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Overview

It is often mistakenly considered a tapped resource, but according to the U.S.
Department of Energy’s 2016 Hydropower Vision report, hydropower’s
capacity can sustainably add 50 new gigawatts by 2050 — 36 GW of which is
pumped storage. The National Hydropower Association (NHA) released the
2024. 

It is often mistakenly considered a tapped resource, but according to the U.S.
Department of Energy’s 2016 Hydropower Vision report, hydropower’s
capacity can sustainably add 50 new gigawatts by 2050 — 36 GW of which is
pumped storage. The National Hydropower Association (NHA) released the
2024. 

This report on accelerating the future of pumped storage hydropower (PSH) is
released as part of the Storage Innovations (SI) 2030 strategic initiative. The
objective of SI 2030 is to develop specific and quantifiable research,
development, and deployment pathways to achieve the targets identified. 

NREL experts are developing tools and partnering with industry to unlock the
full potential of pumped storage hydropower (PSH)—a form of hydropower
used to generate electricity, store energy, and provide grid services. Image
from IKM 3D. Pumped storage hydropower facilities rely on two reservoirs. 

In this guest article, Chris Baker, Founder and CTO of Sunshine Hydro, shares
a bold vision for how combining pumped storage hydropower with
complementary technologies – in what he calls the “Superhybrid” model –
could unlock long-duration storage, reduce project risk, and reshape energy
economics. What are the research trends in pumped hydro energy storage?

Journal of Energy Storage is the leading journal in the research area. Large-
scale energy storage solutions have become increasingly critical as the global
energy sector shifts towards renewable sources. This study conducted a
comprehensive bibliometric analysis of global research trends in pumped
hydro energy storage (PHES) from 2003 to 2023. 

What is pumped storage hydropower?
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Pumped storage hydropower stores energy and provides services for the
electrical grid. This Review discusses the types, applications and broader
effects of this form of grid-scale energy storage. 

What are the economic and environmental impacts of pumped storage
hydropower?

Fig. 4: Economic and environmental factors and impacts. Pumped storage
hydropower provides energy storage for power systems, ancillary grid services
and water management, but also has economic and environmental impacts.
GHG, greenhouse gas; VRE, variable renewable energy. 

What are life-cycle assessments of pumped hydropower storage (PSH)?

Detailed life-cycle assessments 245, 246 (life-cycle assessment of pumped
hydropower storage) are ongoing to understand environmental impacts of PSH
in a similar way to conventional hydropower 247, 248 and other storage
technologies 249, 250. 

What is pumped storage hydropower (PSH)?

Pumped storage hydropower (PSH) is a proven energy storage technology. Its
earliest U.S. operations date back to the 1929 commissioning of the Rocky
River PSH project in Connecticut . 

Can pumped storage hydropower be used in areas that are not practical?

Forms of PSH that are seawater-based, small-scale or based at former mining
sites could potentially mitigate some of these impacts and enable PSH
development in areas where it is not currently practical. Pumped storage
hydropower stores energy and provides services for the electrical grid.
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Future scale of pumped hydro energy storage

  

Pumped storage hydropower
operation for supporting clean
...

Pumped storage hydropower (PSH) provides the
largest form of energy storage in power grids,
with 179 GW installed globally as of 2023.

  

Technology Strategy Assessment 

DOE's Earthshot initiative aims to achieve a 90%
reduction in the cost of long-duration energy
storage (LDES) by 2030, while the Energy
Storage Grand Challenge Roadmap calls for a ...

  

Hydropower and Energy
Storage Solutions

Pumped storage hydro's grid scale and long
duration storage are vital to moving renewable
energy integration beyond the 45% level and will
be essential as states seek to increase renewable
portfolio ...

  

The future of energy storage:
how pumped hydro storage
can ...

Pumped hydro storage is set to play a significant
role in shaping the future of energy storage. It
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has the potential to revolutionise the way we
store and use renewable ...

  

Pumped Storage Hydropower
Projects Around the ...

Explore some of the most innovative and exciting
pumped storage hydropower projects happening
around the world and what they mean for the
future of energy.

  

Pumped Storage Hydro 

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 ...

  

Energy storage systems impact
on Egypt's future energy mix
with ...

That is with considering various types of energy
storage including pumped hydropower, electro-
chemical (Redox flow battery) and (Li-Ion
battery), and hydrogen energy. ...
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Pumped Hydro Storage 

Large-scale: This is the attribute that best
positions pumped hydro storage which is
especially suited for long discharge durations for
daily or even weekly energy storage applications.
Cost-effectiveness: thanks to its ...

  

Pumped storage hydropower:
Water batteries for ...

Pumped Storage Hydropower Water batteries for
the renewable energy sector Pumped storage
hydropower (PSH) is a form of clean energy
storage that is ideal for electricity grid reliability
and stability. PSH complements ...

