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REACTIVE POWER SOLUTIONS

TECHNICAL APPLICATION NOTE   TS 03-016I Issue 2 
 

POWER FACTOR CORRECTION 
 
1. Active and reactive power, power factor 
 
Devices consuming electrical energy present two types of loads: resistive and reactive. Those purely 
resistive are characterized because the current absorbed is placed in phase with the applied voltage  
(fig. 1). This is the case of incandescent lamps, electrical heaters, and so on. 
 
In this type of loads the network power absorbed is totally 
transformed in mechanical power, in heat or in any o other 
form of energy. The current absorbed by these loads is 
called active current. 
An ideal reactive load (inductive) absorbs a current that is 
out of phase 90º in delay in relation to the applied voltage 
(fig. 2). In this case the power absorbed is not transformed 
in useful work or in heat, but stored in form of an electrical 
or magnetic field during a short period of time, being 
returned to the network in a time equal to the one it took to 
be stored, by resulting a void net consumption. Currents 
absorbed by these loads are known as reactive currents. 
Usual real loads found in industrial installations can be 
considered as composed by one part purely resistive, in 
parallel with another part ideally reactive (fig. 3). In the transmission lines, discharge lamps, electric 
motors, transformers, soldering equipments, induction furnaces and so on, the reactive part of the load is 
of magnitude comparable to the resistive or active part. 
 
In the figure 3, IA represents the active current, IR the reactive current and I the total current requested by 
the load. Cosine of the angle that is forming the active current IA with the total current I, is called power 
factor or (in perfectly sinusoidal systems) cosϕ: 
 

     
  
 

 

Power factor can vary between 0 and 1. Approximate values 
of the power factor in the most usual loads are following 
indicated:  
 
  Loads     cosϕ 
 
Lighting  Incandescent lamp    1.00 
  Fluorescent lamp  0.60 
  Mercury vapour lamp    0.50 
  Sodium vapour lamp    0.70 
Induct motor Unloaded-Full load      0.15-0.85  
Soldering Resistance soldering    0.55  

Arc soldering    0.50 
Furnaces Induction furnaces      0.60-0.80 

Arc furnaces       0.80-0.85 
 
  

Fig. 1 

Fig. 2 
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Power really consumed by the installation, called active 
power is equal to the product of the active current IA and 
the feeding voltage V, (P = V · IA), being watt (W) or 
kilowatt (kW) its units. This power is the one registered by 
the installation meter.  
 
Reactive power absorbed by the installation is equal to 
the product of the reactive current IR by the feeding 
voltage V, (Q = V · IR), being measured in var or kvar. This 
power is not registered by the meter of the installation 
(unless there is a special meter for the reactive energy). 
 
Total current absorbed by the installation, I, multiplied by 
the feeding voltage V, gives us the apparent power  
(S = V · I), which is measured in VA or in kVA. 
 
As a summarize: 
 

Active Power Reactive Power  Apparent Power 

P = V · IA   (kW) Q = V · IR   (kvar) S = V · I    (kVA) 

Useful power.  
Registered by the meter 

Necessary power but not 
transformable in useful energy. 
Not registered by the meter of 
active 

Total power that flows towards 
the installation through the 
lines, transformers, equipments 
and so on. 

 
Fig. 4 

In the case of three phase systems, above products shall be multiplied by   . 
 
As the described powers are proportional to the currents, they can be represented in graphics in the 
same way (fig. 4). 
 
In figure 4 it is seen that the bigger the reactive current IR is (and so then Q), the bigger will be the angle ϕ 
and in consequence, lower the power factor (cosϕ). A low power factor implies a high consumption of 
reactive power and then an increasing in the losses in the lines and transformers. 
 
From the economical point of view, this can mean 
the necessity of using cables of higher section and 
even the necessity of substituting the equipments of 
transformation if total power required is superior to 
the capacity of the equipments already existing.  
 
The other economical factor to be taken into 
account is the one of the additional charges that 
supplying companies apply because of the low 
power factor.  
  

