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Technoeconomic Studies of Pumped Storage

Offshore.and OnshoreWWind Located on the So.’
Technology Summary

* Rye Development has obtained FERC preliminary permits at
two proposed pumped storage hydro (PSH) sites in
Southwest Oregon: Soldier Camp PSH project, with 575 MW~ ==
or 4,600 MWh of capacity. |

» Rye requires assistance in conducting a power market study
and grid stability analysis of the proposed PSH plants paired |
with large offshore wind (OSW) developments.

Techno|ogy Impact Project Goals Rye Development Portfolio
- |deal opportunity to demonstrate the * Demonstrate feasibility of _ _
value of paired PSH+OSW investment. ~ PSH*OSW and Onshore wind -
_ under multiple future grid and policy Lead Lab Argonne
- Site development would have large scenarios. B Patrick Balducc

economic development & grid benefits.

» Explore value of PSH in optimizing Support Labs  INL
Key Idea/Takeaway system value, reducing transmission PNNL
This research will advance commercial congestion, and in firming OSW. Total budget ~ $975,000
opportunities for paired PSH+OSW in the , Develop replicable framework for Duration 2 years

Uu.S,, PSHVT will serve as screening tool. valuing and optimizing PSH+OSW.
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SOLDIER CAMP PSH — CURRY COUNTY

Interconnection Lower Reservoir

Transmission
et 1 :
Upper Reservoir
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Parameter Upper Reservoir Lower Reservoir
& _ Crest El (feet) 3210 1460
Max. Dam Height (feet) 170 260
,__,’ i/ Max. Operating Water Level El. (feet) 3200 1450
. Min. Operating Water Level El. (feet) 3100 1350
]
4 : Reservoir Floor El. (feet) 3095 1345
. Freeboard (feet) 10 10

Active storage Volume (acre-feet) 3004 3089
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Soldier
Camp PSH

* Two reversible pump
turbines
0 287.5 MW each
8 hours duration
9 miles interconnection
* Power at interconnection —
566.4 MW
¢ 4, 531 MWh per cycle

nal Lab
@} ENERGY eeeeeeeeeeeeee :é;}'kgrz ‘I)anbnoer’atﬁg

é Overhead T - Line
Length 9 mi

230kV Interconnection

Dead End Structure

Iso Phase Bus 1

[:] Main Bkr
230kV Bus
] Bkr Unit 1 u Bkr Unit 2
Unit 1 Unit 2
287.5 MW 287.5 MW
%\,@GSU Unit | /a Y udu®GSU Unit 2
G b BATY

Iso Phase Bus 2

Adjustable Speed PSH (ASPSH)
Doubly-fed Induction Motor

Fast Response with pump
mode flexibility
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LOCATION OF VIRTUAL WIND FARMS

e Evaluating two Southern Oregon
Offshore Wind (OSW) potential
lease areas and four potentia| Coés Bay i LaseAreaoCSPosss Onshore Wirld farms

o s oo s
H (61.203 Acres)

) ) e o Curry
Onshore Wind Projects l ;, AR A

i Thre-e years of wind profiles will be fEzeaAmn GW,}"' o ?
provided (2021-2023) HEE-UEtsre sy o ()

0 Planning 15 MW turbines offshore iciaseaaseaas o SR . e o
. . .‘ ’ ’ Be_EM 234 MW @ X
0 Planning 6 MW turbines for on-shore g e ortorion B @ .

+ 12 MW turbines will be likely by 2030. [ = o i ®

*  Will use the Fitch Scheme to calculate PG - ~

&

production profiles Jizazs l s 4 15 O 1.
' ’ ‘\ i e 228 MW '
* One mile between turbines (- - L O © ) rogue iver

Reedsport
¥

....................................

