
Power Factor Explained So You'll Understand!  
 

You don't need to be an electrical engineer to understand Power Factor! Traditional definitions 
are abstract and confusing to those of us who are not 'Double-E1 Gurus yet. Being somewhat of 
a EE "Old-timer" (also an ME) who didn't really understand a VAR for the longest time, I 
understand the basis of this confusion. It's because not many of us can relate the traditional 
definitions, which use vectors or phase angles, to what is actually happening in the wires.  
This is intended to help others understand the concepts related to Power Factor. I'll explain only 
the parts of electrical engineering that are necessary, and I'll take you through Real & Reactive 
Power, the VAR, the Power Triangle, where to install correction capacitors and how to 
determine if you should correct it (energy, economics and payback). There is also information on 
Power Factor Terminology. - Its all here!  
 

Power Factor Fundamentals  
The following three things need to be understood before we can get into explaining Power 
Factor: The AC Sine Wave, Instantaneous AC Values, and RMS Values.  
 
The AC Sine Wave: To understand Power Factor, we must first understand the alternating 
current (AC) sine wave. It is the basis for AC systems and is quite simple. (Refer to the graphic 
on the next page)  
 
The voltage in an AC system pushes the current in one direction and then pushes in the reverse 
direction. A full cycle is one complete change of directions and then returning to the beginning. 
This happens 60 times in a second...thus 60 cycles per second (or 50, depending on your part of 
the world). Each complete cycle is considered to go from 0 to 360 degrees (in all parts of the 
world). 

	  

	    



Instantaneous AC Values: Here is another easy fundamental concept ....Adding Instantaneous AC 
Currents. If cable 'A' is feeding a junction that then splits into cables 'B' and 'C' the electric current 
flow in A is simply the sum of B and C or (A = B + C) at each instant in time. Again, the unit of 
electric current flow is the Ampere (or amp for short).  
 
Recall that we showed voltage in an AC system as a sine wave. Current flows in AC systems are also 
in the form of sine waves. So if cables A, B and C all have currents appearing as sine waves and we 
want to add B plus C to determine A, then we need to add the currents at the same instant of time. 
Lets look at a couple of points in time in this example and see how A = B + C.  

 
At 0 degrees, B = 0.5, C = 0 and thus A = 0.5  
 
At 90 degrees, B = 0, C = 0.5 and thus A = 0.5 
  
At 135 degrees, B = -0.35, C = 0.35 and thus A = 0  
 
Notice how at 135 degrees, C has the same magnitude as B but is negative, thus flowing in the 
reverse direction. So B's current is flowing back to the junction and leaves through C's cable. 'A' 
sees no current flow at this instant.  
 
	    



In this example, A's current is similar in profile to that of a motor. A motor is made up of 2 
components of current that add together: "Load Current" and "Magnetizing Current." I'll explain 
that later (but its very important that you understand this).  
Now look at this example and see how the currents in B & C are exactly opposite at every 
instant, therefore A = 0 all the time. Also notice that the currents of B & C are taking turns 
feeding each other while A stays at 0. 

 
Power factor theory doesn't get much more complicated than that!  

This diagram is similar to what happens when adding a power factor correcting capacitor to a 
motor. For half of the cycle, the motor's magnetizing current (C) is fed from the capacitor (B) so 
the motor's cable (A) doesn't need to deliver that extra current. During the other half cycle, the 
magnetic field is collapsing and pushing current back into the capacitor. Ultimately, cable 'A' 
isn't carrying any of the magnetizing current.  
 
If you don't understand this, don't worry, I'll explain it again in the "Power Factor Capacitor" 
section.  
 
Next we need to understand that Power Factor is primarily an AC phenomenon. Yeah, yeah, 
yeah, it can be associated with chopped or oscillating DC circuits, but lets stay basic here... it’s 
really an AC thing. 

 
	    



Motor Current: Magnetizing and Load Components  
 

As I mentioned in the previous section, motor current is composed of two parts: "Load Current" 
and "Magnetizing Current". They add together inside the motor to make the total current 
delivered to the motor. There are not two separate circuits in the motor, however, you can think 
of it that way if you wish (in fact, that's how motor current is shown in an electrical model by 
system engineers - two separate lines). Take a look at the graphic below. 
 

 
Here are the important features to understand about these two components of motor current (not 
difficult, but important).  
 
Magnetizing Current:  
 
Magnetizing current establishes the magnetic field so the motor will spin.  
 