Fig. 4 

Fig. 3 
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2. POWER FACTOR CORRECTION 
 
The most easy and economical way to increase power 
factor, reducing then the reactive power consumption 
of the load, is the installation of capacitors. 
 
In figure 5 it has been added to the load a power 
capacitor installed in parallel.  
 
Power capacitors connected in parallel with the load 
absorb a reactive current of capacitive type which is out 
of phase 90º in advance in regard to the voltage. 
 
This current is in phase opposition in regard to the 
reactive current of inductive type of the load, producing 
its superposition a decrease of the total reactive 
current (and power) of the installation (fig. 6). 
 
By knowing the active power (kW) and the power factor (cos ϕ1) of an installation, it is then very easy to 
determine the necessary reactive power (kvar) of the capacitors to increase the power factor to a new 
value (cosϕ2). From figure 6 it is deduced the relation: 
 

                 
 
To avoid having to make calculations, later one there is included a table that gives the multiplying factor 
(tgϕ1 - tgϕ2) of the active power. 
 
 
3. ADVANTAGES OF THE POWER FACTOR CORRECTION 
 
3.1 Better profiting of transformers and generators  
 
Transformers are dimensioned depending on the power they must transform. This power is measured in 
kVA (apparent power). 
 
Being the active power and the apparent power united by the expression P = S · cosϕ, it is clear that if a 
transformer feeds a load with power factor equal to the unit, it will be possible to profit all its apparent 
power as active power, while if power factor is low, maximum active power that the machine will be able 
to give will be only of one fraction its apparent power. 
 
For instance, if we consider a transformer of 250 kVA, it 
can supply the following active power, without being 
overloaded, depending on the power factor:  
  

Cosϕ P (kW) 
 

0.5   125 
0.6   150 
0.7   175 
0.8   200 
0.9   225 
1.0      250 

 
  

Fig. 5 

Fig. 6 
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3.2 Reduction of losses by Joule effect 

 

Heat losses in the lines are caused by both, active and reactive currents, representing energy that it is lost 

but paid by the consumer.  

 

A power loss due to the Joule effect in a three phase line is given by the formula: 

 

               
        

  

 

Where:  P = Active power losses in the line 

R = Resistance of the line 

I = Current of the line 

IA= Active component 

IR= Reactive component 

 

From equation (3) it is deduced that losses generated by the reactive component of the current are 

independent of the active power transported by the line. When connecting capacitors in parallel to the 

load, IR reactive current and losses in the line decrease. 

 

Should be observed that power losses depend on the square of the current. In a discharge lamp with a 

cosϕ = 0.5, losses produced by the reactive current are three times bigger to those caused by the active 

current.  In a motor with a cosϕ = 0.7, half of the losses are due to the reactive current. 

 

As an example, let's see the losses that experiments a cable of 3 x 25 mm² and 50 m length, transporting 

40 kW with different values of the power factor: 

 

Cos ϕ P (kW) 

0.5   1.6 

0.6   1.1 

0.7   0.8 

0.8   0.6 

0.9   0.5 

1.0      0.4 

 

Definitively and for what on losses concerns, correction of the power factor offers the following 

advantages: 

     

     

     
 

 

o In an installation already working, it very much reduces the losses in the lines or by 

keeping them constantly it increases the effective power that the line can transport.  

This allows to delay having to widen the cables or the transformers and sometimes even 

making this unnecessary.  Power that can be transported through the line after the 

improvement of the power factor can be calculated by means of the following formula: 

                         

o In an installation still in project, for an established level of losses, it allows to dimension 

with more reduced sections and so much more economical. 
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3.3 Energy cost decrease 

 

As indicated before, current that registers the meter (active current) is lower than the total current that it 

is actually circulating through the installation and which is the one really generated and transported by 

the supplying company, who will dimension its generators and transformers not depending on the power 

able to be invoiced, but depending on the apparent power, always bigger to the first one mentioned. This 

is the reason for which the companies apply an additional charge presenting a low power factor. 