0 Connecting OSW to grid at nearest 162 ] GW

OOOOO

. . . i 1 2.01 GW ‘;l ; - sc_point_gid hub_height turbine_capacity n_turbines
point of interconnect with HVAC lizemaes EEEEE ; Curry 267 115 G0 38
) ) :,: § BQEM 22428 115 6000 39
including losses |iEEasERaRRERanniney” AN N S deo WS S0

*Locations provided by Rye Development
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POINTS OF INTERCONNECTION
AND GRID CAPACITY

Toledo

500kV
230kV
- Coos-Bay 115kV
g A \ WIIIaTe
S W Nationalif
) T . Al
8& miles to ,f;ff“z Tahkenitch =
Fa oneW 1.2 Reedsport
X GW
d@f Dixonville
o Soldier ® "W ationallForest
, : Camp
F : PSH
. \ Brookings
5 miles to g
Rogue
Substation Xk

<

Wind turbine locations:

« Off-shore: Coos bay (1.2GW) at Wendson and Brookings (1.8GW) at Fairview substations

* On-shore: Coos county (174 MW and 156 MW) at Bandon substation and Curry County (234 MW and 228 MW)
at Rogue substation, respectively.
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RYE PSH + OSW MODEL STRUCTURE

Research Hydro Plant(s) version
Forecasting Model (PSH)

f | g% Hi-Res Weather Pump Storage PSSE-WECC
<]

OUTPUTS by lease area OUTPUTS by lease area

O Congestion Relief

O Added resilience
value

O Improvement in
Wind Integration

Production—hourly
O Multiple years

O Aleutian Low and
North Pacific High

OUTPUTS by lease area

] ] _ : System and
Financial AnalySIS by scenario owner-operator results
Integrate benefit streams to avoid O Locational Matginal Frices. | A-LEAF at

(LMPs) by scenario

O Unused capacity
O Net present value (NPV) O Internal rate of return (IRR) O Ancillary Services

0O Benefit Cost Ratio (BCR) O Discounted Payback Period

double counting

selected bus

O Curtailment

Y
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WIND MODEL
EXPERIMENTAL DESIGN

= Model: Weather Research and
Forecasting (WRF) model simulates
atmospheric conditions over a large
spatial footprint, covering several
wind farms.
1 turbine / 2-km model grid cell

WRFv4.6.1
MYNN
Fitch
ERA5

2022-2024

Atmospheric variables
and wind power
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UMMARY OF THE POWER AND LOSS

Example of the final timeseries ® Points of Interconnection (POI)
Wendson
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SUMMARY OF WIND POWER AND LOSS

Net
Distance power | Loss
Wind Farmot (km) (MW) (%) —
Brooking Fairview 230 kV 136.29 2,010 1,116 1,061 3.67 Santiam

(42.140, (43.213199, Newport

-124.882) -124.075840) Toledo ——
Coos Bay  Wendson 230 kV 83.15 1,020 490 476 327 Coos-Ba e e
(43.812, (44.007475, x SRR =3
-125.010) -124.010613) W pow
Curry1 Gold beach 115kV ~ 4.22 228 82 81 1.04 Tahkenitch
(42.48, (43.107, -124.397) 1.2 ——
-124.356) GW
Curry2 34.26 234 104 101 2.50 Dixonville
(42789, lational|Forest
-124.345)
Coos'1 Bandon 115 kV 14.97 156 60 59 1.33
(42.975, (42.484, -124.407) Brookings
-124.434) =
Coos?2 5.17 174 56 55 1.04 : . %
(43.097,-124 GW ol L08Rl
.335)

Total 3,822 1,980 1,833  7.43
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ARGONNE LOW-CARBON ELECTRICITY
ANALYSIS FRAMEWORK (A-LEAF)

= |[ntegrated national-scale power system simulation framework developed at the Argonne National
Laboratory, used to analyze various issues related to the evolution of the nation’s power system.

= Suite of least-cost generation & transmission expansion, unit commitment, and economic dispatch
models

= Determine system optimal generation portfolio and hourly or sub-hourly unit dispatch under a range
of user-defined input assumptions for technology characteristics and system/market requirements

Embedded A-LEAF Tool
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POLICY OPTIONS OF THE PSHVT

Catego Price-influencer

Policy and Regulation Baseline: Investment Tax Credit (ITC) for PSH and

State renewable portfolio standard target/ ERUEIEE, Ui i A2 ST Ee) e
Clean Energy Standards (all cases) Adverse: No ITC for any resource

Aggressive: ITCs for all resource reinstated at a later date
Baseline: Expect Renewables Cost
Adverse: High Cost

Aggressive: Low Cost

Renewable Energy Costs
NLR 2024 Annual Technology Baseline

Baseline: Expected Natural Gas Prices

Natural Gas Prices
2025 Annual Energy Outlook

Adverse: High NG prices
Aggressive: Low NG prices
Baseline: Current growth at 1.6 percent per year

