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Pumped storage hydropower (PSH) is a
water battery:

» Two water reservoirs are configured
at different elevations that can

Transmission
Connection

generate power (discharge) as [ "

water moves down through a Upper Water /

turbine; and that draws power as it Conductor v

pumps water (recharge) to the \ I‘;‘?WEF

upper reservoir. \ ater Lower
Reservoir

Projects may be:

» Open loop - There is an ongoing

hydrologic connection to a natural
body of water Powerhouse

{'.‘,-::-‘nduc:tr:Jr—l

—_—

» Closed loop - Reservoirs are not
connected to an outside body of
water

Pumped storage hydropower
characteristics:
» Large (>100 MW), long duration
» Historically built for daily swings in

load and as a companion to large
thermo-electric generators

» Flexible resource that supports
reliability objectives

Conceptual Figure (Courtesy of John Frenzl, NREL)

Y Rocky Mountain, Oglethorpe
Power and Georgia Power
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Pumped Storage Hydropower us oeessruenror | Enerqy Effiiency &

(PSH) in the United States ENERGY | renevable Energy
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NERC Regions
ERCOT: Electric Reliability Council of Texas NPCC: Northeast Power Coordinating Council SPP: Southwest Power Pool

FRCC: Florida Reliability Coordinating Council RFC: ReliabilityFirst Corporation WECC: Western Electricity Coordinating Council
MRO: Midwest Reliability Organization SERC: SERC Reliability Corporation

Motes: The Alaska Systems Coordinating Council (ASCC) is an Affiliate NERC member. Commercial electric power providers in Hawaii are not affiliated with NERC.

eere.energy.gov
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PSH has been deployed o5 oemasenr o | Energy Efficiency &

internationally at larger scales ENERGY | renewabe Eneroy

Annual PSH capacity additions

Sl Table 2.1. Worldwide Deployment by Technology Type, 2018
0 Technology MW Deploved
Sodium sulfur 189
Lithium-ion 1,629
s s Lead acid 75
Sodium metal halide 19
I I I I I Flow battery 72
, m = _ mm B = PSH 169,557
© - CAES 407
S ’LQ’\//\ '19\'% w@lq i ’L@} '1,60 ’LQ;]?) Flywheels 931
Electrochemical capacitor 49
® china Total 172,928
Europe and Eurasia
@ Asia Pacific DOE Global Energy Storage Database, https://www.energystorageexchange.org/ 2018.

MENA
@ Sub-Saharan Africa

International Energy Agency, March 4 2019.
https://www.iea.org/newsroom/news/2019/march/will-pumped-storage-hydropower-capacity-expand-more-quickly-than-stationary-b.html
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The power system is changing...

U.S. DEPARTMENT OF

ENERGY
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Huge deployment of variable renewables creates new challenges

for reliability and market design
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Changing PSH operations in

Energy Efficiency &

the US and abroad ENERGY | renewable Energy

California 1SO System Net Load (GW)
Hourly Average for 3/25 to 3/31
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Figure from ORL Hydropower Market Report
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Hydropower is changing in
response! ENERGY | renewabie Energy

Energy Efficiency &

Helms PSH
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Hydropower is changing in s oeearment or | Energy Efficiency &

respo nse! ENERGY | renewable Energy

Omarugawa Pumped Storage Power Station:
Annual day vs. night start/stops from 2010 to 2018
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Energy Efficiency &
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Resources are starting to switch operations multiple times a day providing them the flexibility to

operate in new markets, while following dispatch orders very accurately

Daily Operation, 7 April 2019
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Hydropower is changing in

Energy Efficiency &

respo nse! ENERGY | renewabie Energy

Francis Turbine Relative Damage Drivers
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Hydropower can support grid

Energy Efficiency &

reliability during CA heatwaves ENERGY |rencwabic Eneroy

BPA Balancing Authority Load & Total Wind, Hydro, Fossil/Biomass, and Nuclear Generation, Last 7 days
12Aug2020 - 19Aug2020 (last updated 18Aug2020 12:00:38) '

Load — Wind —— Hydro

Fossil/Biomass Nuclear ]
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But there are challenges... ENERGY |Enerey Effcency &

Renewable Energy

As the electricity system is changing rapidly, there is limited
1 understanding of which services will be needed, as well as
limited ability to accurately value those services.

Hydropower and PSH capabilities are bounded by the
interaction of machines, water, and institutions, and some of
these bounds may result from legacy decisions that did not
consider evolving grid needs.

There are gaps in information regarding how to optimize
hydropower and PSH operations and planning in coordination
with other resources.

Current hydropower and PSH technology may not be designed
for flexible operation.

12 | Water Power Technologies Office eere.energy.gov



...and opportunities Energy Efficiency &

Renewable Energy

Hydropower and Water Innovation for a Resilient Electricity System

NyAr$WiR|

U.S. DEPARTMENT OF ENERGY

A new research initiative by DOE’s Water Power Technologies
Office to understand, enable, and improve hydropower’s

contributions to reliability, resilience, and integration in a
rapidly evolving electricity system.

