traditional cultural resources
Oct 9, 2024 — water quality, water resources

Oct 31, 2024 —terrestrial ecology, geology, land use, access
Dec 4, 2024 — federal and state permitting, licensing, and environmental processes

* Slides, video-recordings, meeting summaries can be found at
https://www.energy.wsu.edu/CleanFuelsAltEnergy/PSHSiting/Meetings.aspx
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Tribal Engagement

» Attendance and discussion at Tribal conventions & conferences
* April 2024 — ATNI Tribal Leaders Climate Summit
* September/October 2024 — ATNI Annual Convention
* November 18-20, 2024 — ATNI Natural Resources Summit

* January 27-30, 2025 (upcoming) — ATNI Winter Convention
* Tribal Forum(s)

* Meeting and discussion with individuals and groups
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Timeline (subject to change)

Intro
webinar Online public meetings Final Final report
6/13/24 Sep.11 Oct.9  Oct.31 Dec. 4 Jan. 23 webinar  due Jun 30
| . ________________________________________________________________| | |
2024 2025 2025
Jun Jul

| | Aug | Sept | Oct | Nov ; Dec ; Jan Feb , Mar | Apr ; May ; Jun ,
| | | | | | | | I | I | |

Jan. 16
| |
Tribal Forum Draft report review

Continued meetings and discussions with Tribes and interested parties as requested
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What is Pumped Storage Hydropower?

* “Water battery” How Does Pumped Storage Hydropower Work?

TO GENERATE ELECTRICITY:

Step 1: Water released downhill to lower reservoir

Step 2: Water spins turbine to generate electricity

Step 3: Power added to grid (when energy demand is high)

* Long-duration energy storage technology {14

UPPER RESERVOIR

* Stores energy in an upper reservoir,
generates energy when water flows to a
lower reservoir

TO RECHARGE THE SYSTEM:
Step 1: Power taken from grid (when energy demand is low)

Step 2: Turbine used to pump water from lower reservoir uphill
Step 3: Water refills upper reservoir

* 43 existing plantsin USA P ——

EVAPORATION

* Well-established technology

LOWER RESERVOIR
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PSH Benefits

* Provides over 9o% of U.S. energy storage capacity
 Can provide up to 12 or more hours of electricity
Supports grid reliability

Systems last long (up to 5o — 100 years)
Low life-cycle cost

~80% efficient

Upper |
Reservoir |

i \ ®- | Turbine/Generator
Discharge1

Lower Reservoir
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PSH Drawbacks

* Needs water to initially fill closed-loop
reservoirs, and “top” off

* Long construction period, expensive
construction costs

. . Pumped-Storage Plant
e Potential environmental and

cultural impacts

Elevator i

Main Access Tunnel

i

,
Powerplant Chamber

Breakers

Tranmiormmer At COURTESY: TENNESSEE VALLEY AUTHORITY
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Closed-Loop PSH and Open-Loop PSH

This study focuses on closed-loop, where reservoirs are not connected to any existing water
bodies.

CLOSED-LOOP PUMPED STORAGE HYDROPOWER OPEN-LOOP PUMPED STORAGE HYDROPOWER
Projects that are not continuously connected Projects that are continuously connected
to a naturally flowing water feature to a naturally flowing water feature

. Dept of Energy, 2019

S

U.
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Water Availability

* Closed-loop systems

* Need water for initial fill and for replacing
evaporated water

* Little impact on fish and aquatic ecosystems
* Open-loop systems
* No need to fill reservoirs

* Connected to waterways so greater impact on
aquatic ecosystems
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PSH Potential Impacts

e Cultural resources e Access
* Traditional cultural access

* Public access

e \WWater resources
e Surface water

* Groundwater * Recreation access
* Water quality * Air quality and noise
* Aquatic habitat and species* * Visual and Aesthetics

* Terrestrial habitat and species

*Aquatic ecology impacts are fewer in closed-loop systems
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PSH Responsible Siting Practices

* Engage early and often with Tribes, local communities,
and governments

* Avoid sensitive and sacred areas
* Utilize previously developed sites if possible

* Site and design to minimize footprint and »
accommodate pre-existing uses ’ Photo by WDFW

Enhance existing conditions if possible

Conduct risk assessments and develop avoidance/minimization plans for
specific impacts
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Increasing PSH Capacity without New Projects

* Capacity upgrades of existing pumped storage plants

* Pump Back: Adding PSH capabilities to existing hydropower
plants

* Add-on: Construct an upper reservoir and partner it with existing
lower reservoir

* Connect two existing reservoirs to develop a PSH project

* Hybrid: For example, combined PSH and water desalination
plant (shared infrastructure)




Questions?



