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AJSS Gas Turbine Tech Talk 
Real Power versus Reactive Power 
 

In today’s Tech Talk, we are going to discuss real and reactive power in an AC circuit.  There 

are a lot of terms and abbreviations here (and a few formulas, ugh..) so bear with me.  But 

at the end, you should be familiar with the basics of AC power. 

How does this tie into gas turbines?  Small gas turbines are commonly used as drivers for 

generators in the oil and gas industry, particularly where electricity grids are not available 

such as remote areas or offshore.  The gas turbine generator set(s) is often the only source 

of power in these remote or isolated areas.  Large gas turbines are used in the power 

generation industry as prime movers for generators tied to a grid or utility bus.   

In a future Tech Talk, I will focus on the power control systems used in gas turbine generator 

sets and a basic knowledge of how AC power works will be helpful in understanding these 

systems.  

In an AC circuit, the voltage and current waveforms are sinusoidal so their amplitudes are 

constantly changing over time.  Power is voltage times current (P = V*I, or E*I), so maximum 

power will occur when the voltage and current waveforms are lined up with each other. 

That is, as sine waves, their peaks and zero crossover points occur at the same time. When 

this happens the two waveforms are said to be “in-phase”.  In most power generation 

applications, the voltage and current waveforms are at various degrees of “out-of-phase”. 

The resistor, capacitor and inductor are the three main components in an AC circuit that 

affect the relationship between the voltage and current waveforms, and therefore their 

phase difference.  These components define the total impedance of the circuit. 

The impedance, (Z) of an AC circuit is equivalent to the resistance calculated in DC circuits, 

with impedance given in ohms (Ω).  It arises from the combined effects of ohmic resistance 

(R) and reactance.  Reactance (X) is the non-resistive component of impedance, arising from 

the effect of inductance or capacitance or both.  Reactance causes the current to be out of 

phase with the voltage generating it. 

Below is an illustration of the voltage and current waveforms when exactly in phase. 
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AC circuits contain both resistance and reactance that are combined together to give a total 

impedance (Z) that limits current flow around the circuit. But an AC circuit’s impedance is 

not equal to the algebraic sum of the resistive and reactive ohmic values as a pure 

resistance and pure reactance are 90o out-of-phase with each other. But we can use this 90o 

phase difference as the sides of a right triangle, called an impedance triangle, with the 

impedance being the hypotenuse as determined by the Pythagorean theorem. 

Impedance, which is the vector sum of the resistance and reactance, has not only a 

magnitude (Z) but also a phase angle (θ), which represents the phase difference between 

the resistance and the reactance.  The triangle will change shape due to variations in 

reactance as the frequency changes while resistance will always remain constant. 

We can take this idea one step further by converting the impedance triangle into a power 

triangle representing the three elements of power in an AC circuit. Ohms Law tells us that in 

a DC circuit, power (P), in watts, is equal to the current squared (I2) times the resistance (R). 

Multiply the three sides of our impedance triangle above by I2 to obtain the corresponding 

power triangle as: 
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There are two equations each for the calculation of true and reactive power. There are 

three equations available for the calculation of apparent power, S=IE (where E = voltage) 

being useful only for that purpose.  

REAL POWER IN AC CIRCUITS 

 

Now let’s apply this knowledge in a practical manner by looking at a few simple circuits.   

The first circuit will contain only a resistive load.  Examples of resistive loads are 

incandescent lights or resistive heating elements.  In a circuit with only resistive loads, the 

AC voltage and current waveforms will be exactly in phase.    

 

As resistances do not produce any phase difference (phase shift) between the voltage and 

current waveforms, all the useful power is delivered directly to the resistance and converted 

to heat, light and work. Then the power consumed by a resistance is real power which is 

fundamentally the circuits average power. 

REACTIVE POWER IN AC CIRCUITS 

 

The second circuit will contain only an inductive load (pure reactive power).  First, let’s 

define an inductive load.  An inductor is an electronic component consisting of a coil of wire 

with an electric current running through it, creating a magnetic field.  Inductors do not 

behave the same way as resistors do.   Resistors simply oppose the flow of current through 

them (by dropping a voltage directly proportional to the current).  When an AC voltage is 

applied to an inductor, it resists the change in current.  The current builds up more slowly, 

creating a lag between the current and voltage sine waves.   

The unit for inductance is the henry (H).  One henry is the amount of inductance that is 

required to induce 1 volt of electromotive force (the electrical pressure from an energy 

source) when the current is changing at 1 ampere per second.   
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An AC motor is an example of an inductive load, though it is not a pure inductor.  It is a 

combination of resistive and inductive loads.   In the example above, we are dealing with a 

pure inductive load.  With a pure inductive load, the current starts to build when the voltage 

is equal to its maximum and peaks when the voltage is at 0 so there is a 90° phase 

difference between the voltage and current sine waves.  

