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If you think twirling 
the mass of a family car 
hundreds of times a second 

is an unlikely way to keep 
power grids humming at 
perfect pitch, think again. 
Flywheel developer Beacon 
Power Corp., based in 
Tyngsboro, Mass., is already 
making money that way in 
Stephentown, N.Y., where 
it operates more than 160 
1150-kilogram magnetically 
levitated flywheel motor-
generators. These machines 
continuously accelerate 
and decelerate to balance 
electrical supply and demand 
and thus keep New York 
state’s grid tuned to 60 hertz. 

AC frequency fluctuates 
from second to second as 
generators turn on and off 
and consumer demand 
varies. When demand 
exceeds supply, the extra 
load slows down power 
plant turbines, thus 
depressing frequency. 
Meanwhile, the turbines 
accelerate whenever supply 
is in excess. Frequency 
regulators add or remove 
power to restore balance.

Beacon’s flywheels can 
regulate frequency with 
superior speed relative 
to the dominant method 
today—throttling power 
generators up and down. 
And grid operators are 

changing outdated rules to 
favor faster-acting regulators, 
including flywheels and 
grid-scale batteries. The 
prize: priority access to a 
frequency regulation market 
worth US $495 million in 
the United States last year 
and growing with the 
expansion of ever-varying 
wind and solar power.

The task of frequency 
regulation has never been 
a great fit for power plants. 
Generators operate most 
efficiently when held steady 
at high output, so holding 
capacity in reserve and 
ramping output up and 
down increases emissions 
and fuel costs. And because 
many power plants take a 
minute or longer to respond 
to dispatch signals, much 
of their contribution is 
ineffectual or sometimes 
even counterproductive. 

“By the time they get 
around to responding, 
things are already going in 
another direction,” explains 
David Hawkins, a senior 
principal consultant for the 
Netherlands-based energy 
consulting firm Kema, who 
until last year was lead 
engineer for integrating 
renewable energy at 
California’s grid operator.

In contrast, the 
Stephentown flywheels 

can switch from full out-
put to full absorption in just 
a few seconds. Such flexi-
bility means the flywheels 
can deliver at least twice 
as much frequency regula-
tion from each megawatt of 
capacity as a  typical natural-
gas-fired power plant while 
cutting carbon emissions in 
half, according to Hawkins. 

Such performance 
should translate into steady 
 revenues under today’s 
frequency regu lation rules—
and considerably more as 
the rules shift. Generally 
speaking, the independent 
system operators (ISOs) 
that manage regional power 
 markets buy frequency 
regulation services by 
 renting control over tranches 
of generation capacity. 
Because they respond more 
quickly, flywheels are likely 
to be called upon ahead of 
power plants. Judith Judson, 
Beacon’s vice president 
for asset management 
and market development, 

says that’s been Beacon’s 
experience at Stephentown, 
which started up in January 
with 8 megawatts of flywheel 
capacity and was scheduled 
to reach its full 20-MW 
design capacity in June.

Judson says that revenues 
could triple under an 
order proposed by the U.S. 
Federal Energy Regulatory 
Commission in February 
that requires ISOs to 
compensate frequency 
regulators based on their 
performance. “If you set 
aside 20 MW and you’re 
called upon a lot because 
you can respond fast, 
you’re paid more,” says 
Judson. New England’s 
ISO already has such a 

“mileage” system under 
pilot rules, expected to be 
formalized this year. PJM 
Interconnection, the grid 
operator for the mid-Atlantic  
states, also announced plans 
for performance pricing, 
and Beacon is readying a 
$50 million, 20-MW plant 

revved up: A flywheel generator is lowered for high-speed tests. 
photo: BEacon powEr corp.

Flywheels Keep 
the Grid in Tune
spinning masses face off against big 
batteries in the half-billion-dollar market 
for grid stability
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Transistor-based 
semiconductors 
have dominated the 

computing industry since its 
start. But a much more exotic, 
transistor-less option has long 
been lurking in the wings. 
Superconducting circuits, 
which boast resistance- less 
wires and ultrafast switches, 
can perform the tasks that 
silicon-based systems do in 
a fraction of the time.