Magnetizing current is constant (see the graphic below). The amount of magnetizing current 
that a motor draws depends on how the motor was made and does not vary with load.  
 
Magnetizing Current uses no energy. What it uses in one half cycle it returns in the next 
half....more on this later but for now just push the "I believe" button...magnetizing current 
consumes no power.  
 
When voltage is applied to the motor (remember, its a sine wave), the magnetizing current (also 
a sine wave) doesn't rise until 90 degrees after the voltage rises. This is referred to as lagging 
current. Magnetizing Current lags Voltage by 90 degrees.  
 
I'll explain why later, but that’s not important if you just believe it. 



 
Load Current:  
 
Load Current develops when something tries to prevent the motor from spinning (like a 
compressor attached to the motor). The resistance to the spinning is the load. The Load Current 
increases with increased load.  
Load Current uses energy. This is what is doing the work (i.e. driving the compressor).  
When voltage is applied to the motor, the load current rises and falls perfectly in step with the 
voltage. It doesn't lag at all. This is referred to as being in phase; a 0 degree difference. Load 
Current is in phase with Voltage. See the graphic below. 

 
	    



Total Motor Current:  
 
OK, now let’s refer to the graphic below. Remember, motor current is the sum of magnetizing 
current plus load current (A = B + C) and we know that magnetizing current lags the voltage by 90 
degrees and is constant, regardless of load. We also know that load current is in phase with the 
voltage and grows as the load increases. So the sum of those two, which is the motor current 
delivered by the cable, should be offset from voltage somewhere between 0 and 90 degrees, 
depending on the amount of load current being drawn. This example shows equal load current and 
magnetizing current, therefore the offset is 45 degrees (equally between 0 and 90 degrees). 

  
Now look at the next graphic to see that under no-load conditions, the no-load current equals the 
magnetizing current (important). Also, as the load current grows, the total motor current 
increases and it gets closer and closer to being in phase with voltage. More on this in the next 
section. 

 
	    



The Power Factor Explanation  
 

Understanding the Power Factor explanation will be easy, now that you understand the 
fundamentals. You don't need to be an EE for this.  
 
The components of motor current are load current and magnetizing current (adding those 
instantaneous values yields the total motor current). Also, because load current is in phase with 
voltage and magnetizing current lags voltage by 90 degrees, their sum will be a sine wave that 
peaks somewhere between 0 and 90 degrees lagging which is the motor current's offset (in time) 
from voltage. There are negative effects associated with increased offset and that’s part of the 
power factor explanation.  
 
Anyhow, Power Factor represents the offset in time between voltage and the total current and is 
defined as the cosine of that offset. So when you look at the example in the graphic below, Total 
Current lags the voltage by 45 degrees. That is the offset. The cosine of 45 degrees is 0.707, and 
we call it "lagging" because the current lags behind the voltage. 

 
If the offset was 0 degrees (voltage and current in phase), the power factor would be 1.0 (cosine 
0 = 1) and if the offset were a full 90 degrees (this would be all magnetizing current), the power 
factor would be 0.0 (cosine 90 = 0). So big deal....why is this offset so important? Fair question, 
very fair...also part of the power factor explanation.  
 
In a motor, the component of load current is the current associated with doing work (i.e. 
pumping fluid, compressing gas, etc.) and the magnetizing current is not doing work. I know, I 
know... without the magnetic field the motor wouldn't work. This is true, however, as stated 
earlier, the magnetic field takes some energy to get built up in one half cycle and then returns 
that energy to the system in the next half cycle, so its net effect is that it uses no energy.  
 
So if we consider the cable that delivers power to the motor; when we add the magnetizing 
current to the load current, the cable's total current flow becomes larger. We, however, really just 
want to drive the load. If we could find a way to supply the magnetizing current without sending 
it down the cable, then the cable would only need to deliver the load current. Somebody has 



already figured this out! Hint....it’s the capacitor and I'll explain in the next section how it does 
this. It stores and releases energy for use by the magnetic field locally (by that I mean at the 
motor-end of the cable delivering power).  
 
Buildings and Industrial Plants  
 
Current delivered to a building or an industrial plant (or just about anything else) is similar to a 
motor's current....it can be broken down into two components, load current and magnetizing 
current. The magnetizing current is simply the sum of all the magetizing components being fed 
in the building and the load current is the sum of all the load currents. I refer to motor currents, 
but you can think of your plant as a big motor...the "Mother of all Motors".  
 