Advanced Rail Energy Storage



the power of gravity
Advanced Rail Energy Storage

Rail-Based Gravity Storage - The Advantages of Pumped Hydro without the Disadvantages







Gravity is a natural resource like wind or solar W

ares

Earth’s Surface Gravity

9.77 9.78 9.79 9.80 9.81 9.82 9.83 [m/s?]

Acceleration of gravity = 9.8 m / 32 ft per sec?




w ARES Works

,//fw

Mass cars connect to 5.5 MW motor/generators with a chain drive system. The motor pulls mass cars uphill to
store energy. The generator releases mass cars downhill to power the grid.



Energy Capacity of Mass Cars

ares

Example:
A 15’ long Rail Car (750,000 Ibs) motored up 1000ft

generates =250 kWh of energy when motored down 1000ft
(Round Trip Efficiency: =90%)

1000 ft elevation gain

15’ Rail Car
(= 750,000 Ibs)

1kWh = 3,600,000)J




Rail-Based Gravity Storage W

Over the last decade, ARES has developed, tested and patented rail-based, gravity-powered energy storage

technologies. By 4th quarter 2024, we will have our first facility in operation with many more to follow.
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Major System Components
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Mass Cars
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ARES makes renewables work

» We allow renewables to generate, regardless of grid demand
» We provide a solution to the generation intermittency caused by renewables
» Energy storage solutions will regulate the supply and demand spikes acting on the grid

ARES provides grid-based inertia

* Inverter-based energy does not supply enough inertia for the nation’s grid system

» Without enough inertia, the grid will fail

ARES offsets carbon production

» Our energy storage is scalable to address long-duration seasonal needs
* Using stored energy for peak demand times reduces Peaker Plant greenhouse gas emissions

Further benefits include:

» The ability to provide needed inertia to the electrical grid
* The system can cycle multiple times daily
« Delivering ancillary grid-related services such as black start and voltage support

» Time-shifting and arbitrage reduce system cost to developers and, ultimately, consumers

Unique attributes of the ARES energy storage system

ares

the power of gravity



ARES as compared to Lithium-lon battery storage

* ARES is more efficient than Li-ion

* ARES has no risk of thermal runaway

ARES is fully recyclable at EOL and has none of the hazardous materials concerns found in lithium-ion

ARES is manufactured locally, avoiding the environmental and geopolitical issues associated with lithium and cobalt

ARES can cycle multiple times a day with durations far exceeding those of Lithium-lon batteries

ARES as compared to pump storage

* ARES has no operational impact on local water resources

* ARES avoids the long approval processes required by FERC and other water-related regulatory agencies

ARES projects have significantly-reduced project delivery schedules

ARES employs a modular design to allow for phased commissioning during construction (see comparative project schedules
below)

* ARES unique ability to deliver phased commissioning results in reduced construction costs and borrowing risks

Project schedule comparisons

Pre-Construction | Construction | Operational
permitting & approvals | project delivery I commissioning +

federal - NERC
local

Pumped Hydro Storage federal - FERC | E>
|
|

=
ARES Gravity Storage EEEE

s 0 - T
phased commissioning

from 5 MW starting in month 9 to 1 GW at the end of year 4

Advantages of ARES over alternative energy storage systems

ares

the power of gravity



ARES Product Comparisons

A=)

Lithium lon

Pumped Hydro

Scalability 5MW -1 GW+ 10kW-1 GW 250 MW - 3 GW
Duration 15 minutes — 24 hours 15 mins — 4 hours 12 — 16 hours+
Roundtrip Efficiency 90% 87-89% 75-78%
Cycle Limitations Unlimited 6,000 Unlimited
System Life 40+ Years 5+ Years 40+ Years
Density of Storage Device 2.4x density of water

Price $ $$ $$$

O&M

Quick Scalability Based on
Need

Ramp Rate

Rotating Mass for Inertia

Water Usage




Competitive Advantages

Comprised of a recycled steel superstructure, foundation, track(s) and chain(s); low carbon mass cars — with recycled steel bases — filled with
FuIIy Sustainable locally sourced crushed aggregate; highly efficient electric motors; and freely available gravity.

e No rare earth minerals

Project size is a function of number of mass cars, elevation differential and distance.

Scalable

e 15 minutes to 24+ hours duration

Low impact design allows customers to build (and buy) as much as needed at any given time, with ability to quickly scale up or down in the future.

Motor and chain drive system are proven technologies with a low maintenance burden.

Reliable

e The system’s division into 5 MW track sections allows for isolated repairs ensuring the majority of capacity is available at all times.