 

Example: (Spanish tariff of electrical energy) 

 

Additional charges being applied nowadays in Spain were fixed by the Ministerio de Industria y Energía 

(Ministry of Industry and Energy) in the B.O.E. 251 dated 20/10/83, being calculated from the average  

(cosϕ) power factor of the installation. Average cosϕ is determined from the following formula: 

 

     
  

   
    

 
 

 

Where:  WA = Quantity registered by the meter of active energy (kWh) 

WR = Quantity registered by the meter of reactive energy (kvarh) 

 

Installation of meters to measure the reactive energy is compulsory for over 50 kW of the contracted 

power, being its installation optional on behalf of the subscriber if the contracted power is lower than this 

value. 

Percentage value of the additional charge, that it is applied to the sum of the power and energy terms, is 

determined by the following formula: 

                    

      
  

    
    

 

Application of this formula to several values of the cosϕ gives the following results: 

 

Cosϕ Charge (%) Credit (%) 

1.00 ---- 4.0 

0.95 ---- 2.2 

0.90 0.0 0.0 

0.85 2.5 ---- 

0.80 5.6 ---- 

0.75 9.2 ---- 

0.70 13.7 ---- 

0.65 19.2 ---- 

0.60 26.2 ---- 

0.55 35.2 ---- 

0.50 47.0 ---- 

 

As it can be seen, correction of the power factor not only gets to eliminate charges up to 47% in the 

invoice of the electrical company but also to produce credits of since the 4%. 
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4. CALCULATION OF THE NECESSARY REACTIVE POWER OF AN INSTALLATION 

 

Calculation of the necessary power of an automatic capacitor bank to compensate the reactive power of 

an installation presents two stages: 

 

1st Determination of both, the power factor and the load of the installation 

2nd Calculation of the necessary reactive power to achieve the new power factor 

 

4.1 Determination of the power factor  

 

Power factor of an industrial installation suffers important variations, which extent depends on the 

nature of the installed equipments and also on their working timetable. It is so then convenient to clearly 

determine in each case in which conditions it has to be measured. 

 

4.1.1 Use of Network Analyzers 

 

There is nowadays in the market a large variety of network analyzing instruments, specially adapted for 

this application, from simple phase meters that provide an accurate and immediate lecture of the cosϕ, 

up to more complete instruments that also provide the active and reactive power of the installation. 

 

After a connection period for the acquisition of data, the most sophisticated instruments allow the supply 

of complete information on the average and the full load values of the power factor, the active and 

reactive power, as well as on the presence of harmonics. 

 

The using of one of these instruments offers the most effective result in the determination of the power 

factor because it allows monitorizing the installation during complete working cycles and makes possible 

the most adequate election of the rated power of the automatic capacitor bank. 

 

4.1.2 Installations with a reactive energy meter 

 

When an analyzer is not available and the load is not subject to big variations during the working day, the 

following formula can be applied: 

      
  

   
    

 
 

 

Where:  WA = kWh consumed during a long period of time (one month, i.e.) 

WR = kvarh consumed during the same period of time 

 

 

kWh and kvarh consumed can be obtained through the supplying invoices or as well through the direct 

watching of the meters. 

 

Example: Industrial plant working from Mondays to Fridays in one shift (8h/day). 

Data obtained from a supplying invoice of electrical energy: 

 

Active energy consumption:   33600 kWh 

Reactive energy consumption:   44688 kvarh 

Invoicing period:    1 month 
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By applying formula (5) it is obtained: 

      
     

              
      

 

For the later calculation of the power of the capacitors to be used, it is also necessary to know the active 

power. Active power can be determined by dividing the active energy by the time taken as reading 

period. In the example, this time is of 21 days x 8 hours = 168 hours: 

 

  
  

                
 

         

     
        

 

Cosϕ being calculated in this way gives us an idea of the AVERAGE value of the power factor. As 

previously indicated, if during the working day big variations of charge are presented and if the variable 

loads come from different equipments, it should be determined the power factor at FULL LOAD.  

