
Determining the 
power factor 
correction 
requirements

The total kVAR rating of capacitors required 
to improve power factor to any desired 
value can be calculated by using the table 
published by leading power factor capacitor 
manufacturers. 
Using the Table below: 
To properly select the amount of kVAR 

required to correct a lagging power factor 
of a 3-phase motor; follow the following 
steps:
Step #1:  Determine the kW and existing 
power factor.
Step #2:  Find the existing power factor in 
the table on the left (in bold) – then move 
across the Table to the desired power factor. 
The number represented is your multiplier 
number.
Step #3:  Multiply the kW by the multiplier 
of the desired power factor.

Reducing 
electricity 
costs with 
improved 
power factor

This is the third brochure in the power 
factor series - the other two brochures 
are Power Factor: Basic Overview, 
and Power Factor: Technical Overview 
Guides. The aim of this brochure is to 
provide sizing and payback information 
for power factor correction equipment 
and should be read in conjunction with 
the rest in the series.

A facility’s power factor will rarely be at 
100% if the load is mainly uncompen-
sated inductive loads. Improving poor 
power factor is not difficult and often 
a guaranteed mechanism of saving on 
expensive electricity supply upgrades 
and the existing electricity bill. Correct-
ly sized power factor correction equip-
ment would ensure optimal correction 
meaning you pay for exactly what you 
need and no more.
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1.0 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.85 0.80

0.50 1.73 1.59 1.53 1.48 1.44 1.40 1.37 1.34 1.30 1.28 1.25 1.11 0.98

0.52 1.64 1.50 1.44 1.39 1.35 1.32 1.28 1.25 1.22 1.19 1.16 1.02 0.89

0.55 1.52 1.38 1.32 1.27 1.23 1.19 1.16 1.12 1.09 1.06 1.04 0.90 0.77

0.57 1.44 1.30 1.24 1.19 1.15 1.11 1.08 1.05 1.01 0.99 0.96 0.82 0.69

0.6 1.33 1.19 1.13 1.08 1.04 1.01 0.97 0.94 0.91 0.88 0.85 0.71 0.58

0.62 1.27 1.23 1.06 1.01 0.97 0.94 0.90 0.87 0.84 0.81 0.78 0.65 0.52

0.65 1.17 1.03 0.97 0.92 0.88 0.84 0.81 0.77 0.74 0.71 0.69 0.55 0.42

0.67 1.11 0.97 0.91 0.86 0.82 0.78 0.75 0.71 0.68 0.65 0.62 0.49 0.36

0.7 1.02 0.88 0.81 0.77 0.73 0.69 0.66 0.62 0.59 0.56 0.54 0.40 0.27

0.72 0.96 0.82 0.75 0.71 0.67 0.63 0.60 0.57 0.53 0.51 0.48 0.34 0.21

0.75 0.88 0.74 0.67 0.63 0.58 0.55 0.52 0.49 0.45 0.43 0.40 0.26 0.13

0.77 0.83 0.69 0.62 0.58 0.54 0.50 0.47 0.43 0.40 0.37 0.35 0.21 0.08

0.80 0.75 0.61 0.54 0.50 0.46 0.42 0.39 0.35 0.32 0.29 0.27 0.13

0.82 0.70 0.56 0.49 0.45 0.41 0.37 0.34 0.30 0.27 0.24 0.21 0.08

0.85 0.62 0.48 0.42 0.37 0.33 0.29 0.26 0.22 0.19 0.16 0.14

0.87 0.57 0.42 0.36 0.32 0.28 0.24 0.20 0.17 0.14 0.11 0.08

0.90 0.48 0.34 0.28 0.23 0.19 0.16 0.12 0.09 0.06 0.02

0.91 0.45 0.31 0.25 0.21 0.16 0.13 0.09 0.06 0.02

0.92 0.43 0.28 0.22 0.18 0.13 0.10 0.06 0.03

0.93 0.40 0.25 0.19 0.15 0.10 0.07 0.03

0.94 0.36 0.22 0.16 0.11 0.07 0.04

0.95 0.33 0.18 0.12 0.08 0.04

0.96 0.29 0.15 0.09 0.04

0.97 0.25 0.11 0.05

0.98 0.20 0.06

0.99 0.14



The following are some practical examples of calculating the 
required correction:

Example 1:
If a 150kW electric motor has a power factor before improve-
ment of 0.75 (Cos Ѳ1), and we require a power factor of = 0.96 
(Cos Ѳ2) – the capacitor correction factor from the Table above 
is 0.58. The required kVAR capacity can then be calculated as 
C = (150 kW) x 0.58 = 87 kVAR.