Disadvantages of Low Power Factor  
 
Lower power factor on a line means that higher current is flowing through it. The following are a 
few disadvantages to that:  
 
Higher current results in a greater voltage drop on the line, especially if the line is marginally 
sized or very long. It’s like trying to push too much water flow through a pipe; the pressure drops 
as you move down the pipe. In the cable, this results in an energy loss due to heat dissipation.  
Also, higher current can push equipment closer to their rated capacities. Cables are rated based 
on their current carrying capacity. Transformers and generators are rated by VA (Volt-Amps) 
which is current carrying capacity at a certain voltage.  
 
Another disadvantage to excess current flow, and it can be a big one, is the Reactive Demand 
Charge. The Utility that delivers the power to you will likely charge you if your Power Factor is 
too low. There are many different ways to determine this charge but the rational is this. If the 
Utility line that delivers your power (remember all lines have a current carrying capacity) is 
carrying your magnetizing current (current that could be supplied locally by you), then you are 
eating into the capacity of that line and taking away the ability for them to sell power to other 
customers with that line.  
 
The result...Surprise! You Pave!!  
 
Capacitors, VARS and the Power Triangle The Power Factor explanation is not over. We need to 
discuss the Power Factor Triangle, also called the Power Triangle, but first I'd like to explain 
how a capacitor is used in Power Factor Correction and then explain some Power Factor 
Terminology. 

The Power Factor Correction Capacitor - What it Does  
 

Now I'll explain why we would connect a Power Factor Correction Capacitor to the motor's 
circuit. This gets sort of fun....not too complicated! We have previously learned that motor 
current is composed of 2 parts: "Load Current" and "Magnetizing Current". They add together 
inside the motor to make the total current delivered to the motor.  



Magnetizing Current, establishes the magnetic field so the motor will spin, its current is constant 
and does not vary with load, it uses no energy and its sine wave lags the voltage's sine wave by 
90 degrees.  
 
Load Current is zero if the motor is spinning with no load (theoretically, meaning no friction 
losses, wind losses, etc.) and increases with increased resistance to spinning. Load Current 
delivers energy to do the work (i.e. drives the pump) and the Load Current's sine wave is in-
phase with the voltage's sine wave.  
 
In the graphic below I show a very lightly loaded motor. It has a Power Factor of less than 0.3. 
Notice there is a lot of magnetizing current compared to the load current. 

 
We know that the load current is the one that delivers the power, so if we could eliminate the 
magnetizing current, the total current delivered to the motor would be less.  
 
In the graphic below is the same motor with no magnetizing current being delivered, thus the 
total motor current equals the load current and the Power Factor on this line is 1.0, or unity. 

 



So how do we get rid of it? How do we stop delivering the magnetizing current component along 
the cable feeding the motor? If you remember back in the "Adding Currents" section, I displayed 
the following graphic which shows two curves; one is magnetizing current and the other is that 
of a power factor correction capacitor which draws a current of equal magnitude.  

 
The currents are 180 degrees apart from each other. Comparing them to the system voltage, the 
magnetizing current lags the voltage by 90 degrees and the Power Factor Correction Capacitor 
current leads (happens ahead of) the voltage by 90 degrees. Anyhow, they complement each 
other... when the magnetic field is building-up, it is demanding current. During that time the 
capacitor is discharging and supplying current. On the flip side, when the magnetic field is 
collapsing and kicking current back into the system, the capacitor is demanding current and 
building a charge.  
 
A Match made in Heaven!....a perfectly compatible couple.  
 
What does this mean? If we connect a Power Factor Correction Capacitor near the motor, the 
capacitor and the motor can take turns feeding each other the current associated with the 
magnetic field. Now, the cable that connects the motor to its source of power needs only to 
deliver load current.  

Power Factor Terminology  
 

Power Factor Terminology, because now you understand the concept of Power Factor and a 
Power Factor Correcting Capacitor, is something that you are ready for (exciting!).  
 
After that ...."The Power Triangle".  
 
Load Current is also referred to as Real Current because it’s the component of current that’s 
really doing the work. (Remember? The magnetizing current only builds a magnetic field, the 
load current is associated with driving the load.)  
 
 



If the current peaks before the applied voltage, it is said to be Leading Current. If the current 
peaks after the voltage, it is referred to as Lagging Current.  
 