Load Growth Low: 1.1 percent
High: 2.1 percent
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A-LEAF AREA OF INTEREST

* A-LEAF has 134 Balancing Areas
0 Only interested in those BAs in states adjacent to Oregon
0 Providing resources by BAto PSSE model
0 PSSE provides resources to A-LEAF
0 Process continues until both models are equivalent

* Working to develop a 2032 version based on potential
resources by BA

* A-LEAF will implement
model with and without
PSH to determine
change in curtailment

o e « PSSE will evaluate

B i power flow and transient
| o TN stability

* Adjustments made until
system works

Wind/CSP Region
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CASES TO BE EVALUATED

* Brookings Oregon offshore wind to Fairview substation; Balancing Area (BA) 6
* Coos Bay Oregon offshore wind to Wendson substation BA-5

* Onshore wind — 4 wind farm Coos and Curry counties
e All Offshore wind and onshore wind

= Evaluation performed for both System and Owner-Operator with and without
Soldier Camp PSH
— System evaluates whether load-serving entity can afford to pay for the facility
due to reduced costs from with and without Soldier Camp PSH
— Owner-Operator determines whether developer could make an economic
return on the facility
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POWER FLOW, TRANSIENT STABILITY,
TRANSMISSION AND CONTINGENCY ANALYSIS

« Stability studies performed for multiple scenarios of Wind

4 )
Generation Penetration and PSH combination Damping ratio
« Matched A-LEAF’s BA GIS shape to WECC PSSE model using calculation
Homeland Security Infrastructure (HIFLD) database. > <
o ~ Critical clearing
BA load gnd Load and X time )
SN eneration Stability studies
scenario from dISga - y \f Frequency profi|e h
A-LEAF e ) and COI
N N frequency )
Power system case files Voltage stability
PSS/E (.raw and .dyr) under fault

PSH model (Siemens)

Wind Turbine model
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REPRESENTATION OF A-LEAF RESULTS IN
WECC

WECC Western Assessment

Different WECC scenarios summer, spring and winter conditions are used to represent
A-LEAF results
&) PSSCE
” SIEMENS
Load + :
: Scenario .
Generation generation g W
Appropriate ) NORTHEAST |
(8760 hourS) Sca“ng :"NORTHWEST
Convergence CENTRAL
(Day 227 Hour 15) status
3 DESERT ‘
Generation WECC Capacity | WECC case ALEAF Desired ALEAF Desired | WECC Scaled wC R ;“
(MW) Dispatch (MW) Capacity (MW) Dispatch (MW) Dispatch (MW)
Hydro 30145 24899 30925 20764 20240
PSH NA NA 575 550 550
Thermal 6217 5902 9440 6839 4504
Wind 5873 5103 11398 604 311
IBR (Includes 3260 1348 2852 1651 1887
BESS)

New scenario
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CONGESTION REDUCTION USING PSH (DAY 99
HOUR 16)

Displaying the impact of PSH in peak wind hours with all 4 new wind farms integrated. Pump mode operation

reduces congestion.
Without PSH (Day 99 Hour 16) With PSH
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PRICE-INFLUENCER MODELING IN THE PSHVT

« A-LEAF is embedded as an option .
P

— Users can choose the current approach for estimating PSH Energy Arbitrage Energy Arbitrage
. . Capacity Capacity Capacity
values using multiple external tools or select the A-LEAF I Al Frequency Frequency Frequency
. Regulation Regulation Regulation
opt
plion Spin/Non-Spin Contingency Contingency
Reserve Reserve
° Da'ta Flexibility Reserve  Flexibility Reserve
Black Start Service
_ : . LCUEUIES LG Transmission Transmission
Users can use the default national scale dataset provided Distribution Congestion Relief  Congestion Relief
in A-LEAF Services \ljolt-VgRD — Upgrade Deferral
pgraae berterra
- i i (oVES (T Y ST\ Power Reliability
The tool supports users as they define input data for their e —— ————
own analysis Charge
Management
P I I Indirect System Reduced Electricity
Alternative Scenarios
Reduced
— Natural gas prices and technology costs Curtailment of
. L. . Variable Generation
— Environmental policies and tax credits Reduced Outages
. Reduced Ramping
— 134 balancing areas around US of Thermal Units
Fuel Savings and
Diversification
 Use Cases
. . . Use Cases Evaluated in the PSHVT
— A-LEAF is customized to support several use cases in the
PSH valuation tool
ﬁ%u,s.nsw\nmswcr Argonne National Laboratory is a ’-i W/ A ﬁ
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PSH Owner-Operator Results by Wind Scenarios

* Dispatch and revenue at PSH
— The revenue of PSH is ranged from $23.25 million to $24.5 million.