 

Power factor at full load can be determined (if we do not have a network analyzer) by looking at 

simultaneously both meters during a small period of time (i.e. one minute) and writing down the number 

of revolutions they have done. This measurement shall be done at the time the installation is working at 

full load. This system shall be used with caution due to the possibilities of mistakes that it implies.  

 

Example: We observe the meters of the above industrial installation during a working period at full load, 

finding that during one minute the meter of active energy turns 70 times and the one of reactive 77 

times. 

 

Constant of the active meter is 20 rev per 1 kWh and constant of the reactive meter is 16 rev per 1 kvarh. 

 

Active energy consumed is:  And the reactive energy is: 

      

          
                             

      

          
          

 

Through the formula (5) we get: 

 

      
  

   
    

 
 

   

           
      

 

And the value of the active power at full load will be (7): 

 

  
  

                
 

       

 
   

        

 

Note: Another calculation variant is to use the formulas: 
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4.1.3 Installations without meter of reactive energy 

 

If the installation has not a meter of reactive energy, energy and active power are determined in the 

same way that in previous cases through the meter of active energy. To determine power factor it is 

necessary to have additional measuring instruments. These instruments shall be at least, one voltmeter 

and one ammeter. 

 

System to be followed is: The active power is determined through the meter in conditions of full load. 

Simultaneously, through the voltmeter and the ammeter it is measured the voltage between phases and 

the current of phase. This system must be used also with caution due to the higher possibilities of 

mistakes that it involves. 

 

With values of voltage and current, apparent power can be calculated through the following formula:  

              

 

Being:   S = Apparent power (kVA) 

U = Voltage between phases (V) 

I = Current of phase (A) 

 

Calculating through the following formula the value of cosϕ1 in these conditions: 

 

      
     

      
 

 

4.2 Calculation of the necessary reactive power 

 

In an installation which active power is P and its power factor cosϕ1, necessary power of the capacitors to 

pass to a new power factor cosϕ2 is given by (2): 

                 

 

Being:  QC = Necessary reactive power in kvar 

P = Active power of the installation in kW 

 

To simplify calculations, the expression (tgϕ1 - tgϕ2) can be calculated and presented in a table form as a 

multiplying coefficient of the active power. In next page it is included Table 1 that forwards this 

coefficient depending on the initial and final cosϕ.  

 

If the load is not subject to big variations during the working day, average values calculated according to 

what mentioned before can be used as cosϕ1 and power. In this case, cosϕ2 to be reached should be 

foreseen to a slightly higher value to the minimum fixed by the company of electricity (0.90 in Spain), so 

that in the moments of full load, work is not done under a too low power factor. 

 

If the load experiments important variations during the working day, it shall be taken as cosϕ1 the power 

factor at full load, determined through a network analyzer or through any of the above mentioned 

procedures. In this case, active power to consider will be also the one at full load. Cosϕ2 to be reached 

can be taken the same minimum one required by the company, even a detailed economic study can 

prove that in certain cases, compensation to a cosϕ higher than this minimum can be interesting due to 

the credit note that it is received from the company.  
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TABLE 1 

 
Capacitor power in kvar per kW of load to pass from cosϕ1 to cosϕ2 

 
Initial Values cosϕ2 

tgϕ1 cosϕ1 0.80 0.86 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1.00 
1.98 0.45 1.230 1.384 1.501 1.532 1.561 1.592 1.626 1.659 1.695 1.737 1.784 1.846 1.988 
1.93 0.46 1.179 1.330 1.446 1.473 1.502 1.533 1.657 1.600 1.636 1.677 1.725 1.786 1.929 
1.88 0.47 1.130 1.278 1.397 1.425 1.454 1.485 1.519 1.532 1.588 1.629 1.677 1.758 1.881 
1.82 0.48 1.076 1.228 1.343 1.370 1.400 1.430 1.464 1.497 1.534 1.575 1.623 1.684 1.826 
1.77 0.49 1.030 1.179 1.297 1.326 1.355 1.386 1.420 1.453 1.489 1.530 1.578 1.639 1.782 

