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Overview

This report, originally published in September 2023, has been revised in March
2024 to improve and correct calculations of technical specifications and costs
for water conductor components so that the model is more closely aligned
with the 1990 EPRI Pumped-Storage Planning and Evaluation Guide.

This report, originally published in September 2023, has been revised in March
2024 to improve and correct calculations of technical specifications and costs
for water conductor components so that the model is more closely aligned
with the 1990 EPRI Pumped-Storage Planning and Evaluation Guide.

With NREL's cost model for pumped storage hydropower technologies,
researchers and developers can calculate cost and performance for specific
development sites. Photo by Consumers Energy. Pumped storage hydropower
(PSH) plants can store large quantities of energy equivalent to 8 or more
hours of.

While there is a general understanding that pumped storage hydropower
(PSH) is a valuable energy storage resource that provides many services and
benefits for the operation of power systems, determining the value of PSH
plants and their various services and contributions has been a challenge. The.

The International Forum on Pumped Storage Hydropower's Working Group on
Capabilities, Costs and Innovation has released a new paper, 'Pumped Storage
Hydropower Capabilities and Costs' The paper provides more information and
recommendations on the financial side of Pumped Storage Hydropower and
its.

Comparing the costs of pumped hydro storage (PHS) to other energy storage
solutions involves examining both capital costs and operating characteristics.
Here’'s a breakdown of how PHS compares: Capital Costs: PHS projects
typically range from approximately $1,438 to $4,243 per kW, depending on
the.

The National Renewable Energy Laboratory has released an open-source
pumped storage hydropower cost model tool that estimates how much new
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PSH projects might cost based on specific site specifications like geography,
terrain, construction materials, and more. The tool integrates data from users

Pumped storage hydropower does not calculate levelized cost of energy
(LCOE) or levelized cost of storage (LCOS) and so does not use financial
assumptions. Therefore, all parameters are the same for the research and
development (R&D )and Markets & Policies Financials cases. 2024 ATB data
for pumped. Does pumped storage hydropower use financial assumptions?

Pumped storage hydropower does not calculate levelized cost of energy
(LCOE) or levelized cost of storage (LCOS) and so does not use financial
assumptions. Therefore, all parameters are the same for the research and
development (R&D )and Markets & Policies Financials cases. 2024 ATB data
for pumped storage hydropower (PSH) are shown above.

Is pumped storage hydropower a valuable energy storage resource?

March 2021 While there is a general understanding that pumped storage
hydropower (PSH) is a valuable energy storage resource that provides many
services and benefits for the operation of power systems, determining the
value of PSH plants and their various services and contributions has been a
challenge.

What is pumped storage hydropower (PSH)?

Pumped storage hydropower (PSH) can meet electricity system needs for
energy, capacity, and flexibility, and it can play a key role in integrating high
shares of variable renewable generation such as wind and solar.

What drives the total cost of a PSH system?

The biggest underlying drivers of total cost for large PSH are the power station
equipment cost, water conductor cost, and reservoirs, dams, and waterways
construction cost. For small PSH systems, the transmission cost is a much
more substantive cost component in relative terms.

What is a bottom-up PSH cost model?
The National Renewable Energy Laboratory (NREL) has thus created a more
detailed bottom-up PSH cost model that uses dozens of design choices,

system specifications, and industry cost relationships to assess costs with
much higher fidelity.
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What is a PSH cost model?

Overall, the cost model is the most detailed PSH cost model available to the
public. It is a versatile tool for exploring and estimating PSH costs for
hypothetical, proposed, or existing PSH sites, and it can be used to provide
insight into overall PSH cost/benefit trade-offs. Figure 1.
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Pumped hydro energy storage cost estimates

2022 Grid Energy Storage
Technology Cost and ...

The 2020 Cost and Performance Assessment
provided installed costs for six energy storage
technologies: lithium-ion (Li-ion) batteries, lead-
acid batteries, vanadium redox flow batteries,
pumped storage hydro, compressed-air ...
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Technology Strategy Assessment

About Storage Innovations 2030 This report on
accelerating the future of pumped storage
hydropower (PSH) is released as part of the

Storage Innovations (SI) 2030 strategic initiative.

NREL researchers develop
detailed cost ...

Researchers with the National Renewable Energy
Laboratory (NREL) have created a new cost-
estimation tool that can evaluate the potential
construction and labor costs associated with
closed-loop ...

Pumped Storage Hydropower
Capabilities and Costs

The paper provides more information and
recommendations on the financial side of
Pumped Storage Hydropower and its capabilities,
to ensure it can play its necessary role in the
clean energy transition.
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hydrogen energy storage pumped storage
hydropower gravitational energy storage
compressed air energy storage thermal energy
storage For more information about each, as well
as the related cost estimates, please click ...
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Pumped Storage Archives

As part of the "Valuation Guidance and Techno-
Economic Studies for Pumped Storage
Hydropower" project, this report defines and
evaluates cost and performance ...

How do the costs of pumped
hydro storage ...

Comparing the costs of pumped hydro storage
(PHS) to other energy storage solutions involves
examining both capital costs and operating
characteristics. Here's a breakdown of how PHS
compares:
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Energy Storage Feasibility and
Lifecycle Cost Assessment

Energy demand and generation profiles,
including peak and off-peak periods. Technical
specifications and costs for storage technologies
(e.qg., lithium-ion batteries, pumped hydro, ...