Capacitor Current and Magnetizing Current, which leads and lags (respectively) the voltage by 
90 degrees, is also called Reactive Current or Imaginary Current (I wish they wouldn't call it 
"Imaginary" because it really does happen).  
 
The Total Motor Current (or total current delivered to a set of loads, like a building) which is the 
instantaneous sum of the Real Current and Reactive Current, is also called the Apparent Current 
(remember, 1 amp + 1 amp = 2 amps of RMS current ONLY IF THEY ARE IN PHASE WITH 
EACH OTHER).  
 
Power Factor Terminology often focuses on load and power. If we multiply the Real Current (the 
current that drives the load) by the system voltage we get the Real Load or Real Power. The units 
of Real Load, or Real Power, are Watts (i.e. kW, MW, etc.)  
 
If we multiply the Reactive Current (the current that’s associated with storing and releasing 
energy for magnetic fields) by the system voltage we get the Reactive Load or Reactive Power, 
which is also called Imaginary Load. Its called Imaginary Load because its really not a load....it 
consumes no energy, but rather swaps it during every cycle from one storage device (magnetic 
field) to another (capacitor or generator), similar to how a pendulum continuously changes from 
potential to kinetic energy and back. The units of Reactive Load or Reactive Power are VARs, 
which stands for Volts-Amps-Reactive (i.e. kVAR, MVARs, etc.)  
 
If we multiply the Apparent Current (the total current delivered to the load) by the system 
voltage we get the Apparent Load or Apparent Power. The units of Apparent Load are VA, for 
Volt-Amps (i.e. kVA, MVA, etc.). Apparent Power is a combination of work-related current and 
non-work related current. Many devices, including transformers, are rated in VA, which is really 
their current carrying ability at the system voltage (regardless of how much of the current is 
driving a load vs. building a magnetic field).  
 
Power Factor Terminology is important because EEs are always trying to squeeze these words 
into a conversation. This might be a good page to print and read every night before bed (like EEs 
do).  
 
Now that we understand Power Factor Terminology, let’s go on to the ....Power Factor 
TRIANGLE.  

 
The Power Factor Triangle: Real, Reactive and Apparent Power  

 
Power Factor Formulas and the Power Factor Triangle, now that you understand the 
terminology, are easily within your grasp. The key to the Power Factor Triangle is understanding 
vectors. I'll make vectors easy and in a few minutes you'll have it.  
 
 
 



Vector Analysis  
 
Vectors are simply another way to draw sine waves. You'll see it’s not difficult and actually 
makes things easier. Vectors, as used in this discussion, are representations of a sine wave of 
current relative to a sine wave of voltage. Instead of showing the current as a sine wave, the 
vector shows it as a straight line that points in a direction. The length of the line represents the 
RMS value of the current (remember, peak value x 0.707) and the direction of the line represents 
the phase angle of the current relative to the voltage (this is the "offset" as discussed in the 
"Power Factor" section).  
 
The direction of the arrow is simple. It’s like a compass, 0 to 360 degrees. Remember, this is the 
offset. The compass starts at 3 o'clock and rotates counter-clockwise in a full circle. We establish 
that the voltage's sine wave peaks at 0 degrees (this is the reference).  
 
Lets look at cases where the currents leads or lags voltage by 45 degrees. See the graphic below.  

 
Current B lags the voltage by 45 degrees so the vector points down and to the right (see below). 
Current A leads by 45 degrees (it's happening 45 degrees ahead of voltage) so it points up and to 
the right. Since the peak currents are 1 Amp, the RMS currents are 0.707 Amps. 

 



Adding Vectors  
 

This is almost as fun as connecting the dots (an EE's childhood pastime). To add two RMS 
currents, simply put one vector at the end of the other (remember to point in the correct direction, 
not 180 degrees out). The resultant, a straight line from where you started to where you ended, is 
the sum.  

 
Hopefully that makes sense to you. Now let’s apply what you already know....the load current in 
motors, which does the actual work, is in-phase with the voltage and therefore the load current 
vector points at 0 degrees (left to right). The magnetizing current in motors (and transformers), 
which does no work and lags behind the voltage by 90 degrees, points straight down. Oh yeah, 
capacitive current, which also does no work and leads voltage by 90 degrees, points straight up. 
(See below) 
 

 
Good news! Because the Power Factor Triangle is all about examining the relationship between 
load currents and reactive currents, we will simply be adding currents that are inphase with 
voltage (vectors pointing at 0 degrees) to currents that are 90 degrees out of phase (magnetizing 
or capacitive). See the graphic below, which only has load and magnetizing currents. 



