
Pumped-hydro energy storage cost
estimates for a feasible system

What is pumped-hydro energy storage?

Pumped-hydro energy storage is a mature technology and 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 utilize

existing dams and reservoirs in the Australian Snowy Mountains Hydro Electric Scheme.

 

Is pumped hydro storage a good investment?

Off river PHES is likely to have low environmental impact and low water consumption. Importantly, the

known cost of pumped hydro storage allows an upper bound to be placed on the cost of balancing 100%

variable renewable electricity systems.

 

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 is the cost of a pumped storage system?

If the construction costs are closer to $15 billion than the estimated $7 billion,then the cost per installed kW

would be around $2,000/kW,which is approximately what pumped storage schemes cost these days.

 

What is weekly pumped hydro storage (WPHS)?

Weekly pumped hydro storage (WPHS) is designed to integrate and store energy from intermittent sources

such as wind and solar[39-41]. These plants have received increased focus in recent years. These plants have

small reservoirs in the order of 108 to 5 109 m3.

 

How much energy does an off-River pumped hydro system store?

Thus,a 1 h battery with a power of 0.1 GW has an energy storage of 0.1 GWh. In contrast,a 1 GW off-river

pumped hydro system might have 20 h of storage,equal to 20 GWh. Planning and approvals are generally

easier,quicker,and lower cost for an off-river system compared with a river-based system.

To explain the historic market dominance of PHS and understand recent trends, several factors have to be

taken into account. Pumped hydro storage utilising reversible pump-turbines has been available as a mature

and cost-effective solution for the better part of a century with an estimated energy based capital cost of 5-100

$/kWh [10].

Hydropower energy storage has been a part of the energy grid of many countries since the very birth of

hydropower plants. Plausibly, due to the ease of energy generation and the flexible energy storage ... between

$1800 - $3200/kW for adjustable-speed PSH plants, and the second estimate of $2230/kW was taken from a

Black & Veatch report (2018 ...
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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.

? 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

Novel analysis of unique building with integrated pumped hydro energy storage system. ... the cost

parameterisation done for high-capacity PHES (usually in the form of EUR/kW or EUR/kW h cost estimates)

... New technology and possible advances in energy storage. Energy Policy, 36 (2008), pp. 4368-4373.

In recent years, pumped hydro storage systems (PHS) have represented 3% of the total installed electricity

generation capacity in the world and 99% of the electricity storage capacity [5], which makes them the most

exte nsively used mechanical storage systems [6]. The position of pumped hydro storage systems among other

energy storage solutions is

range of technical configurations of PSH systems and by using a cost model that better estimates cost of PSH

development in the U.S. context. Pumped storage hydropower represents the bulk of the United States'' current

energy storage capacity: 23 gigawatts (GW) of the 24-GW national total (Denholm et al. 2021). This capacity

Pumped storage hydropower does not calculate LCOE or LCOS, so do not use financial assumptions. ... costs

and round-trip efficiency are based on estimates for a 1,000-MW system reported in the 2020 DOE

&quot;Grid Energy Storage ... Vilayanur Viswanathan, Jan Alam, Charlie Vartanian, Vincent Sprenkle, and

Richard Baxter. "2020 Grid Energy Storage ...

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 and reservoirs in the Australian Snowy Mountains Hydro ...

Pumped Storage Hydropower is a mature and proven technology and operational experience is also available

in the country. CEA has estimated the on-river pumped storage hydro potential in India to be about 103 GW.

Out of 4.75 GW of pumped storage plants installed in the country, 3.3 GW are working in pumping mode, and

This system is equipped with a photovoltaic (PV) system array, a wind turbine, an energy storage system

(pumped-hydro storage), a control station and an end-user (load). This whole system can be isolated from the

grid, i.e., a standalone system or in a grid connection where the control station can be the grid inertia capacity.
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Figure ES 1 shows the high, median, and low cost pumped storage cost classes. NREL''s data show that

median-cost pumped storage systems are more expensive than 10-hour duration lithium-ion batteries by 2025

and by 2030 lithium-ion batteries'' costs will be similar to even the lowest cost pumped storage cost estimate.

Energy Storage Comparison (4-hour storage) Capabilities, Costs &  Innovation *Source: US DOE, 2020 Grid

Energy Storage Technology Cost and Performance Assessment **considering the value of initial investment

at end of lifetime including the replacement cost at every end-of-life period Type of energy storage

Comparison metrics Pumped Storage Hydro

Photo by Consumers Energy. Pumped storage hydropower (PSH) plants can store large quantities of energy

equivalent to 8 or more hours of power production. ... An estimated total direct and indirect construction cost

of a PSH system. Pumped Storage Hydropower Site Components. ... Given the uncertainty in cost estimates,

the model is set up to ...

5.1. Introduction. Pumped hydro storage (PHS) is a form of energy storage that uses potential energy, in this

case, water. It is a very old system; however, it is still widely used nowadays, because it presents a mature

technology and allows a high degree of autonomy, as it requires neither consumables nor cutting-edge

technology in hands of a few countries.

Resource assessment assumptions are documented by (Rosenlieb et al., 2022), and subsequent updates are

described on the National Renewable Energy Laboratory''s (NREL''s) resource data web page Closed-Loop

Pumped Storage Hydropower Supply Curves. The cost model used to estimate site-level capital costs is

described in (Cohen et al., 2023). The ATB ...

In O& M costs pumped water storage facilities have a distinct advantage over the long term. The Taum Sauk

Storage Facility and the Ludington Storage Facility have similar O& M costs of $5.64/kW-year and

$2.12/kW-year. [7] The various O& M costs of several pumped water storage facilities can be seen in Table 2.

[7] Increased Productivity

Analysis of the potential for transformation of non-hydropower dams and reservoir hydropower schemes into

pumping hydropower schemes in Europe Roberto Lacal Ar&#225;ntegui, Institute for Energy and Transport,

Joint Research Centre of the European Commission, Petten, the Netherlands. Niall Fitzgerald and Paul Leahy,

Sustainable Energy Research Group,

International Forum on Pumped Storage Hydropower Capabilities, Costs &  Innovation Working Group 4

Introduction Pumped storage hydropower (PSH) operates by storing electricity in the form of gravitational

potential energy through pumping water from a lower to an upper reservoir (Figure 1). There are two principal

categories of

A pumped hydro energy storage (PHES) site requires two water bodies at different altitudes. ... We found
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about 616,000 potentially feasible Greenfield PHES sites with storage potential of about 23 million

Gigawatt-hours (GWh) by using geographic information system (GIS) analysis. ... would be expected to cost

around half that of rank E. Larger ...

While pumped-storage hydropower (PSH) provides 95% of utility-scale energy storage in the United States,

long lead times, high capital costs, and site selection difficulties have hampered new project deployments.

However, Houston-based Quidnet Energy is taking an alternative approach to conventional PSH development.

 Web: https://www.wholesalesolar.co.za
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