PUMPED HYDROELECTRIC STORAGE

8.1 Overview

Hydroelectric storage is a process that converts electrical energy to potential
energy by pumping water to a higher elevation, where it can be stored indefinitely and
then released to pass through hydraulic turbines and generate electrical energy.

A typical pumped-storage development is composed of two reservoirs of equal
volume situated to maximize the difference in their levels. As diagramed in Figure 8.1,
these reservoirs are connected by a system of waterways along which a pumping-
generating station is located. Under favorable geological conditions, the station will be
located underground, otherwise it will be situated on the lower reservoir. The principal
equipment of the station is the pumping-generating unit, which is generally reversible
and used for both pumping and generating, functioning as a motor and pump in one
direction of rotation and as a turbine and generator in opposite rotation.
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Figure 8.1  Diagram of a pumped storage facility. (Source: Tennessee Valley
Authority)
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Pumped storage plant costs are generally higher than $1,800 per kW and are
characterized by long construction times. They serve to provide load shifting, frequency
control, and spinning reserve for utilities. Capacity ranges from less than 1 MW to
2 GW, and full-power discharge times can be up to ten hours.

8.2 Installations

Pumped storage is the most widespread energy storage system in use for utility
applications. Worldwide there is over 90 GW of pumped storage in operation,
contributing about 3% of global generation capacity. In the U.S., pumped storage
accounts for about 2.5% of baseload generating capacity.

There are some 150 operational pumped-storage facilities in the United States,

with a total capacity of over 25 GW. The largest facilities are as follows:
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Location Facility Capacity

« California Castaic Dam 1,566 MW
» California Edward C. Hyatt 780 MW
« California Helms 1,200 MW
» California John S. Eastwood 200 MW
« California Pyramid Lake 1,495 MW
» California San Luis Dam 424 MW
+ Colorado Cabin Creek 324 MW
» Colorado Mount Elbert 1,212 MW
+ Connecticut Rocky River/Candlewood Lake 31 MW
+ Georgia Rocky Mountain Pumped Storage Station 848 MW
+ Georgia Wallace Dam, Lake Oconee/Lake Sinclair 208 MW
* Massachusetts Bear Swamp 600 MW
* Massachusetts Northfield Mountain 1,080 MW
* Michigan Ludington 1,872 MW
* New Jersey Mt. Hope 2,000 MW
* New Jersey Yards Creek Generating Station 400 MW
* New York Blenheim-Gilboa 1,200 MW
* New York Lewiston Pump-Generating Plant 240 MW
+ Oklahoma Salina Pumped Storage 260 MW
* Pennsylvania Muddy Run 1,071 MW
* Pennsylvania Seneca 435 MW
» South Carolina Fairfield/Lake Monticello Reservoir 512 MW
« South Carolina Bad Creek/Lake Jocassee 1,065 MW
» South Carolina Lake Jocassee 610 MW
+ Tennessee Raccoon Mountain 1,530 MW
» Virginia Bath County 2,772 MW
* Virginia Smith Mountain Lake n/a

» Virginia Leesville Lake n/a

+ Washington Grand Coulee Dam 314 MW



Two pumped hydroelectric facilities are proposed in the United States, as follows:
» Hawaiian Electric Company Inc. (www.heco.com) has proposed a facility at Koko
Crater, Oahu.
« Sacramento Municipal Utility District (www.smud.org) has proposed the 400 MW
lowa Hill hydroelectric project. The cost is estimated at $553 million to $855 million.

8.3 Outlook
Because of geographical, environmental, and cost constraints, construction of
pumped storage facilities will be rare.

“Scarcity of suitable surface topography that is
environmentally acceptable is likely to inhibit
further significantdomestic development of utility
pumped-hydro storage.”

Electric Power Research Institute
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http://www.heco.com
http://www.smud.org
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SUPERCONDUCTING MAGNETIC ENERGY STORAGE

9.1 Overview

Superconducting magnetic energy storage (SMES) systems store energy in the
magnetic field created by the flow of direct current in a coil of cryogenically cooled,
superconducting material. Once a superconducting coil is charged, electrical current
will not decay and magnetic energy can be stored indefinitely.

A SMES system includes a superconducting coil, a power conditioning system, a
cryogenic refrigerator, and a cryostat/vacuum vessel to keep the coil at the low
temperature required to maintain the coil in a superconducting state.

“The most advanced non-battery energy storage
system at the mega-watt capacity scale is SMES.
Because there are none of the thermodynamic
losses inherent in the conversion of stored
chemical energy (batteries) or mechanical energy
(flywheels), SMES devices have very high
efficiency — theoretically as high as 95% in large
installations.”

Electric Power Research Institute

9.2 Applications

SMES power is available almost instantaneously, and very high power output is
provided for a brief period of time. Due to their construction, they have a high operating
cost and are therefore best suited to provide constant, deep discharges and constant
activity. These facilities currently range in size up to 3 MW units, and are generally
used to provide grid stability in a distribution system and power quality at manufacturing
facilities requiring power quality.

In addition to utility applications, superconductors are used in microelectronics,
communications, and magnetic-levitated train applications.
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