— PSH is dispatched more and makes more revenue in the onshore wind case, because the prices
are more volatile at the bus where PSH is located when the system has more solar in this case.

PSH Dispatch in Generation/Charge

B+C+Onshore OnShore Only B Only C Only

U A N ®
S

N W

Generation/Charge (GWh)
-838888s3

Cases

M Generation M Storage_Charge_ MWh
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SYSTEM COST REDUCTION

The system avoided capital, avoided congestion cost, and reduced generation costs
are the major benefits of the candidate PSH from a system perspective.

System Cost Reduction

100
80
60
&
=
- 40
(%)
(&)
(& ]
20
0
B+C+0nshore (2023) B Only (2023) C Only (2023)
-20
Cases

B Total Avoid Peaking Captial Cost
Reduced_Generation_Cost
Reserve_Cont_Cost_Reduction

B Reserve_Flex_Cost_Reduction

B Reserve_Reg_Cost_Reduction
Avioded cost of congestion relief
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CAPACITY DIFFERENCE

P6 Capacity Difference Takeawa\/:

2000
o

1500

1000

500
p—]
0
h I .

-1000

-1500
B+C Difference (p6) B Difference (p6) C Difference (p6) Onshore Difference (p6)

M Coal Gas Nuclear B Hydro HEPV Wind M Battery M Biopower M Geothermal BCSP HMOGS MPSH

B=Brooking offshore wind; C=Coos Bay offshore wind

r;z’% U.S. DEPARTMENT OF _ Argonne National Laboratory is a
) U.S. Department of Energy laboratory
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PSH avoid investment in
battery and peak gas units, it
IS more prominent with the
case o onshore wind only,
where additional more PV is
invested.

Offshore wind replaced
Investment on PV investment
if compared offshore wind
and onshore wind cases.



BCA CALCULATOR & FINANCIAL WORKSHEETS

essed in current dollars Legend

s 1,150,926288

PSHVT BCA Calculator

BCA calculator defines a benefit-cost ratio, discounted payback period, net present value,

« BCA calculator runs the user i
through a series of data iy
requests R

« Model enables the user to N
define alternative scenarios, s
evaluate many use cases, o
and consider alternative WP —
debt structures, alternative s
depreciation methods, tax ™ eyt e
implications, salvage value, S
all capital and operations S
and maintenance costs, and
refurbishment costs
and an internal rate of return for each case
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FINANCIAL MODEL ASSUMPTIONS

Assumptions
Project name Soldier Camp|
Owner Rye Development
Capacity (MW) 575 Key Assumptions
Location Curry County, Oregon| CBA Life = 50 years
Equity % 50% Equity % = 50%
Project development period (years) 6 Discount rate = 9%
CBAperiod (years) 50 ITC = 50%
Economic Life (years) 50 . o
Nominal discount rate (%) 9% Remaining Value 40%
Start year of Development and Construction 2025
Base Year (Year 0) 2031
ITC % 50%
ITC Application (how funds received) ITCProgress Expenditures
Percent reduction in ITC from Basis 50%
Letter of Commitment Required No
Economy Inflation Rate (%) 2.3%
Percent of Life Remaining -any refurbishment 40%
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FINANCIAL FEASIBILITY OF OWNER-OPERATOR

APPROACH

Results dependent on capacity payment

(%) ENERGY 2

atory
gdbyUCI ago Ag LLC.