If kW or present power factor is not known you can calculate 
the required compensation using the following formulas (appli-
cable for 3 phase supply only) to get the 3 basic pieces of infor-
mation required for calculating kVAR:

P.F. =
 kW (Real Power)

  kVA (Apparent Power)
  

 kVA = 
1.73 x 1 x E

   1 000

kW =
 1.73 x 1 x E x P.F.   

kW  =
  H.P. x 0.746

  1 000        or       efficiency

kWA =
 V x A x √3    

=
  480 x 1 200 x √3  

= 1 000 kVA
  1 000      1 000            

P.F. =
  kW    

=
    800   

= 0.8 or 80% P.F.
  kVA    1 000             

Substitute the kVA into the power factor formula

ii)  The system kVAR after power factor correction to 0.95
    - System kVA after correction

ii)  iii) The power factor correction kVAR rating

Use the multiplier table for capacitor selection (refer Table above) 
when the kW load, uncorrected power factor and the desired 
power factor are known; as shown in examples above.

ii) To calculate the reactive power (kVAR) in the system 
 requires re-arranging the formula kVA2 = kW2 + kVA2 and  
 solving for kVAR.

Example 4:
The measurement at the main distribution board of a manufac-
turing facility measures 1 000 kVA and 800 kW. Determine the 
system kVAR and power factor of the facility. Also determine 
the kVAR required for achieving a power factor of 0.95 while 
providing the same power load of 800 kW.

Solution
Measured kVA = 1 000
Measured kW = 800

i) The system kVAR and power factor of the facility

kVAR = √(kVA2 - kW2 = √1 0002 - 8002 = 600 kVAR

P.F. =
  kW    

=
    800   

= 0.8 or 80% P.F.
  kVA    1 000             

- System kVAR after correction

kVAR = √(kVA2 - kW2 = √ 8432 - 8002 = 265 kVAR

kVA. =
 kW    

=
    800   

= 843 kVA
    P.F.        0.95             

Example 2:
What kVAR compensation is required to correct an existing 
power factor of 62% to 95% for a three phase induction motor 
operating at 500V and 62A:

Where
I = full load current in amps
E = voltage of motor/equipment
P.F. = present power factor as a decimal (80% = 0.80)
H.P. = rated horsepower of motor/equipment
eff. = rated efficiency of motor as a decimal (83% = 0.83)

NOTE: If the desired power factor is not provided; 95% is a 
good economic power factor for calculation purposes

Solution
i) Actual power: 
 kW = 500 x 62 x 0.62 x 1.732/1 000 = ~33 kW

ii)  The leading reactive power kVAR necessary to raise the   
 power factor to 95% is calculated by multiplying 33kW with  
 the factor found from the correction Table for capacitor 
 selection (refer above), which would be 0.937.
 33kW x 0.937 = 30.92 kVAR
 Use 30 kVAR Power Factor Correction kVAR 

  = kVAR (uncorrected) – kVAR (corrected)
  = 600 – 265 = 335 kVAR

Example 3:
An energy audit for a facility provides the following measure-
ments at the load side of the transformer; 480V, 1 200A and 
800kW operating load.
i.   Calculate the power factor, and,
ii.  Calculate the reactive power (kVAR) in the system

Solution
i)  To calculate the power factor, first calculate the KVA in 
  the system.



Example 5:
Billing based on kW demand charges
An industrial plant has a demand of 1 000 kW and operates 
at 80% power factor. The electricity utility supplying power to 
this facility requires a minimum power factor of 85% and levies 
a kW demand charge (penalty) of R80.00 in the electricity bill. 
Determine the savings possible by improving the power factor 
to the minimum required target of 0.85 along with the payback 
period when investing on power factor correction.

Solution
i) The monthly kW billing amount is determined with the ratio 
 of the target power factor to the existing power factor, times 
 kW demand.
 kW billing on power factor is 0.80.
 The monthly kW billing: 1 000kW x 0.85 target P.F. / 0.80 
 existing P.F. = 1 062 kW
 Total demand charge @ R80.00 = 1 062kW x R80.00 
 =  R84 960
ii) kVAR required to increase the power factor from 0.8 to 0.85
  The multiplying factor = 0.13 (from the capacitor estimation  
  Table above)
  Therefore kVAR required = 0.13 x 1 000 = 130 kVAR

iii) Power factor correction investment
  Cost of 130 kVAR power factor correction (on a 480 volt  
  system, installed power factor cost is assumed to 
  be R150 per kVAR)
  130 kVAR x R150.00 = R1 950

iv) The kW billing on the new power factor of 0.85
  The monthly kW billing: 1 000kW x 0.85 target P.F. / 0.85   
	 	 modified	P.F.	=	1 000 kW
  Modified	demand	charge	@	R80.00	
  = 1 000kW x R80.00 = R80 000

v) The payback period
  Monthly savings on demand charge 
  = R84 960 - R80 000 = R4 960
  Investment on power factor correction = R1 950
  Simple payback = cost/ savings = R1 950 / R4 960 
  = approx 3.9 months. 
  (NOTE: The savings will continue thereafter)

Example 6:
Billing based on KVA demand charges
An industrial plant is operating at 400 kW and maximum de-
mand of 520 kVA. The facility has electricity contract based kVA 
demand charges, which will reduce as the power factor is im-
proved. The demand charges rate is fixed @ R30.00 per month 
per kVA.

Determine the savings possible by improving the power factor 
along with the payback period of the investment in power fac-
tor correction.