 
Back in the Power Factor Terminology section we learned that Load Current multiplied by the 
system voltage yields Real Load, also called Real Power. The units of Real Power are Watts (i.e. 
kW, MW, etc.)  
 
When we multiply the Reactive Current by the system voltage we get the Reactive Load or 
Reactive Power (also called Imaginary Load). The units of Reactive Power are VARs, which 
stands for Volts-Amps-Reactive (i.e. kVAR, MVARS, etc.). 
 
If we multiply the Apparent Current by the system voltage we get the Apparent Load or 
Apparent Power. The units for Apparent Power are VA, for Volt-Amps (i.e. kVA, MVA, etc.).  
Changing the above graphic into terms of Power yields the Power Factor Triangle, also called the 
Power Triangle.  
 
The Power Factor Triangle (below) shows that  
 
(Real Power squared) + (Reactive Power squared) = (Apparent Power squared)  
 
Yup! Pythagorean's Theorem....and you thought you were done with that in high school 
geometry! 



 
 

Motor Power Factor  
 

A motor power factor will change based on the loading of that motor. The amount of energy that 
is stored and released in the motor's magnetic field with each sine wave is constant, regardless of 
its load. This is called the Reactive Load or Reactive Amps.  
 
Since we previously learned about the Power Factor Triangle, this concept will be easy.  
Ideally the current flow of a motor running with no load connected (the no-load current), is also 
the magnetizing current, or reactive current. In reality, a very small amount of real power is used 
to overcome friction and windage while spinning the motor at no-load.  
 
With the motor running only slightly loaded, the motor power factor is poor due to a high ratio of 
magnetizing current to load current. However, as the motor gets loaded and its load current 
increases, its power factor improves. 

 
Also, if the motor is oversized or improperly designed, the magnetic field is oversized relative to 
the load, and the motor power factor is worse than if properly sized. This can occur in 2-speed 
motors whereby the physical design of the motor lends itself more to the high speed mode than 



the low. In this case the low speed winding can actually have a higher magnetizing current than 
the high speed winding, making the low speed motor’s power factor considerably worse.  
 
PF Correction Location Considerations for Choosing the Correct Location  
 
Your PF correction location is a fundamental part of the correction.  
Poor power factor is most commonly corrected with the insertion of a capacitor or a capacitor 
bank (a grouping of capacitors) at the desired location to perform the correction. If you don't 
correct for power factor, your source will carry the excess current associated with the building 
and collapsing of magnetizing fields. This limits the capacity of all the components along the 
transmission path.  
 
The capacitor provides current that Leads the voltage. This combines with the current associated 
with the magnetic fields that Lags the voltage and cancels it out, if sized correctly. Synchronous 
machines (either motors or generators) can also supply leading current, similar to a capacitor, by 
over-exciting their rotating field. Also, solid state devices are now available for supplying 
leading current, but for this discussion the capacitor will be used for correction.  
 
Regarding PF correction location, as stated at the end of the Power Factor Capacitor section, if 
we connect a capacitor at the motor, the capacitor and the magnetizing field of the motor take 
turns feeding each other electric current. This is reactive load being supplied by the capacitor. 
When the capacitor discharges into the motor it builds the magnetic field. When the magnetic 
field collapses as a result of the voltage changing directions, the current is pushed out of the 
motor and into the capacitor and builds the charge.  
 
Because the capacitor supplies the magnetizing current (the Reactive Load), the cable coming 
from the source of power need only supply the load current (Real Load). The cable and other 
components upstream of the point where the capacitor ties in, deliver only load current to that 
motor, or the "corrected current" and therefore don't need to be sized to also handle the 
magnetizing current of that motor. "Corrected Current" has been emphasized because the current 
flow to the load has only been corrected upstream of the point in the system where you tie in the 
capacitor. There is no change to the current flow downstream of the tie-in point, which is still 
carrying the magnetizing current. Thus the PF correction location is key to accomplishing your 
goal.  
 
Note: Choosing a PF correction location at a motor merely corrects the amperage demands 
on upstream equipment imposed by that motor. An upstream transformer may still be 
delivering disproportionately large amount of magnetizing current to other motors.  
 