                   

1.73 0.50 0.982 1.132 1.248 1.276 1.303 1.337 1.369 1.403 1.441 1.481 1.529 1.590 1.732 
1.68 0.51 0.936 1.087 1.202 1.230 1.257 1.291 1.323 1.357 1.395 1.435 1.483 1.544 1.686 
1.64 0.52 0.894 1.043 1.160 1.188 1.215 1.249 1.281 1.315 1.353 1.393 1.441 1.502 1.644 
1.60 0.53 0.850 1.000 1.116 1.144 1.171 1.205 1.237 1.271 1.309 1.349 1.397 1.458 1.600 
1.55 0.54 0.809 0.959 1.075 1.103 1.130 1.164 1.196 1.230 1.268 1.308 1.356 1.417 1.559 

                   

1.51 0.55 0.769 0.918 1.035 1.063 1.090 1.124 1.156 1.190 1.228 1.268 1.316 1.377 1.519 
1.47 0.56 0.730 0.879 0.996 1.024 1.051 1.085 1.117 1.151 1.189 1.229 1.277 1.338 1.480 
1.44 0.57 0.692 0.841 0.958 0.986 1.013 1.047 1.079 1.113 1.151 1.191 1.239 1.300 1.442 
1.40 0.58 0.665 0.805 0.921 0.949 0.976 1.010 1.042 1.076 1.114 1.154 1.202 1.263 1.405 
1.36 0.59 0.618 0.768 0.884 0.912 0.939 0.973 1.005 1.039 1.077 1.117 1.165 1.226 1.368 

                   

1.33 0.60 0.584 0.733 0.849 0.878 0.905 0.939 0.971 1.005 1.043 1.083 1.131 1.192 1.334 
1.30 0.61 0.549 0.699 0.815 0.843 0.870 0.904 0.936 0.970 1.008 1.048 1.096 1.157 1.299 
1.26 0.62 0.515 0.665 0.781 0.809 0.836 0.870 0.902 0.936 0.974 1.014 1.062 1.123 1.265 

1.23 0.63 0.483 0.633 0.749 0.777 0.804 0.838 0.870 0.904 0.942 0.982 1.030 1.091 1.233 

1.20 0.64 0.450 0.601 0.716 0.744 0.771 0.805 0.837 0.871 0.909 0.949 0.997 1.058 1.200 
                   

1.17 0.65 0.419 0.569 0.685 0.713 0.740 0.774 0.806 0.840 0.878 0.918 0.966 1.007 1.169 
1.14 0.66 0.388 0.538 0.654 0.682 0.709 0.743 0.775 0.809 0.847 0.887 0.935 0.996 1.138 
1.11 0.67 0.358 0.508 0.624 0.652 0.679 0.713 0.745 0.779 0.817 0.857 0.905 0.966 1.108 
1.08 0.68 0.329 0.478 0.595 0.623 0.650 0.684 0.716 0.750 0.788 0.828 0.876 0.937 1.079 
1.05 0.69 0.299 0.449 0.565 0.593 0.620 0.654 0.686 0.720 0.758 0.798 0.840 0.907 1.049 

                   

1.02 0.70 0.270 0.420 0.536 0.564 0.591 0.625 0.657 0.691 0.729 0.769 0.811 0.878 1.020 
0.99 0.71 0.242 0.392 0.508 0.536 0.563 0.597 0.629 0.663 0.701 0.741 0.783 0.850 0.992 

