
FAQ — Output

What is a megawatt or a megawatt-hour?
Manufacturers measure the maximum, or rated, capacity of their wind turbines to produce electric
power in megawatts (MW). One MW is equivalent to one million watts.

The production of power over time is measured in megawatt-hours (MWh) or kilowatt-hours (kWh)
of energy. A kilowatt is one thousand watts. Production of power at the rate of 1 MW for 1 hour
equals 1 MWh of energy.

What is the power capacity of wind turbines?
General Electric (GE) makes a once widely used 1.5-megawatt model. 1.5 MW is its rated, or
maximum, capacity, at which rate it will produce power when the wind is in the ideal range for that
model, between 27 and 56 mph. Turbines are now generally in the range of 2-3 MW.

What determines how much power a wind turbine can produce?
The power is generated from the energy in the wind, so a turbine’s power is determined by its ability
to capture that energy and convert it to rotational torque that can turn the generator and push electrons
into the grid. A taller tower provides access to steadier winds, and larger blades capture more wind
energy. A larger generator requires larger blades and/or stronger winds.

How much energy do wind turbines produce?
Every wind turbine has a range of wind speeds, typically around 30 to 55 mph, in which it will
produce at its rated, or maximum, capacity. At slower wind speeds, the production falls off
dramatically. If the wind speed decreases by half, power production decreases by a factor of eight. On
average, therefore, wind turbines do not generate near their capacity. Industry estimates project an
annual output of 30-40%, but real-world experience shows that annual outputs of 15-30% of capacity
are more typical.

With a 25% capacity factor, a 1.5-MW turbine would produce

1.5 MW × 365 days × 24 hours × 25% = 3,285 MWh = 3,285,000 kWh

in a year.

https://www.wind-watch.org/faq-output-p.php 2/18/16, 7:33 AM
Page 1 of 5



What is “capacity factor”?
The capacity factor is the actual output over a period of time as a proportion of a wind turbine or
facility’s maximum capacity. For example, if a 1.5-MW turbine generates power over one year at an
average rate of 0.5 MW, its capacity factor is 33% for that year.

What is the typical capacity factor for industrial wind turbines?
The average capacity factor for 137 U.S. wind projects reporting to the Energy Information Agency in
2003 was 26.9%. The total capacity factor for EU-27 countries in 2007 was 13%, according to the
EIA.

What is the difference between capacity factor and availability?
A wind turbine may be “available” for 90% or more of the time, but its output depends only on the
wind. Without the wind, it is like a bicycle that nobody rides: available, but not spinning.

The turbine’s “capacity factor” is its actual average output as a fraction of its full capacity. This is
usually between 15% and 30%.

Do wind turbines work 30% of the time or 90%?
Neither. The first figure is a theoretical capacity factor, the amount of energy actually produced over a
year as a fraction of the turbines’ maximum capacity. The second figure is availability, the amount of
time that a turbine is not shut down. Neither figure expresses the amount of time that a wind turbine is
actually generating electricity.

How much of the time do wind turbines generate energy?
Wind turbines generate electrical energy when they are not shut down for maintenance, repair, or
tours and the wind is between about 8 and 55 mph. Below a wind speed of around 30 mph, however,
the amount of energy generated is very small. Wind turbines produce at or above their average rate
around 40% of the time. Conversely, they produce little or no power around 60% of the time.

Are capacity factor and efficiency the same?
No. Efficiency is a measure of how much of the kinetic energy in the wind is converted to electrical
energy. It is unavoidable that some energy is lost in the conversion process. Even when a wind turbine
is generating power at its maximum capacity, the electrical energy produced is only a fraction of the
energy in the wind. (At best, it is around 50%, which is usually reached before generating at full
capacity.) Efficiency is a matter of engineering and the limits of physics and usually irrelevant to
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normal discussion.

Capacity factor is a measure of a wind turbine’s actual output, which varies with the wind speed, over
a period of time.

How many homes can a wind turbine power?
Proponents often express projected output as “enough to power x homes.” According to the Energy
Information Agency, the average US household uses 888 kWh per month, or 10,656 kWh per year.
An average 1.5-MW turbine (26.9% capacity factor) would produce the same amount of electric
energy as that used by almost 332 households over a year.

It must be remembered, though, that wind power is intermittent and variable, so a wind turbine
produces power at or above its annual average rate only 40% of the time. That is, most of the time, it
is not providing its average power to its average number of homes. And the times of high wind
production rarely correspond with times of actual demand on the grid.

It must also be remembered that residential use accounts for only a third of our total electricity use.

How does wind variability affect wind power reliability?
A wind turbine’s production is usually expressed as an annual average, which masks its highly
variable output. But because production falls off dramatically as the wind speed drops (by a factor of
eight for every halving of the wind speed), most of the time the wind turbine is producing well below
its average rate. The average rate of output or more is seen only about 40% of the time.

How does wind power’s variable output affect the grid?
Wind turbine production of power responds to the wind, which even at the “best” sites varies
dramatically from hour to hour and minute to minute. The grid, however, must respond to user
demand. Since the grid dispatchers can’t control wind power production any more than they can
control user demand, wind turbines on the grid do not contribute to meeting demand. By pushing
power into the grid, they simply add another source of fluctuation that the grid must balance.

Also see intermittency in “The Grid” FAQ.

What is wind power’s capacity credit?
Wind power has a very low “capacity credit,” its ability to replace other sources of power. For
example, in the U.K., which boasts of being the windiest country in Europe, the Royal Academy of
Engineering projects that 25,000 MW of wind power will reduce the need for conventional power
capacity by 4,000 MW, a 16% capacity credit. Two studies in Germany projected that 48,000 MW of
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wind power will allow reducing conventional capacity by only 2,000 MW, a 4% capacity credit (as
described in “Wind Report 2005,” Eon Netz). Similarly, the Irish Grid calculated that 3,500 MW of
wind power could replace 496 MW of conventional power, a 14% capacity credit, and that as more
wind turbines are added their capacity credit approaches zero. And the New York State Energy
Research & Development Authority found in March 2005 that onshore wind power would have a
capacity credit of 10%, based on a theoretical capacity factor of 30%. (See some of these and other
documents here at National Wind Watch.)

How much back-up power is needed for wind power?
According to Eon Netz, one of the four grid managers in Germany, with 7,050 MW of wind power
capacity installed in its area at the end of 2004, the amount of back-up required was over 80%, which
was the maximum output observed from all of their wind power facilities together. That is, for every
10 MW of wind power added to the system in this case, at least 8 MW of back-up power must also be
dedicated.

In other words, wind needs 100% back-up of its maximum output.

Doesn’t a unit of electricity produced by wind turbines reduce a
unit from another source?
Because the grid must continuously balance supply and demand, yes, it must reduce the supply from
somewhere else when the wind rises enough to start generating power.

If there is hydropower on the system, that is the most likely source to be reduced, because it can be
switched on and off the most readily. Some natural gas plants can also switch on and off quickly
(though at a cost of efficiency, i.e., burning more fuel). Otherwise, the output from fuel-burning plants
is ramped down or it is switched from generation to standby. In either case, it still burns fuel.

Can wind turbines help avoid blackouts?
No. Wind turbines themselves need power from the grid to work. A blackout knocks them out, too. If
they were providing power at the time, that loss aggravates the effect of the blackout.

What is the difference between large and small turbines?
Small turbines are designed to directly supply a home or other building. Their variable output is
balanced by battery storage and supplemented by the grid or an on-site backup generator.

Large turbines are designed to supply the grid itself. The variable output of large wind turbines adds
to the complexity of balancing supply and demand, because there is no large-scale storage on the grid.
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