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How Reactive Power Originates

Many electrical devices, such as AC single-phase and 3-phase motors, require both
active power and reactive power. The active power is converted into useful mechanical
power, while the reactive power is needed to maintain the device’s magnetic fields. This
reactive power is transferred periodically in both directions between the generator and
the load.
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Effects of Reactive Power

Vector addition of the active power P and the reactive power Q gives the apparent power S.
Power generators and transmission network operators must make this apparent power
available and transmit it. This means that generators, transformers, power lines, switchgear,
etc. must be sized for greater power ratings than if the load only drew active power.

Power supply companies are therefore faced with extra expenditure on plant and
additional power losses. They therefore make additional charges for reactive power if
this exceeds a certain threshold. Usually a certain target power factor cos ¢ of between
1.0 and 0.9 (lagging) is specified.
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Example: 3-phase motor

Active power 500 kW BINHERS500kW

Reactive power 510 kVAr (ind) FEINTHERS10 kVAr

Resulting apparent power 714 kVA TEER: MEINET41 KVA

Although the motor’s mechanical power output only calls for 500 kW, the supply network loading is an
apparent power of 714 kVA, i.e. it has to transmit 143% of the active power.
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Active power is the electric power available for conversion to a different form of power,
e.g. mechanical, thermal, chemical, optical, or acoustic power.

Reactive power is electric power required for the generation of magnetic fields (e.g. in
motors or transformers) or electric fields (e.g. in capacitors). In a chiefly magnetic field,
reactive power is inductive; in a chiefly electric field, it is capacitive.

Apparent power is the geometric sum of the active and reactive power.

The power factor cose is the quotient of the active power and the apparent power.
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Power Factor Correction

If the lagging power factor is corrected, for example by installing a capacitor at the
load, this totally or partially eliminates the reactive power draw at the power supply
company. Power factor correction is at its most effective when it is physically near to
the load and uses state—of-the-art technology

The inductive reactive power Q, is compensated for totally or partially by the capacitive
reactive power Q.,,,, the apparent power thus being reduced from S, to S,.
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S, Qe Power Factor Correction

Example: 3-phase motor with power factor correction (PFC)

Active power BINNER 500 kW

Reactive power FININEE 510 kVAr (lagging/ /=)
Power factor correction INEERERIE 510 kVAr (leading/#281)
Resultant reactive power BRTINIhER 0 KVAr

giving apparent power IR 500 kVA

The motor draws an active power of 500 kW as before, but its reactive power is fully compensated for
and the supply network needs to transmit an apparent power of 500 kVA, i.e. 100% of the active power.
Power factor correction in this case therefore reduces the transmission load by 43% of the nominal
active power (i.e. from 143% to 100%).
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Saving the Costs of Reactive Energy

As an example we can take an industrial company with an average power of 500 kW,
operating for 4000 hours perannum at an average cosg of 0.7. The power supply tariff
allows the user to draw 50% of the active energy as reactive energy at no extra
charge, corresponding to a target cose of 0.9. Without power factor correction, the
company pays the power supply company 9000 kVArh annually for reactive power.
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Additional Savings Through Reduced Active Power Losses

The company taken as example has power losses in its own distribution network, and,
like every other consumer, must pay the cost of the active energy lost.

The use of power factor correction reduces the apparent power in the company
network, and hence also the power losses and the costs for active energy. An evalu-
ation of the net benefits must also take into account the internal losses in the power
factor correction system.

In addition to saving reactive energy costs, the power factor correction system in this
example also reduces the costs for the active power expended on network losses.
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Power factor correction

reduces both energy costs and investment costs.
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