0.96 0.72 0.213 0.364 0.479 0.507 0.534 0.568 0.600 0.634 0.672 0.712 0.754 0.821 0.963 
0.93 0.73 0.186 0.336 0.452 0.480 0.507 0.541 0.573 0.607 0.645 0.685 0.727 0.794 0.936 
0.90 0.74 0.159 0.309 0.425 0.453 0.480 0.514 0.546 0.580 0.618 0.658 0.700 0.767 0.909 

                   

0.88 0.75 0.132 0.282 0.398 0.426 0.453 0.487 0.519 0.553 0.591 0.631 0.673 0.740 0.882 

0.85 0.76 0.105 0.255 0.371 0.399 0.426 0.460 0.492 0.526 0.564 0.604 0.652 0.713 0.855 
0.82 0.77 0.079 0.229 0.345 0.373 0.400 0.434 0.466 0.500 0.538 0.578 0.620 0.687 0.829 
0.80 0.78 0.053 0.202 0.319 0.347 0.374 0.408 0.440 0.474 0.512 0.552 0.594 0.661 0.803 
0.77 0.79 0.026 0.176 0.292 0.320 0.347 0.381 0.413 0.447 0.485 0.525 0.567 0.634 0.776 

                   

0.75 0.80 ----- 0.150 0.266 0.294 0.321 0.355 0.387 0.421 0.459 0.499 0.541 0.608 0.750 
0.72 0.81 ----- 0.124 0.240 0.268 0.295 0.329 0.361 0.395 0.433 0.473 0.515 0.582 0.724 
0.69 0.82 ----- 0.098 0.214 0.242 0.269 0.303 0.335 0.369 0.407 0.447 0.489 0.556 0.698 
0.67 0.83 ----- 0.072 0.188 0.216 0.243 0.277 0.309 0.343 0.381 0.421 0.463 0.530 0.672 
0.64 0.84 ----- 0.046 0.162 0.190 0.217 0.251 0.283 0.317 0.355 0.395 0.437 0.504 0.645 

                   

0.62 0.85 ----- 0.020 0.136 0.164 0.191 0.225 0.257 0.291 0.329 0.369 0.417 0.478 0.620 
0.59 0.86 ----- ----- 0.109 0.140 0.167 0.198 0.230 0.264 0.301 0.343 0.390 0.450 0.593 
0.57 0.87 ----- ----- 0.083 0.114 0.141 0.172 0.204 0.238 0.275 0.317 0.364 0.424 0.567 
0.54 0.88 ----- ----- 0.054 0.085 0.112 0.143 0.175 0.209 0.246 0.288 0.335 0.395 0.538 
0.50 0.89 ----- ----- 0.028 0.059 0.086 0.117 0.149 0.183 0.230 0.262 0.309 0.369 0.512 

                   

0.48 0.90 ----- ----- ----- 0.030 0.058 0.089 0.121 0.155 0.192 0.234 0.281 0.341 0.484 
0.46 0.91 ----- ----- ----- ----- 0.030 0.060 0.093 0.127 0.164 0.205 0.253 0.313 0.456 
0.43 0.92 ----- ----- ----- ----- ----- 0.031 0.063 0.097 0.134 0.175 0.223 0.284 0.426 
0.40 0.93 ----- ----- ----- ----- ----- ----- 0.032 0.067 0.104 0.145 0.192 0.253 0.395 
0.36 0.94 ----- ----- ----- ----- ----- ----- ----- 0.034 0.071 0.112 0.160 0.220 0.363 

                   

0.33 0.95 ----- ----- ----- ----- ----- ----- ----- ----- 0.037 0.078 0.126 0.186 0.329 
0.29 0.96 ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.041 0.089 0.149 0.292 

0.25 0.97 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.048 0.108 0.251 
0.20 0.98 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.061 0.203 
0.14 0.99 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.142 

 
Examples: 

   Power of the load =    200 kW   210 kW 
  Initial power factor, cosϕ1 =        0.60    0.59 
  Desired power factor, cosϕ2 =  0.90    0.90 
  It is required a capacitor of 200 x 0.849 = 170 kvar    210 x 0.884 = 185 kvar 