H|gh Ramp Rate Steep grades enable quick responsiveness.

Easy Siting Operates effectively on elevation differentials as low as 300 feet.

Cost Effective Leverages readily available equipment.
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ARES Manufacturing

s = , ; Bystronic Laser for precise cutting and part
—_— = : -\ A .\ production at the ARES Manufacturing facility
= B — _— _ A » (Las Vegas, NV)
: ' L8 14



ARES Manufacturing
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ARES Issued Patents

PAT. NO. TITLE

11,738,781 Gravitational potential energy storage systems and
methods

10,069,333 Ridgeline cable drive electric energy storage system

9,096,144 Combined synchronous and asynchronous power

supply for electrically powered shuttle trains

8,952,563 Utility scale electric energy storage for utility grid
ancillary services

8,674,541 Rail based potential energy storage for utility grid
ancillary services

8,593,012 Utility scale electric energy storage system
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A Carbon Conscious Company

3 Reeal Recycled Steel — US Made

W Aggregate Sourced On-site
B Roller Compacted Concrete — Light Water — Light Cement

Local Manufacturing

Y



Thank You



Pumped Storage Using Abandoned Mines

Tim Scarlett, Associate Professor, Michigan Technological University
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Break

Returning at 11:25 am
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Group Polling and Discussion



Polling and Discussion Questions

* What are your overall impressions of the other mechanical storage
systems you heard about today?

* If you've attended multiple meetings and your views of PSH siting
have changed, how have they changed?

* In a word, what criteria should be emphasized when siting PSH?

* What have you found most useful from these meetings?




Online polling reminder

* When prompted, please use a phone or browser Join by Web
] PollEv.com/lavishnatureg21
screen to access the polls using the QR code or
website address: PollEv.com/lavishnatureg21

* For short "word cloud” responses, you can join_words
Using an underscore Join by scanning the QR code




PSH Kick-off Meeting Question (June 2024)

“In a word, what criteria... do you think should be considered when siting PSH?”

In a word, what criteria, other than what you've heard today, do you think should be
considered when siting PSH?

eologic seismic sisk state stewardship
Sindi genouswafer availabjlity engineering constraints

life-cycle cultural sites community cost benefit °p§8f},‘§;"ty

t
coni;’&‘.“ it bk nte rcon n ectlo N imass adoss
granularity chan e - benefits €Nergy need
effectwecapac' l t yreservedduratuon

ener

demandyg |tat tSconsentl'Sted
neededcredit) (relates GlS generations

taxquiter quaity dVal la Rty tnbalcultural ités

burdens end angere

impacts consultation tra nsm|SS| O N community'species

damage averted
Siamage averesetribal reserved rightsimpact

engagement optlon's,stlpport
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Next Steps and Wrap up



Next Steps

* Continued meetings with individuals and groups, as requested
* Draft report review (estimated April 2025)

* Final webinar (TBD)

* Final report —June 30, 2025
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WSU PSH Website and Email List

‘r Energy WSU Energy Program
Prog ram

Clean Fuels & Alt Energy

Community Solar
Expansion Program

e . Information Study for Pumped Storage
WSU Energy Prog ram PSH Sltlng StUdy Webpages: sor e "~ Hydropower Siting

https://www.energy.wsu.edu/CleanFuelsAltEnergy/PSHSiting.aspx

reen Transportation UPDATE
Program ou are inv| H
Energy S o umped_INfOrmation Study for Pumped Storage
Home Energy Raters from 10:00 Hyd I'OpOWGI’ Sltlng

PSH Siting Study Meeting Webpage: Mestings

An introductory webinar for the PSH siting study took place June 2024. Four

) M eeti n g s U m m a ry meetings are plann%d fudr tr: audtumr;.loft2024. Presentation slides, recordings,

meeting summaries, and other documents are provided below, as well as
registration links for upcoming meetings. Meetings are open to all interested

* Meetin g video-recordin g e and prezrEsAon e

June 13, 2024 Introductory Webinar

i Meeti ng Sl ides = gl\deeting SL.lmmar\,g

https://www.energy.wsu.edu/CleanFuelsAltEnergy/PSHSiting/Meetings.aspx e

September 11, 2024 Online Public Meeting

L] ‘_E]Mnaetingjgenda

Future meetings

Sign up for the email distribution list:
https://www.energy.wsu.edu/CleanFuelsAltEnergy/PSHSiting/PHSSitingEmailRegistration.aspx

Karen Janowitz
janowitzk@energy.wsu.edu
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THANKYOU!

Study lead:

Karen Janowitz
360-956-2096
janowitzk@energy.wsu.edu
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