  

Pumped Storage Hydropower
Capabilities and Costs

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, ...

  

A review of pumped hydro
energy storage

Batteries are rapidly falling in price and can
compete with pumped hydro for short-term
storage (minutes to hours). However, pumped
hydro continues to be much cheaper for large-
scale energy storage ...
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Pumped storage and the future
of power systems

Figure 2: The plot above visualises (logarithmic
scale used) the estimated discharge durations
relative to installed capacity and energy storage
capacity for some 250 pumped storage stations
currently in ...

  

Pumped-storage hydroelectricity 

Pumped-storage hydroelectricity (PSH), or
pumped hydroelectric energy storage (PHES), is
a type of hydroelectric energy storage used by
electric power systems for load balancing. A PSH
...

  

Pumped Storage Hydropower ,
Water Research , NREL

NREL experts are developing tools and
partnering with industry to unlock the full
potential of pumped storage hydropower
(PSH)--a form of hydropower used to generate ...

  

Pumped Hydro 

The history of pumped hydro power storage
(PHPS) systems is a testament to human
ingenuity in harnessing natural resources for
energy needs. This chapter explores the origins,
development, and current state ...
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Pumped Hydro: The Future of
Utility-Scale Energy Storage

Pumped hydro energy storage (PHES) is poised
to become a pivotal technology for large-scale
energy storage systems due to its unique
advantages and capabilities. 1. ...

  

Pumped Storage Hydropower:
Powering Southeast Asia's
Energy Future

By capturing excess renewable energy and
storing it for future use, PSH smooths out these
fluctuations, helping maintain grid stability and
prevent blackouts.

...  
  

Pumped storage plants in
India: assessing policies and
progress

ESS technologies enable the conversion of
electricity into other forms of energy for storage
and later use. Among these, pumped storage
plants (PSPs) remain one of the ...

  

A Review of Pumped Hydro
Storage Systems 

At its core, a pumped hydro storage system is a
large-scale, reversible energy storage technology
that utilizes the potential energy of water to
store and release electricity. By capitalizing on
the simple principle of converting ...
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Pumped Storage 

Hydropower is making its comeback, and not just
as a generation source. Water can act as a
battery, too. It's called pumped storage and it's
the largest and oldest form of energy storage in
the country, and it's the most efficient ...

  

Status of Pumped Storage
Hydroelectricity and Its Future
in the ...

Pumped storage is an efficient way to store
energy, mainly consisting of two reservoirs and a
waterwheel system connecting the upper and
lower reservoirs. It us

  

A battery by any other name:
Rethinking energy storage

This digital mock-up showcases a pumped
storage hydropower plant in action. This form of
renewable energy stores electricity efficiently
and boasts the lowest greenhouse ...

  

Low-head pumped hydro
storage: A review of applicable
...

A general overview and the historical
development of pumped hydro storage are
presented and trends for further innovation and
a shift towards application in low-head ...
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Pumped hydro energy storage
to support 100% renewable
energy

Long-duration energy storage is required to
support future solar-dominated energy systems.
The purpose of this study is to draw attention to
the fact that off-river PHES ...

  

Pumped hydropower energy
storage 

Opening Pumped hydropower storage (PHS), also
called pumped hydroelectricity storage, stores
electricity in the form of water head for
electricity supply/demand balancing. For ...

  

SSE and Gilkes Energy submit
plans for new pumped hydro
storage ...

It is now progressing development plans for new
pumped storage hydropower projects in the
Highlands to complement its existing fleet and
deliver the large-scale, long ...

  

Pumped Storage Hydropower 

Pumped storage hydropower (PSH) is a type of
hydroelectric energy storage. It is a configuration
of two water reservoirs at different elevations
that can generate power as water moves down
from one to the other (discharge), ...
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Pumped Hydro Energy Storage
Plants in China: ...

In light of the soaring growth of pumped hydro
energy storage (PHES) plants in China in recent
years, there is an urgent need for a
comprehensive understanding of their
developmental trajectory and the ...

  

Pumped hydro and batteries
can meet energy storage
needs, ...

A new Australian National University study says
long-duration pumped hydro on non-river sites,
combined with batteries, can meet global energy
storage needs.

  

Pumped hydro energy storage
system: A technological review

The pumped hydro energy storage (PHES) is a
well-established and commercially-acceptable
technology for utility-scale electricity storage and
has been used ...

  

Global Atlas of Closed-Loop
Pumped Hydro ...

Energy storage will be necessary to support large
fractions of wind and solar PV penetration in
electricity networks. Studies at a world wide 2,3
and country-level scale 4-8 have identified that
storage will be ...
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A bird's eye view of pumped
hydro energy storage: A
bibliometric  

Large-scale energy storage solutions have
become increasingly critical as the global energy
sector shifts towards renewable sources. This
study conducted a comprehensive ...

  

(PDF) A Review of Pumped
Hydro Storage ...

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