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The North American heat wave of 2011 saw temperatures on the eastern seaboard soar
past 100°F as grid operators watched peak power consumption break records. 1 This kind
of persistent heat has traditionally induced blackouts or brownouts, but not in 2011.
The difference? America’s PJM and other grid regions had added unprecedented
amounts of demand-response capacity onto the grid. For the first time, grid operators
can now bend and shape electricity demand, almost as they have traditionally
dispatched electricity generation.
This growing control over electricity demand has far greater potential than most realize,
and has terrific implications for making large-scale renewable energy feasible. Shaping
demand is a tool for grid operators to avoid blackouts during especially high use, but is
also an inexpensive, convenient way to deal with the variability of large-scale renewable
energy.
Demand-response programs compensate end-users of electricity for agreeing to reduce
their consumption for a specified amount of time. Aggregating many electricity users
together can amount to substantial control over demand, giving grid operators
important new ways to balance the grid.
Specifically, demand-response can act as:
•
•

Capacity, when it moderates peak electricity demand events that happen only a
few times per year. This allows grid operators to meet demand without building
new power generation capacity.
Balancing, when it balances predictable variation in renewable energy output—
this can provide confidence to grid operators as they integrate higher shares of
variable renewables.

Somewhat different programs are required for these two forms of demand-response.
Demand-response as capacity
Estimates of the potential for demand-response as capacity depend on a region’s mix of
power generation resources. Published estimates for many parts of the U.S. range from
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3 to 9 percent of summer peak demand, 2 while Europe’s published potential ranges
from 5 to 11 percent. 3 And there is certainly potential in other regions, but they have
not yet been studied as thoroughly. Some analysts believe the numbers could be quite
a bit higher, but the full potential of demand response has never been tested.
An example can clarify how demand-response as capacity works. EnerNOC is a demandresponse aggregator, collecting electricity end-users together to deliver a relatively large
chunk of electricity demand for local grid operators to use. Cabot Creamery, a large ice
cream producer in Vermont, participates in EnerNOC’s demand-response program by
choosing to shut down parts of its manufacturing line and some large refrigeration
machinery during a few hours each year, reducing its power consumption by up to 1000
kilowatts (one megawatt) during these “demand-response events”. These voluntary
shutoffs do not affect Cabot’s production in any material way, since they can easily vary
the time for many of their processes and their cooling systems can “ride through” a few
hours of non-operation on thermal momentum. In return for responding to these
demand-response events, Cabot Creamery receives about $20,000 each year from
EnerNOC. 4
This kind of demand-response
program is much less expensive
than building new generation
capacity that would only run for a
few hours each year. As shown in
Figure 1, ten percent of peak
demand (measured by maximum
power draw) in the U.S. occurs in
less than one percent of the hours
in the year, making demandresponse a cost-effective and
reliable way to provide stability during
Figure 1. Typical summer-peaking pattern, where
demand exceeds 90 percent of the system capacity
peak demand periods. 6 A 2007 study by
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during only a few periods in the summer months.
the Brattle Group reported that a five
percent decrease in U.S. peak demand
would yield $3 billion savings in electricity costs each year. 7
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Demand-response as capacity is gaining traction in certain markets. For example, the
PJM grid region 8 in the eastern U.S. added more than 8.5 million kilowatts (8.5
gigawatts) of demand-response capacity for the 2012/2013 delivery year.9 – This singleyear addition represents almost 5 percent of PJM’s total capacity in 2011,10 and it was
PJM’s market structure that enabled this rapid growth. Most electricity markets buy and
sell energy (in kilowatthours), but PJM also has a
market for capacity. Capacity
markets are designed to
ensure long-term resource
adequacy by buying and
selling power generation
capacity (kilowatts) directly.
The sharp increase in
demand-response was a
major driver in causing the
price of capacity in PJM to
drop 85 percent in one year.
Figure 2 shows the increase in
demand response resources,
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Figure 2. Demand-response growth in PJM.
measured in electricity
capacity, from the PJM
program.
Demand-response as balancing
Automated demand-response can help balance variable renewables by adjusting
demand in real-time to complement available supply. Power from renewable sources
can ramp up or down quickly, making markets that plan a day ahead too slow to balance
variations. When employing demand-response as balancing, grid operators can directly
adjust electricity use whenever weather affects renewable power output.
Using demand-response as balancing can help save money as systems begin to rely on
higher shares of renewables. For example, California set a goal to produce 33 percent of
its electricity from renewable power by 2020. As grid-scale battery storage remains
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relatively expensive (see Figure 3),
automated demand response
presents a compelling solution to
supply variability.
Moreover, researchers at the
Lawrence Berkeley National Lab
note that the infrastructure for
automated demand response
already exists. Automated demandresponse could already provide
between 180 and 900 thousand
kilowatts of load control in
California, and with modest system
Figure 3. Demand-response is currently cheaper than
12
upgrades it could provide as much as
battery storage
1.8 million kilowatts 13 (which would
be equivalent to more than 30 percent of California’s installed wind and solar capacity
today14). This automated demand response works by connecting with a building’s
heating, ventilation, air conditioning, and lighting systems to adjust them in real-time as
grid conditions change.
Automated demand response can
work in several different ways. To
date, the most common form of
automated demand-response
responds to electricity prices, but
the same technology could be
expanded to help grid operators
adjust demand in real-time to
optimize for maximum renewables
(see Figure 4). For example,
weather stations can keep track of
changing conditions, shifting the
heating and cooling cycles in
commercial and residential buildings
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Figure 4. Automated demand-response can respond to
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drops in supply.
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to times during the day where renewable electricity is abundant, saving consumers
money and minimizing strain on the grid.16 Smart appliances are another example;
appliances like dishwashers or washing machines can receive data from grid operators
about when to turn on or off, based on the value of load adjustments to balance
supply.17 As technology for electric vehicles continues to improve, they can be
aggregated together to provide real-time frequency regulation services for the grid
when they are plugged in – providing a valuable service for grid operators and creating a
new revenue stream for consumers.18
Demand-response is poised for growth as the electricity system transforms
The age of renewable energy is here. The price of solar power is less than half of what it
was two years ago, and installed capacity in the US has more than tripled in that time. 19
A quarter of Germany’s annual electricity demand is already being met by wind and
solar, and last year China generated more electricity from renewables than all the
electricity consumed in Australia and Canada combined. 20
Demand-response is a very important tool for keeping electricity system costs low while
enabling higher shares of renewable electricity on the grid. By avoiding the need for
new “peaker” capacity and offering grid operators an easily-dispatchable resource to
balance renewables, demand-response is ushering in a flexible new clean electricity
system.
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