APPARENT POWER IN AC CIRCUITS 

 

The third circuit will contain a combination of resistive (real) and inductive (reactive) load.  

This is more representative of an AC motor, and is the condition found in a typical AC circuit.   

 

Real power is dissipated by resistance and reactive power supplied to a reactance. As a 

result, the current and voltage waveforms are not in-phase due to the difference between a 

circuit’s resistive and reactive components.  But they are not 90° out of phase either. 
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So far, we haven’t discussed capacitance but the difference between an inductive circuit and 

a capacitive circuit is that in an inductive circuit, the current “lags” the voltage (starts to 

build at maximum voltage) and in a capacitive circuit, the current “leads” the voltage (is at 

maximum when the voltage is 0). 

The three elements which make up power in an AC circuit can be represented graphically by 

the three sides of a right-angled triangle, in much the same way as the previous impedance 

triangle. The horizontal (adjacent) side represents the circuits real power (P), the vertical 

(opposite) side represents the circuits reactive power (Q) and the hypotenuse represents 

the resulting apparent power (S), of the power triangle as shown. 

POWER TRIANGLE OF AN AC CIRCUIT 

 

 

This is the power triangle in an AC circuit, 

Where: 

P is the I2*R or Real power that performs work measured in watts, W 

Q is the I2*X or Reactive power measured in volt-amperes reactive, VAR 

S is the I2*Z or Apparent power measured in volt-amperes, VA 

θ is the impedance phase angle in degrees. The larger the phase angle, the greater the 

reactive power. 

Cos(θ) = P/S = W/VA = power factor, p.f. 

Sin(θ) = Q/S = VAR/VA 

Tan(θ) = Q/P = VAR/W 

POWER FACTOR IN AC CIRCUITS 

 

Power factor, cos(θ), is an important part of an AC circuit that can also be expressed in 

terms of circuit impedance or circuit power. Power factor is defined as the ratio of real 
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power (P) to apparent power (S), and is generally expressed as either a decimal value, for 

example 0.95, or as a percentage: 95%.  This is industry standard definition for the angular 

relationship between real (true) and apparent power. 

Power factor defines the phase angle between the current and voltage waveforms, where I 

and V are the magnitudes of rms values of the current and voltage. It does not matter 

whether the phase angle is the difference of the current with respect to the voltage, or the 

voltage with respect to the current. The mathematical relationship is given as: 

 

  

We said previously that in a pure resistive circuit, the current and voltage waveforms are in-

phase with each other so the real power consumed is the same as the apparent power as 

the phase difference is zero degrees (0o).  The power factor will be: 

Power Factor, pf  = cos 0o  =  1.0 

That is, the number of watts consumed is the same as the number of volt-amperes 

consumed producing a power factor of 1.0, or 100%.  This is referred to as “unity power 

factor”. 

We also said above that in a purely reactive circuit, the current and voltage waveforms are 

out-of-phase with each other by 90o. As the phase difference is ninety degrees (90o), the 

power factor will be: 

Power Factor, pf  = cos 90o  =  0 

That is, the number of watts consumed is zero but there is still a voltage and current 

supplying the reactive load. Clearly then reducing the reactive (VAR) component of the 

power triangle will cause θ to reduce improving the power factor towards one, unity. It is 

desirable to have a high power factor as this makes the most efficient use of the circuit 

delivering current to a load.   

In practical AC circuits, the power factor can be anywhere between 0 and 1.0 depending on 

the passive components within the connected load. For an inductive-resistive load or circuit 

(which is most often the case) the power factor will be “lagging”. In a capacitive-resistive 

circuit the power factor will be “leading”. Then an AC circuit can be defined to have a unity, 

lagging, or leading power factor.  Unity power factor is unheard of in a genuine plant 

application since a plant bus will always contain a combination or resistive, inductive and 

capacitive loads. In a typical plant, the power factor will typically be between 0.75 and 0.95 
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lagging, depending on the number and size of inductive loads, usually AC motors.  Leading 

power factors in any real electric circuit are also exceedingly rare. 

A poor power factor with a value towards zero (0) will consume wasted power reducing the 

efficiency of the circuit, while a circuit or load with a power factor closer to one (1.0) or 

unity (100%), will be more efficient. This is because a circuit or load with a low power factor 

requires more current than the same circuit or load with a power factor closer to 1.0 (unity). 

AC POWER AS BEER 

 

A good analogy is to think about beer.  A pint of beer will contain both beer and foam.  Beer 

is like real power – what you drink beer for.  Foam is like reactive power – displacing the 

beer and wasting valuable space in the glass that could be filled with more beer. 

  

 

 