All Sites Brookings Coos Bay Onshore Only
Potential No| Potential No| Potential No| Potential
No Capacity CAISO| Capacityl CAISO| Capacity CAISO| Capacity CAISO
Payment| Payment| Payment| Payment| Payment| Payment| Payment| Payment
Total Revenue (20225) 24,407 104,112 24,212 | 103,918 25112 | 104,817 24,999 104,705
Net Present Value (NPV) (20255) (616,526) 62,899 | (618,330)] 61,280 | (609,987) 68,765 | (611,034) 67,827
Benefit to cost ratio (BCR) 0.32 1.06 0.32 1.06 0.33 1.06 0.32 1.06
Internal Rate of Return (IRR) i #NUM 102%|  #NUM 10.2%] #NUM 103%|  #NUM 10.3%
Discounted payback period (years) Unsolved 25.00 | Unsolved 25.00 | Unsolved 24.00 | Unsolved 24.00
Minimum Debt Service Coverage Ratio (1.81) 0.32 (1.82) 0.32 (1.79) 0.34 (1.79) 0.34
Breakeven Breakeven | Potential (Breakeven |Potential |Breakeven| Potential
Capacity Capacity |CAISO [Capacity |CAISO Capacity (CAISO
Payment Potential C/Payment |[Payment [Payment |Payment |Payment |Payment
Total Revenue (20225) 96, 666 104,112 96,606 | 103,918 96,606 | 104,817 96,606 | 104,705
Capacity Payment (52022) 72,260 79,706 72,454 | 79,706 71,555 79,706 71,668 79,706
Capacity Payment (52022) ($/kW-month) 11.80 13.02 11.83 13.02 11.69 13.02 11.70 13.02
Inflator 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09
Capacity Payment ($2025) ($/kW-month) 12.86 14.18 12.89 14.18 12.73 14.18 12.75 14.18
S Bl En e 25 \E}"_L Idoho National Laboratory el st Argonne -y
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FINANCIAL FEASIBILITY OF SYSTEM
PERSPECTIVE

Net Present Value (2025$) ($ Mil.) (29.00) (177.34) (161.41) (429.41) 0.00
Benefit to cost ratio (BCR) 0.97 0.83 0.84 0.55 1.00
Internal Rate of Return (IRR) 8.38% #NUM ” #NUM "~ #NUM 9.00%
Discounted payback period (years) Unsolved Unsolved Unsolved Unsolved 50.00
Minimum Debt Service Coverage Ratio 0.03 (0.44) (0.39) (1.23) 0.12
Revenue ($ Mil.) 93.24 75.73 77.61 45.98 96.6/
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CONCLUSIONS

» All base cases from the owner-operator perspective provide
approximately the same capacity payment requirement

— If only one wind farm location came online, a similar capacity payment
requirement would make the project potentially feasible

— If Rye can feasibly bid into the CAISO market, they would have a
profitable project with the given assumptions
* From the System perspective, only if all the farms came online would
the project be feasible

— If only Coos Bay or Brookings wind farms came online, Soldier Camp
would be almost feasible registering near 9 percent IRRs

* Indicates PSH not dependent on all wind farms coming online
— Only if the onshore wind farm came online, would the PSH be infeasible

- 7
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Contact Information

Mark Weimar
mweimar@anl.gov
(509) 627-8629
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OFFSHORE INTERCONNECTION POINTS

« Coos Bay[] Wendson NorthernGr|d
(North of Fairview)

* Brookings(] Fairview

~ salem]
Santiam __

Coos-Bay

Tahkenitch
=

A |
A
Bandon Gl ationalForest
I

nville

Brookings
Image Source:
https://www.northerngrid.net/private-media/docume O e
nts/2022 ESR_OSW_Approved.pdf e ...

Figure 2: Offshore wind request
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https://www.northerngrid.net/private-media/documents/2022_ESR_OSW_Approved.pdf
https://www.northerngrid.net/private-media/documents/2022_ESR_OSW_Approved.pdf

BPA EVOLVING GRID PROJECT 2.0

/ Seattlev i Spokane
: ‘7 L Grand Coulee- columbla-Schutlz 500kVLIne Upgmde)
.. TN T Legend
Yats, 72.  o Schultz-owmplaSokaLlneUpgrade)
Al K ) — 2 g F & :
L === FEvolving Grid Projects BPA Transmission Line

\- ,, o (Blg Eddy-Quenett Creek 230 KV Line Upgrade) BRigk
= ,% ,, e P (Ostranaer-Pean#1sookVL|mUpgrade] = =T . Evolving Grid Projects D BPA Service Area

o,,h of Pearly oo tlaz = ; Big E&;:y-Tne Dalles Line Rebuild) .
(salemmaUpgmdam(NonhofManon)} > ‘ ® Upgradlng
transmission in
Gomares 50500 Y Suboiion €67 1) * Coos and Curry
Counties not on
BPA’s current
project lists

< “(Lower Columbla to Bonanza)
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