13 | Water Power Technologies Office
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HydroWIRES Research Areas ENERGY | Enerey Effiency &

Renewable Energy
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U.S. DEPARTMENT OF ENERGY

Value under Evolving System Capabilities and Constraints
Conditions Investigate hydropower’s technical
Understand the rapidly changing grid and how capabilities to provide flexibility, as well
these changes create opportunities for as how constraints related to equipment,
Y hydropowerand PSH to provide newvalue. '\ water, and policy affect these
capabilities.

Y

Operations and Planning

Optimize hydropower operations and planning—
alongside other resources—to meet increased needs
for flexibility in the changing grid.

Technology Innovation
Invest in innovative technologies that improve
hydropower flexibility.
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Recent Activity: Valuation Guidance and Techno- .« ceearmuenror
Economic Studies for PSH

Energy Efficiency &

EN ERGY Renewable Energy

Objective: Advance the state of the art in the assessment of value of PSH
plants and their role and contributions to the power system

Specific goals:

1.Develop a comprehensive and transparent valuation guidance that will allow for
consistent valuation assessments and comparisons of PSH projects

2.Test the PSH valuation methodology by applying it to two selected PSH projects

3.Transfer and disseminate the PSH valuation guidance to the hydropower industry,
PSH developers, and other stakeholders

! Draft PSH
i Valuation
i Guidance

5 | :

PSH
Valuation
Guid_ance

p

Revise and
Publish

Valuation

Methodology

Draft
Valuation
Methodolog

Valuation
Methodology
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The Project Team is Collaborating with Two us oeeartvent or | Energy Efficiency &

|ndu5try Partners ENERGY Renewable Energy

Absaroka Energy National Grid & Rye Development
Banner Mountain PSH Goldendale Energy Storage Project

* 400 MW, quaternary technology * 1,200 MW, adjustable speed technology
* Closed loop * Closed loop

. SES hear Casper, WY * Site just north of OR/WA border

e o —
— e
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Proposed PSH Valuation Process ENERGY Energy Efficiency &

Renewable Energy

A Cost-Benefit and Decision Analysis Valuation Framework

Define Scope

*1. Provide Project Overview and Technology Description

+2. Define Valuation Question and Document Valuation Context
+ 3. ldentify the Set of Alternatives
+4 Determine Relevant Stakeholders and Define Boundaries

= Develop Valuation Critena

+5. Catalog Impacts and Metrics
6. ldentify Key Impacts and Metrics for Valuation

+ [ . Determine Evaluation Approach and Address Uncertainties
+§. Select Evaluation Methods and Tools
+9_ Develop Assumptions and Input Data

e Lectermine and Evaluate Results

+10. Assess Impacts for each Alternative

*11. Perform Integration of Valuation Results

+12. Conduct Cost-Benefit Analysis for each Alternative

+13. Perform Risk Assessment

*14. Perform Multi-Criteria Decision Analysis

*15. Compare Values, Document Analysis, and Report Findings
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Comparison of the Environmental Effects of Open-Loop and
Closed-Loop Pumped Storage Hydropower ENERGY | renewable Energy

U.S. DEPARTMENT OF Energy Efficiency &

« |dentify the potential

environmental effects OPEN-LOOP PUMPED-STORAGE HYDROPOWER CLOSED-LOOP PUMPED-STORAGE HYDROPOWER
Projects that are continuously connected to a naturally flowing water feature Projects that are not continuously connected to a naturally flowing water feature
of closed-loop PSH

projects, especially = - ‘ — =g
compared to open-loop O] | = \_’_‘
PSH projects

* Describe how the
effects are being
avoided, minimized, or
mitigated at existing _ A
projects in other e
countries and
proposed projects in
the US

« Discuss relative
significance of the
environmental issues

~ Penstock/Tunnel
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New PSH Technology R&D for Smaller-

Energy Efficiency &

Scale Systems ENERGY | renewable Energy

Modular Compressed-Air PSH (ORNL) | Small Modular Hydro Battery (Shell) Geomechanical PSH (Quidnet)

19 | Water Power Technologies Office eere.energy.gov



HydroWIRES Partners and Awardees

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy
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FOR HYDROPOWER TECHNOLOGY

Hydro
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ﬂ’il STEVENS =l

Awardees
nationalgrid

ELECTRIC POWER
RESEARCH INSTITUTE

kv INSTITUTE of TECHNOLOGY

Rye

Development

FIRT1

INTERNATIONAL
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OBERMEYERN yoro, INc.

MISSOURI

Sal

University of
Science & Technology

eere.energy.gov
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Th a n k yo u ! U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

l

yYars SWIRI

U.S. DEPARTMENT OF ENERGY

Samuel Bockenhauer, Ph.D.
HydroWIRES Initiative Lead

EERE Water Power Technologies Office
U.S. Department of Energy
Samuel.Bockenhauer@ee.doe.gov

Learn more at:
enerqgy.qgov/HydroWIRES
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