












• Total impedance (Z) is made up of resistance, inductance, 
and capacitance

• The reactive component (X) of impedance is made up of inductance and 
capacitance and is greater than the resistive (R) component of 
a line

• The Reactive components magnitude correlate with the voltage level

Review
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• MW flow on a transmission facility is the result of the resistive component 
(R)

‒ Real power is measured in watts (W) and is in-phase with the load

• VAR flow on a transmission facility is the result of the 
reactive component (X) 

‒ Reactive power is measured in volt amperes reactive (VAR) and is out of phase 
with the load

• VARs supply magnetizing current for inductive loads and charging current for 
capacitive loads

Power Flow
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Real Power (PR) flow between two buses is obtained by:

Where,

P    = Real power in MW

VS    = Sending-end voltage

VR = Receiving-end voltage

X    = Line reactance between buses

 = Angle delta between bus voltages

Real Power Flow
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• Angle theta,  is the symbol for the angle difference between current and 
voltage

‒ Used in determining power factor indicating  the portion of total current and 
voltage that is producing real power

• Angle delta,  is the symbol for phase angle difference between the sending 
and receiving voltages

‒ Negative MW’s indicate flow into the sending bus Positive MW’s indicate flow out 
of the sending bus

Real Power Flow
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• In order to transfer real power across a transmission line, there must be an 
angle (delta) between the voltages at each end of the line

• Greater phase angle difference; more real power transferred

• Maximum power transfer theoretically occurs at 90o

• Real Power flows “downhill” to a more lagging angle

Real Power Flow
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• Increasing reactance results in a decrease in real power transfer

• Increasing the phase angle difference increases real power transfer

• Neither increasing or decreasing voltage magnitudes has a significant effect 
on the flow of real power

• If impedances of parallel lines are equal, power flow is 
equally distributed

• If impedances of parallel lines are different, real power flow is inversely 
proportional to line impedance

Flow of Real Power Summary
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• Increasing the voltage magnitude at the sending end increases the reactive 
power flow toward the receiving end

• Increasing the voltage magnitude at the receiving end decreases the reactive 
power flow toward the receiving end

• Increasing the path reactance between the two buses decreases the reactive 
power flow towards the receiving end

Flow of Reactive Power Summary
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