The real and reactive loads at an MCC, at a substation transformer or a feeder cable are simply 
the sum of all the real and reactive loads that it supplies. So if an MCC supplies 3 motors that 
each draw 2 kW and 0.3 kVARs, the feed to the MCC is delivering  
 
2 + 2 + 2 = 6 kW  
and  
0.3 + 0.3 + 0.3 + 0.9 kVARs  



A system will have several power factors. Every location in the system where the current 
changes, which is every branch, will have a different power factor.  
 
* this means that the load that the transformer is supplying is  
2MVA x 0.7 = 1.4 MWatts  
 
*correcting to a power factor of 0.9 would mean that the 1.4MW load would now only draw  
1.4 MW / 0.9 = 1.56 MVA  
(that freed up 22% of the transformers capacity!)  
 
Correcting Power Factor at the Utility Meter  
 
If you are paying large reactive demand charges and you simply want to cut that down without 
correcting the power factor within your plant, your PF correction location can be to install a 
capacitor bank at your service entrance. Electrically, the Utility's lines receive the only benefit. 
But because they no longer need to deliver VARs to you, they have more current carrying 
capacity available on those lines to sell to others. The result: You don't pay a "Reactive Penalty". 

 
Transformer Capacity & Power Factor  
 
Say our substation is loaded to the maximum transformer capacity and we know it is delivering 
power at a poor power factor; our options are:  
 
1. unload the transformer by disconnecting loads from it  
 
2. buy a larger transformer  
 
3. provide additional cooling to it (this raises the transformer capacity) or  
 
4. correct the power factor  
 
Let’s look at an example of correcting the power factor: 



 
Correcting Power Factor at the Substation Transformer  
If you need to reduce the kVA load of a substation transformer, you need to reduce its amps. 
Correcting power factor can help and possibly alleviate the need to re-feed loads from another 
source. One key point regarding PF correction location ....put the capacitor bank on the correct 
side of the transformer. Remember, you benefit the equipment upstream of the point where you 
tie-in the capacitor, so you tie it in on the secondary side.  
  

 
Example:  
  
a 2 MVA transformer is operating at capacity and delivering power at a power factor of 0.7  
 
	    



Correcting Power Factor at the Motor  
 
By applying the correction near the motors in your plant, which is the lowest level, you are 
helping everything upstream. This is the most beneficial PF correction location, but is expensive 
if not done during initial construction. An added benefit is that when the motor is turned off, the 
capacitor, which is not needed, comes out of the circuit.

 
 
Correcting Power Factor at the MCC  
 
In the cases where we have several motors fed from a Motor Control Center (MCC), a 
convenient PF correction location is at this one point. This would be a larger capacitor or a 
capacitor bank (a group of capacitors) for all loads powered from that location.  
 
What will this do? Again, it relieves the equipment upstream of that PF correction location from 
having to supply the VARs (magnetizing current) associated with these motors. This means less 
amperage on the components that deliver the power to the MCC. The situation downstream has 
not changed. The cables from the MCC to each of the motors still delivers the reactive power to 
the motors. This may not be a problem if the conductors are adequately sized such that the excess 
amperage does not cause a voltage drop to the loads.  
 
One additional disadvantage is that a bank of capacitors may provide too much reactive load 
when some of the loads are turned off. Switching segments of capacitance into and out of the 
system may be required as the load changes. There are reliable systems available that automate 
this function.  
 
If the transformer is rated at 2,000 kVA and operates fully loaded at a .70 power factor, how 
much capacity can we free-up if we correct the power factor to .90? (Notice that the transformer 
is not rated in kW, but rather, by the amperage that it can carry at a specific voltage, kVA)  
Since power factor is the percentage of the apparent power (kVA) that is used to supply real 
power (kW), then in this example only 70% of the kVA is used to deliver real power.  
So the transformer delivers 2,000 kVA x 0.7 = 1,400 kW  
 



It follows then, that this transformer delivers 1,400 kW of true power and if we correct the Power 
Factor to .90 we can deliver 1,800 kW. That's over a 28% improvement. This application can be 
one of the larger cost benefits associated with Power Factor Improvement.  
 

Energy Savings & Power Factor  
 

Let’s look at the energy savings associated with the cable from the previous example in the 
"Transformer Capacity" section, which was 1,000 feet long, delivering 1,400 kW of power at 
13,800 volts and a Power Factor of 0.7.  
 
Since Power is the product of Volts, Amps, Power Factor and the constant 1.73 (for 3 phase 
circuits), then the current flow in the cable is 83 amps. If we correct the power factor at the 
transformer from 0.7 to 0.9, the current flow in the cable drops to 65 amps.  
 
