Pumped storage hydroelectric projects have bee_ s
providing energy storage capacity and transmission
grid ancillary benefits in the United States and
Europe since the 1920s. Today, the 43
pumped-storage projects operating in the United
States provide around 23 GW (as of 2017), or

nearly 2 percent, of the capacity of the electrical
supply system
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Pumped Storage Hydropower: Benefits for Grid
Reliability and Integration of Variable Renewable
Energy ix Executive Summary Pumped storage
hydropower (PSH) technologies have long provided
a form of valuable energy storage for electric power

systems around the world. A PSH unit typically
T pumps water to an

Pumped storage hydro (PSH) is a large-scale
method of storing energy that can be converted into
hydroelectric power. The long-duration storage
technology has been used for more than half a
century to balance demand on Great Britain's
electricity grid and accounts for more than 99% of
bulk energy storage capacity worldwide.
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Learn how pumped storage hydropower acts as
energy storage for the electrical grid. (Video by the
Department of Energy) PSH works by pumping and
releasing water between two reservoirs at different
elevations. During times of excess power and low
energy prices, water is pumped to an upper
reservoir for storage.
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Pumped storage hydro (PSH) must have a central
role within the future net zero grid. No single
technology on its own can deliver everything we
need from energy storage, but no other mature
technology can fulfil the role that pumped storage

needs to play. It is a mature, cost-effective
energy-storage technology capable of delivering
storage

Pumped storage hydropower (PSH) is very po ular
because of its large ¢ pacity and low c st. The urrent
main pumped storag hydropower technologies are
conventional pumped storage hydropower (C-PSH),
adjustable spe d umped storage hydropower
(AS-PSH) ternary pumped storage hydropower
(T-PSH). This paper aims to a alyze the principles,
advantages

Pumped storage is one of the most cost-effective

utility-scale options for grid energy storage, acting
as a key provider of what is known as ancillary
services. Ancillary services include network

frequency control and reserve generation ??7? ways
of balancing electricity across a ???
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Pumped storage hydropower (PSH) is a proven and
low-cost solution for high capacity, long duration
energy storage. PSH can support large penetration
of VRE, such as wind and solar, into the power
system by compensating for their variability and ??7?

-

Pumped-storage hydropower (PSH) is a type of

/[\ hydroelectric energy storage. It is a configuration of
pa two water reservoirs at different elevations that can
’ generate power (discharge) as water moves down

through a turbine; this draws power as it pumps
water (recharge) to the upper reservoir.

Pumped storage hydropower (PSH) long has played
an important role in Americas reliable electricity
landscape. The first PSH plant in the U.S. was
constructed nearly 100 years ago. Like many
traditional hydropower projects, PSH provides the
flexible storage inherent in reservoirs. And with its
pumping mode, PSH brings the added
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Pumped storage hydropower has proven to be an
ideal solution to the growing list of challenges faced
by grid operators. As the transition to a clean energy
future rapidly unfolds, this flexible technology will
become even more important for a reliable,
affordable and low carbon grid, write IHA analysts
Nicholas Troja and Samuel Law.

Learn what they are, how they work, and the
benefits of pumped storage hydropower plants for
reliable and sustainable renewable energy.
Hydroelectric power plants, which convert hydraulic
energy into electricity, are a major source of
renewable energy. There are various types of
hydropower plants: run-of-river, reservoir, storage or
pumped

A chart showing the global amount of megawatts
produced, since the 1920s, using hydropower by
traditional and pumped storage facilities as well as
others. The chart shows a significant increase in
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About Pumped Storage Hydropower. PSH, can act
) as a "water battery” and help alleviate the tandem
— . challenge of integrating a growing amount of
‘ - variable renewable resources into the grid while
maintaining reliability. It generates power the same

°- way a traditional hydropower plant does, by using a
turbine and generator to transform the kinetic

Closed-loop pumped storage hydropower systems
rank as having the lowest potential to add to the
problem of global warming for energy storage when
accounting for the full impacts of materials and
construction, according to analysis conducted at the
U.S. Department of Energy's (DOE"s) National
Renewable Energy Laboratory (NREL).

??? 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. Download the Guidance note for
de-risking pumped storage investments. Read more
about the Forum's latest outcomes
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Pumped storage hydropower (PSH), "the world's
water battery"”, accounts for over 94% of installed
global energy storage capacity, and retains several
advantages such as lifetime cost, levels of
sustainability and scale. The existing 161,000 MW

of pumped storage capacity supports power grid
stability, reducing overall system costs and sector

Pumped storage hydro ??? "the World's Water
Battery" Pumped storage hydropower (PSH)
currently accounts for over 90% of storage capacity
and stored energy in grid scale applications globally.
The current storage volume of PSH stations is at
least 9,000 GWh, whereas batteries amount to just
7-8 GWh. 40 countries with PSH but China, Japan

Pumped Storage Hydropower Smallest U.S. Plants
Flatiron (CO) ??78.5 MW (Reclamation) O"Neil (CA)
???25 MW Largest U.S. Plant Rocky Mountain (GA)
???2100 MW Ludington (MI) ???1870 MW First
Pumped Storage Project Switzerland, 1909 First
U.S. Pumped Storage Project Connecticut, 1930s
-Rocky River (now 31 MW) Most Recent U.S.
Pumped Storage Project

o
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Pumped storage hydropower acts like a giant water
‘ battery, storing excess energy when demand is low
and releasing it when demand is high, offering a
flexible and reliable solution for energy
s - management. While it provides significant benefits
like grid stabilisation, rapid energy provision during
peak times, and supports the integration of
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Researchers from the National Renewable Energy
A N/ Laboratory (NREL) conducted an analysis that

! demonstrated that closed-loop pumped storage
hydropower (PSH) systems have the lowest global
warming potential (GWP) across energy storage
technologies when accounting for the full impacts of
materials and construction.. PSH is a configuration

of two water ???

ATB data for pumped storage hydropower (PSH)
are shown above. Base Year capital costs and
resource characterizations are taken from a national
closed-loop PSH resource assessment completed
under the U.S. Department of Energy (DOE)

\ ) HydroWIRES Project D1: Improving Hydropower

| ”:* and PSH Representations in Capacity Expansion

RaIE
Jm Models.
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A pumped-storage plant works much like a
conventional hydroelectric station, except the same
water can be used over and over again. Water
power uses no fuel in the generation of electricity,
making for very low operating costs. Duke Energy
operates two pumped-storage plants ??7? Jocassee
and Bad Creek.

Pumped hydro storage is often overlooked in the
U.S. because of concern about hydropower's impact
on rivers. But what many people don"t realize is that
most of the best hydro storage sites

With the increasing global demand for sustainable
energy sources and the intermittent nature of
renewable energy generation, effective energy

215KWH : .
storage systems have become essential for grid

768V 280Ah

stability and reliability. This paper presents a
comprehensive review of pumped hydro storage
(PHS) systems, a proven and mature technology
that has garnered significant interest in ???
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