Now new logic designs 
are emerging that suggest 
superconducting processors 
could be not only faster but 
also tens or even hundreds 
of times as energy efficient 
as their CMOS cousins. And 
these processors could pro-
vide a much-needed path to 
the next generation of super-
computers, proponents say. 

This next generation, 
called exaflop computers, 
would be capable of 
executing a quintillion 
(1018) operations per second, 
about 1000 times as many 
as existing computers can. 
Once thought to be just 5 or 
10 years away, they now seem 
nearly impossible. A recent 
estimate suggests that an 
exascale supercomputer built 
using CMOS technology 
would consume some 500 
megawatts—the output of 
a modest nuclear power 

plant. “What everybody’s 
shooting for is to be able to 
overturn [that] result,” says 
Erik DeBenedictis of Sandia 
National Laboratories, 
in Albuquerque. “Now 
there’s a glimmer of light 
that it might happen.”

Superconducting 
circuits have long been an 
attractive option for ultrafast 
processors. Chilled down to 
a few degrees above absolute 
zero, superconducting logic 
gates can perform operations 
in picoseconds with less than 
a microwatt of power. Simple 
superconducting logic circuits 
have been shown to operate at 
speeds of up to 770 gigahertz. 

But the technology 
has been slow to make its 
way into complex circuits. 
Since the early 1990s, most 
superconducting circuits 
have been built using a design 
called rapid single-flux 
quantum (RSFQ) logic, which 
relays bits of information 
in the form of short voltage 
pulses carried by tiny, 
speeding vortices of current. 

RSFQ has been used to 
build a number of specialized 
devices needed for high-
throughput and numerically 
intensive applications, such 
as communications receivers 
and signal processing. But 
the design consumes too 

Superconductor 
Logic Goes 
Low-Power
energy-efficient superconducting circuits 
could be key to future supercomputers

in Hazel Township, Pa., 
to take advantage of it. 

One challenge will be 
competition from battery-
based frequency regula-
tors, which are cheaper 
per megawatt to install. 
Several battery systems 
are  testing the market, 
including a 20-MW fre-
quency regulating facil-
ity that Arlington, Va.–
based power firm AES is 
building in Johnson City, 
N.Y. The $22 million plant 
uses lithium  batteries 
from A123 Systems. 

If facilities such as 

AES’s succeed, frequency 
regulation could soon 
be lithium batteries’ 
biggest market. Sanyo 
Electric, the market leader 
in lithium-ion battery 
production, bets that 
frequency regulation and 
other grid applications 
will account for two-
fifths of lithium battery 
sales in 2020. Electric 
vehicles and consumer 
electronics will split the 
rest of the $60 billion 
market, Sanyo predicts. 

Beacon, for its part, 
bets that the apparent cost 

advantage of batteries 
will literally erode with 
time, as constant cycling 
degrades their capacity. 
The company says its 
flywheels in Massachusetts 
experience the equivalent 
of 6000 cycles of full 
charge and discharge or 
more per year and are 
designed to withstand that 
abuse for 20 years, with 
minimal maintenance or 
performance degradation.

Kema’s Hawkins 
agrees that batteries 
will lose their edge over 
flywheels under that level 
of use. “A battery really 
doesn’t like to be totally 
charged and discharged,” 
says Hawkins, “whereas 
flywheels can handle a 
pretty severe duty cycle.” 

But he says that 
another threat looms, one 
that could eviscerate the 
market for frequency 
regulation: millions of 
electric vehicles. Plugged 
in to the grid, they could 
respond to frequency 
deviations at the local level. 

Pacific Northwest 
National Laboratory, a unit 
of the U.S. Department of 
Energy, proved a  similar 
concept a few years ago, 
showing that electric water 
heaters and dryers could 
 correct frequency dips by 
temporarily turning off 
their heating elements. In 
March, PNNL licensed the 
concept to Texas-based 
semiconductor start-up 
Encryptor, which hopes to 
make chips for appliances.

So in the future, the 
frequency regulator could 
be you. —Peter Fairley

$338 billion to $476 billion cost of building a u.S. smart grid, according to a report
by the Electric power research Institute.

drumroll, pleaSe:  
A carbon-fiber flywheel is 
removed from a coating 
chamber.  photo: BEacon powEr corp.
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