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Pumped Hydro Energy Storage Cost Estimates for a Feasible System

The Economics of Pumped Hydro: Why It's Still the Storage Champion

When it comes to grid-scale energy storage, pumped hydro has been doing heavy lifting since the 1890s -
think of it as the energetic grandparent of modern storage solutions. Recent data shows pumped hydro storage
(PHS) maintains a significant cost advantage with levelized costs of energy (LCOE) ranging from $0.21 to
$0.25 per kWh, roughly half the cost of lithium-ion battery systems. But how does this century-old technology
keep outperforming shiny new alternatives?

Breaking Down the Cost Components
A typica 1.2GW pumped hydro facility requires.

40% of costs allocated to civil engineering (tunnels, dams, reservoirs)
15-20% for turbine-generator sets

10% for electrical infrastructure

30-35% for project development and contingency

Unlike battery systems that need replacement every 8-15 years, PHS plants offer 50-60 years of service for
rotating equipment and century-long viability for dams. The 360MW Fengning Station in China demonstrates
this longevity - its concrete structures will outlive most engineers who built them!

Location, Location, Elevation: The Geography Factor

Finding suitable sites is like searching for the perfect coffee shop - needs the right ambiance (geology),
proximity (to grid connections), and elevation change (at least 300 meters preferred). Development costs
swing wildly based on terrain:

Site Type
Cost per kKW
Project Timeline

Brownfield (retired mines)
$1,200-$1,800
5-7 years

Greenfield (mountainous)
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$1,800-$2,500
8-12 years

The Maintenance Paradox

While requiring less frequent maintenance than batteries, PHS overhauls are like open-heart surgery - a 5-year
turbine refurbishment can cost $15-$20 million. But spread over 60 years, this trandates to just $0.003/kWh in
mai ntenance costs.

When Numbers Meet Reality: Case Studies

The Bath County Station in Virginia (3GW capacity) operates at 78% round-trip efficiency - better than most
CAES systems. Meanwhile China's new hybrid plants combine PHS with floating solar, reducing land use by
40% while adding 200MW of PV generation.

For investors eyeing the storage marathon (not sprint), pumped hydro offers the ultimate endurance play. As
one project developer quipped, "Our turbines will outlast your Teslas great-grandchildren’'s Tedlas." With
capacity factors exceeding 85% and operational lifetimes measured in decades, PHS continues to set the

benchmark for bulk energy storage economics.

Web: https.//www.sphoryzont.edu.pl
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