Pumped-Storage Hydropower ,
Electricity , 2021 , ATB, NREL

Operation and maintenance O& M costs and
round-trip efficiency (RTE) are based on

estimates for a 1,000-MW system reported in the

2020 DOE Grid Energy Storage Technology Cost
and ...
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PUMPED HYDRO COST MODELLING

Executive summary To inform future modelling
of Australia's National Electricity Market (NEM),
better information is needed on the cost of
pumped hydro energy storage projects (PHES) ...

Pumped Storage Hydropower
Capabilities and Costs

? The paper provides more information and
recommendations on the financial side of
Pumped Storage Hydropower and its capabilities,
to ensure it can play its necessary role in the
clean energy transition. Find out more about ...
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Pumped Storage Hydropower,
Water Research , NREL

NREL researchers created a national dataset of
PSH resources and costs, along with an
interactive map to explore the data. Built on
geospatial data, the map includes a plant's ...

A Component-Level Bottom-Up
Cost Model for Pumped ...

The National Renewable Energy Laboratory
(NREL) has thus created a more detailed bottom-
up PSH cost model that uses dozens of design

- choices, system specifications, and industry cost

High Voltage Box

NREL researchers develop
detailed cost ...

NREL researchers created a cost-estimation tool
to evaluate potential construction and labor
costs associated with closed-loop pumped
storage hydro.

) Improved Cost Estimates to
Boost Pumped Storage ...

Improved Cost Estimates to Boost Pumped
Storage Hydropower Construction Pumped

@] Tt s storage hydropower (PSH) facilities are like large
— batteries that use water and gravity. They can
store ...

] Mt contguation o
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Closed-Loop Pumped Storage
Hydropower Resource ... ,

4
Hydropower (including PSH) is not only a supplier ' i
of bulk, low-cost, renewable energy but also a
source of large-scale flexibility and a force
multiplier for other renewable power generation

2022 Grid Energy Storage
Technology Cost and ...

The 2020 Cost and Performance Assessment
provided installed costs for six energy storage
technologies: lithium-ion (Li-ion) batteries, lead-
acid batteries, vanadium redox flow batteries, ...

How does the cost of pumped
hydro storage ... =31

Reported cost estimates place pumped storage

hydropower around $165 per kWh of storage

capacity, which is lower than many other large-

scale storage technologies such as compressed

air energy storage.

- Energy storage costs

. Informing the viable application of electricity
g storage technologies, including batteries and
, pumped hydro storage, with the latest data and

analysis on costs and performance.

¢
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BraveNewClimate
Pumped-hydro is a mature technology and is
generally the least cost option for large scale . |
energy storage. This paper provides a rough cost
estimate for a pumped-hydro energy storage
facility that would utilise existing dams ...

® - The True Cost of Pumped

‘ ' Hydro: What Queenslanders

Need to ...

The cost projections for the Labor Government's
Pioneer-Burdekin Pumped Hydro project are
nothing short of alarming when stacked against
other comparable initiatives. ...

Pumped Storage Hydropower
Valuation ...

March 2021 While there is a general
understanding that pumped storage hydropower
(PSH) is a valuable energy storage resource that
provides many services and benefits for the
operation of power systems, determining the ...

Pumped Storage Hydropower
Cost Model , Water Research ,
NREL

T
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NREL's open-source, bottom-up PSH cost model
tool estimates how much new PSH projects might
cost based on specific site specifications like
geography, terrain, construction materials, ...
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Pumped Storage Hydropower
Valuation ...

Section 4 provides extensive technical detail on )
various methods and approaches that can be “'2;‘
used to assess, quantify, and estimate the value f/g’i——v
™
L

A\

of different PSH services and contributions to the
grid.

A

Techno-economic analysis of
implementing pumped hydro
energy storage ...

The study first explores the economics and
operations of different electricity storage and
generation methods, emphasizing the viability of
Pumped Hydro Storage (PHS) for ...

Concept for cost-effective
pumped hydro energy storage
system ...
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Cost-effectiveness is an approach comes in
handy in determining or selecting one project
from several available options. In this approach,
several tools or techniques are applied ...

Pumped Storage Costs

Proposed Pumping Cost The short run marginal
cost of producing energy using a pumped
storage hydroelectric turbine is the cost of
pumping water to the reservoir divided by ...
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Queensland's giant Borumba
storage plan will cost ...

The Queensland government has announced that
the cost of the 2GW, 24 hour (48GWh) Borumba
pumped hydro station, located 80km west of
Noosa, will be around $14 billion. That is still an
early cost

Pumped-hydro energy storage
- cost estimates for a feasible

Pumped-hydro is a mature technology and is
generally the least cost option for large scale
energy storage. This paper provides a rough cost
estimate for a pumped-hydro ...
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A PUMPED HYDRO ENERGY
STORAGE ANALYSIS:

EXECUTIVE SUMMARY This report reviews
California's electricity storage needs and whether
pumped hydroelectric storage (pumped storage)
can help to serve those ...

gi“iﬁi-gis;-:

How do the costs of pumped
hydroelectric energy ...

Pumped hydro is recognized as the cheapest
energy storage technology globally on a cost per
kWh basis, making it economically favorable for
large-scale, long-duration grid energy storage.
However, the ...
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NREL releases online tool to
estimate pumped ...

The US Department of Energy's National
Renewable Energy Laboratory (NREL) has
released a cost-estimation tool for new closed-
loop pumped storage hydropower (PSH) plants in 4
the United States. The
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