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Abstract

From the outset, aligning production with energy consumption has been a primary concern
for operators of power generation and distribution networks. After World War 11, as nuclear
energy gradually became a reliable source of electricity generation in many European and North
American countries, the development of pumped storage power plants was considered to convert
nuclear baseload electricity into peak electricity through storage. In the 1990s, due to increasing
environmental concerns and a decline in the development of nuclear power plants, there was a
notable decrease in the development of new Pumped Hydro Storage (PHS) plants. After the year
2000, with the growing importance of climate change and the increasing demand for renewable
energy sources, the outlook changed significantly. A renewed interest in Pumped Hydro Storage
(PHS) emerged. Asia, led by countries such as China, Japan, and India, holds global leadership
in the development of PHS plants with an installed capacity of 138,000 MW. This includes
77,000 MW under construction and 61,000 MW currently in operation. The majority of PHS
capacity in European and North American countries is attributed to developments made prior to
the 21st century. Europe ranks second globally in pumped hydro storage (PHS) capacity with a
total of 27.8 GW. This includes 2.5 GW under construction and 25.3 GW currently in operation.
North America has a total pumped hydro storage (PHS) capacity of 14.6 GW, comprising 900
MW under construction and 13.7 GW currently in operation. This article provides an analysis of
current and emerging trends, technical challenges, and environmental impacts related to pumped
hydro storage (PHS) systems. It examines the critical role of PHS systems in integrating
renewable energy sources, meeting peak demand, and enhancing grid stability. Additionally, the
article identifies potential regions for future research and development efforts. Furthermore, by
offering insights into the challenges and opportunities associated with PHS systems, the article
examines their potential to contribute to a sustainable and reliable energy future.
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