
Advanced Energy Storage:

Flywheel Storage
• Flywheels store off-peak 
energy as kinetic energy.

• Connected to engine 
crankshafts and are larger the 
smaller the number of cylinders 
per engine.

• Releases energy during 
periods of no power pulses so 
that the speed and power 
delivery of the crankshaft are 
steady and continuous. Energy 
absorbed or released between 
speeds n1 and n2 is:

ΔE = (2 π2/gc) m R2 (n22-n12)

NASA’s conceptual design 

of a 10-MW flywheel 

energy storage system.



Advanced Storage Technologies

• ELECTRICAL-MECHANICAL ENERGY STORAGE:

POTENTIAL - Pumped Storage Hydropower

POTENTIAL - Compressed Air Energy Storage  (CAES):

Reservoirs, Salt/Rock Caverns, Aquifers, Adiabatic, Hybrid

POTENTIAL - Springs, Torsion Bars, Mass Elevation

KINETIC - Flywheel storage

• DIRECT ELECTRICAL ENERGY STORAGE:

Utility Battery Storage (UBS) – Lead acid, Sodium-sulfur, Lithium-
chlorine, Lithium-telluride, Zinc-chlorine

Super-conducting Magnetic Energy Storage (SMES)

Hybrid SMES-UBS

Super Capacitors

• THERMAL STORAGE:

Sensible Heat Energy Storage –Pressurized water, Organic liquid, 
Packed/Fluidized solid beds

Latent Heat Energy Storage –High temp. gas-cooled reactor (HTGR)

Chemical Reaction Storage - Regenerative fuel cells (RFC)



Super-Conducting Magnetic 

Energy Storage (SMES)

• Stores energy in the form of DC electricity that is the 
source of a DC magnetic field 

• Conductor for carrying the current operates at cryogenic 
temperatures where it is a superconductor (no resistive 
losses as it produces the magnetic field)

• System consists of a super-conducting magnet, the 
interface between the DC magnet and the AC power 
system, and the control system 

• Best applications - handling sags and outages lasting < 1 
second

• Commercially available in typical size of 3 MVA and a 1 
second overload rating of 5 MVA



Conceptual underground Super-conducting 

Magnetic Energy Storage (SMES) plant



Single D-SMES unit connected to utility 

network



PQDC (hybrid SMES/battery UPS) system

Installed at Tinker 
Air Force Base, 
Oklahoma



Regenerative Fuel Cell (RFC)

• Regenesys technology 
developed by National 
Power of UK (now Innogy)

• Conceptually, neither a 
battery nor a fuel cell but a 
hybrid of the two

• The fuel – electricity - is 
converted into chemical 
potential energy by 
charging two liquid 
electrolyte solutions

• Stored energy is 
subsequently released on 
discharge



Regenerative Fuel Cell (RFC)

ÈStores electrolyte in separate tanks outside the 
cell
ÈElectrolytes used are sodium bromide on the 
positive side and sodium polysulfide on the 
negative side.
ÈInert electrodes act only as electron transfer 
surface but do not take part in the electrochemical 
process
ÈAllows complete separation of power, 
determined by the module electrode area, and 
energy, determined by the electrolyte storage tank 
volume.



Compressed Air Energy Storage 

(CAES) – Huntorf Hybrid

• First CAES is a 290-

MW plant designed by 

Brown Boveri and built 

at Huntorf, West 

Germany in 1978.

• Uses two 150m high 

salt caverns with a total 

volume of 300,000 m3

created by leaching a 

salt dome at a depth of 

650-800m below 

ground

• 98% availability and 

good reliability.

Huntorf Hybrid CAES: 3-stage compressor 

with intercoolers, 2-stage GT with reheat 

using low pressure natural gas burner, motor-

generator to drive compressor with off-peak 

power, heat added in combustion chamber.



Cost of Storage Technologies

World total pumped hydro capacity in 1997 is 82,800 MW in 290 plants, 

with US and Japan leading users of nuclear power for storing off-peak 

excess power. Europe has 20,000 MW. Other major users are Australia, 

Taiwan, Korea and China.

Plant World Total Capacity Cost Capital Cost Availability Reliability Levelized Efficiency

Type Cap. MW Plants Year MW Million $ $/kW % % cents / kWh %

Pumped BL 19.3 - 22.6

Storage Hydro 82,800 290 1,800 1,000 - 3,000 IL 10.9 - 19.3 86

PL 26.8 - 30.0

Egypt 1997 470 560 1,191

Virginia, USA 1985 2,520 1,700 675

Compressed

Air Storage IL 8.9 - 9.9

Huntorf, Germany 1978 290 90 99

Alabama, USA 1991 110

Italy 25

Ukraine-Russia 1,050

Israel interested

Utility

Battery Storage PL 19.4 - 22.5 70 - 90

Bewag, Berlin 1987 8.6 12

California, USA 8200 cells 10 4 hours

Super-conducting

Energy Storage

US 10

Japan 1,000 developed designs



Benefits from Energy Storage
• Raises efficiency of utility – storing cheaper off-peak power 

from a highly efficient base-load fossil fuel, nuclear power or 
renewable energy source at night or weekends when demand 
for power is low has economic benefits.

• Reduces peak power capacity – when demand peaks, the 
stored energy is released almost instantaneously, releasing the 
cheap stored power, thus avoiding putting into service 
expensive peak power units that have low efficiency and 
capacity utilization.

• Avoids “spinning reserves” – some plants must be kept idling 
at low capacity and efficiency to meet changing demands.

• Evens out generation fluctuations – nuclear as well as 
intermittent renewable sources like solar, ocean wave and tidal 
power where generation is restricted during periods of daylight, 
strong wind and waves and high-low tides.



Risks with Energy Storage

• Pumped storage hydropower 

- Technology and and economic risks are similar 
since it employs the same technology used in 
conventional hydropower projects.

- Geological riskare likely to be encountered. 

- Hydrological riskwill be much lower than 
conventional hydro since water is cycled 
between upper and lower reservoir and is not 
dependent on river flow.

• Other storage technologies (SMES, CAES, RFC) are 
new and still undergoing development, testing or 
piloting. Hence, technology and economic risks are 
moderate to high.