In piping systems, the pipe-wall friction creates pressure drops and thus energy losses associated 
with higher flow rates. In electrical systems, the resistance of the cable creates voltage drops and 
thus energy losses associated with the higher flow. The heating loss in the cable is: Heat Loss in 
Watts = Amps x Amps x Resistance, and a typical resistance for a cable used in this application 
would be .1 ohm per 1,000 feet.  
 
So the heat loss at a .7 power factor is 689 Watts and the heat loss at .9 Power Factor is 417 
Watts. This cable consumes 272 Watts to carry that Reactive Current. That would be 
approximately $350 per year at 15 cents per kWH.  
 

Reactive Demand & Reactive Demand Charges  
 

What is a Reactive Demand Charge?  
 
The Reactive Demand Charge on an electric bill can be one of the largest justifications of 
improving a plant's power factor. It is not an energy related savings, but rather a penalty 
avoidance savings. The charge exists to deter a utility customer from drawing excessive current 
flow to his plant due to poor power factor.  
 
(If you are unclear about this concept, finish reading this section. If you then feel that you need a 
better understanding of Power Factor, go to our Homepage....that’s what this site is all about!)  
Many electric bills don't have a Reactive Demand charge. Usually only the rate structures for 
larger customers contain this charge.  
 
The reason for the Reactive Demand Charge is twofold and both are related to equipment 
capacities. The first is related to the generation of power, and the second has to do with 
delivering that power to the end-user.  
 
Power Plant Generators  
 
Power Plant Generators are capable of supplying a fixed amount of current (amperage). It doesn't 
matter if the generator's current is used to supply the power requirements of customers or just the 



magnetic fields of the customer's equipment. If the Utility invests in a generator and the 
customer is pulling in excess current due to a low power factor, the customer is eating into the 
generator's capacity and thus cuts down the Utility's ability to make money by selling power to 
other customers with that generator. (You know that's not going to happen.) The utility will often 
install the capacitors themselves, to supply the magnetizing current being demanded by the 
customer, thus freeing up the generator's current carrying capacity to deliver power.  
 
Transmission Lines and Transformer Capacities  
 
Transmission lines and transformers are also capable of carrying a fixed amount of current. 
Beyond that amount, they begin to heat and can potentially fail, thus the limit. So if the Utility 
invests in a transmission line or a transformer and the customer is pulling in current to supply his 
power requirements plus the excess current associated with a low power factor (current that 
could be supplied locally by the customer with capacitors), the customer is eating into the 
capacity of the utility's transmission equipment and thus restricts their ability to sell power to 
other customers with those investments.  



How is a Reactive Demand Charge Calculated?  
There are many versions of imposing this charge to customers; however, the concept usually 
goes as follows. Use the Terminology information following as a reference, if required.  
A kW is a rate of power consumption. A kVAr is a rate of exchanging energy with magnetic 
fields. If the customer pulls a certain amount of current into his plant, even for a short time, the 
utility must assume, and allow for that amount to be pulled in at any time. This helps determine 
the capacity available on that transmission line. Hence, the highest rate of kVAr (usually the 
highest 1 hour average rate for the month), less an allowance of kVAr (which is usually a 
percentage of the kW for that same hour), is the value that is used to calculate the charge.  
Terminology  
A power factor definition is stated many ways, but it's the same phenomena explained from 
differing viewpoints. Often missing are some simple power factor theory fundamentals, thus 
causing it to seem like 'electrical voodoo'.  
From an energy supplier's perspective: The power factor formula represents the fraction of 
power used by a customer compared to the total apparent power supplied, expressed as a 
percentage. Also stated as the ratio of 'real power' to 'apparent power', or as 'Watts' to 'kVA' PF = 
avg Watts / (rms Volts x rms Amps)  
From a transmission and distribution perspective: A power factor represents how far the 
electrical equipment causes its current flow to be out of phase with the voltage in the 
transmission line.  
Power Factor Definition from a Textbook: (which meant nothing to me for sooo long) Power 
Factor is the cosine of the phase angle between the voltage and the current.  
From an Industrial Engineer's perspective: Power factor describes how much of the current is 
attributable to delivering real power. A power factor of one (unity or 1.0) means that all the 
current is delivering real power and a power factor of zero indicates that none of the current is 
delivering real power. 