Solution
The kVA demand can be reduced if the power factor is raised. 
Usually, 95% is a good economic power factor when the de-
mand charges are based on kVA charges.

i)   The present power factor = kW / kVA = 400 / 520 = 77%

ii)  Present demand charge = 520 x R30 = R15 600

iii)  Assume the target new power factor to be 95%. This would 
   reduce the present 520 kVA demand down to 421 kVA.   
   The calculation as follows:
   Reduced kVA = kW	/	modified	power	factor	=	400	/	0.95	
   = 421 kVA

iv)  Modified demand charge = 421 x R30 = R12 630

v)  Likely Savings = R15 600 - R12 630 = R2 970

vi)  The kVAR required to increase the power factor from   
   0.77 to 0.95
   The multiplying factor = 0.5 (from the capacitor estimation  
   Table above)
   Therefore kVAR required = 0.5 x 400 = 200 kVAR

vii) The power factor correction investment
   Cost of 200 kVAR power factor correction (on a 480 volt  
   system, installed power factor correction cost is assumed  
   to be R150 per kVAR)
   200 kVAR x R150.00 = R30 000

viii) The payback period
   Monthly savings on demand charge = R2 970
   Investment on power factor correction = R30 000
   Simple payback = cost/ savings = R30 000 / R2 970 
   = approx 10 months. 

(NOTE: The savings will continue thereafter).

In addition, by installing the 200 kVAR power factor correction 
an additional 20% capacity is immediately available for new 
electrical loads without installing any new transformers, power 
lines or distribution equipment. This is important because in crit-
ical times the new transformers and power lines may be difficult 
to get in time, and their costs, in most cases, would exceed the 
R30 000 spent for power factor correction.



1 200 kVAR =
1 350 kW   

= 750 kVAR x 1
     3                 System Capacity vs Power Facor
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   800 kW + 20% = 960 kW
 The corrected system will now be capable of supporting 
 960 kW loads.
 Hence, the system capacity has been increased by 
 160 kW (20%).

20%

Example 7:
Billing based on kW and KVAR demand charges
A hotel complex with majority of HVAC and lighting loads has 
a contract with power factor which includes an energy charge 
for kWh, a demand charge based on kW and another demand 
charge based on kVAR. The kVAR charge is R15 per month for 
each kVAR demand in excess of 1/3 (33.3%) of the kW demand. 
The operating electrical characteristics involved are 1 800 kVA, 
1 350 kW and 1 200 kVAR. Calculate the possible savings on 
reducing the kVAR demand charges with the correction of the 
power factor along with the simple payback.

Solution:
i) The excess kVAR demand can be eliminated by correcting   
 the  power factor. kVAR demand in excess of 1/3 (33.3%) of  
 the kW demand can be calculated as:
 

 This implies that a 750 kVAR supply, if corrected with Power  
 Factor correction, can do away with the extra demand charges.

ii) Estimated annual electricity bill savings
  R15 demand charge x 750 kVAR x12 months = R11 250   
  savings per annum 

iii) Estimated cost of 750 kVAR power factor correction
  The assumed cost of 480 volt, 50 Hz power factor correction 
  is R150 per kVAR. 
  Therefore, the total investment for 750 kVAR power factor  
  correction will be 
  750 kVAR x R150 = R112 500

iv) The simple payback period
  R11 250 annual savings against the R112 500 power factor  
  correction investment:
  The power factor correction will pay for itself in 10 months, 
  and NOTE: will continue to produce the savings thereafter.

  Example 8:
Increased system capacity
A facility electrical system is operating with the following electri-
cal characteristics: 
kVA = 1 000 kW = 800 kVAR = 600 P.F. = 0.80. 
Calculate how much spare capacity can be released by improv-
ing the power factor to 0.95.

Solution
The uncorrected system can only support 800 kW loads at a 
power factor of 0.80.
The graph below (taken from the Technical Overview brochure) 
shows the empirical relationship of the system capacity against 
the existing factor. From the graph it is found that improving the 
power factor from 0.8 to 0.95 will release approximately 20% 
system capacity.



% Reduction of Power Losses 

= 100 - 100
    Original Power Factor

      Improved Power Factor

or = 100 - 100
= 100 - 100 (0.64)
= 36%

The original facility system losses of 5% are then reduced by 
5 x 36 /100 = 1.8%
As a result the monthly kWh bill is reduced by 1.8%, in 
additional savings.

An MS Excel spreadsheet to automatically calculate most 
of the above is available 
http://www.eskom.co.za/sites/eas/Energy%20solutions/Pages/Power-
Factor.aspx.
It is important to note that these calculations is indicative 
and the design needs to be done by a professional.

Conclusions

Improving power factor is a proven way of 
increasing the efficient use of electricity by utilities 
and consumers. 

Economic benefits for consumers may include reduced ener-
gy costs, lower cable and transformer losses, improved voltage 
conditions and benefits due to released and additional system 
capacities.

Power Factor Correction is an effective, proven, and efficient 
means of improving electricity consumption.
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Example 9:
Lowering losses
Assume the facility system wide losses = 5%, with a current 
power factor of 0.80. Estimate the reduction in losses when the 
power factor correction is made at the load points to unity. 
(Unity = 1.0 = 100%).

Solution:
Improving the power factor at the load points will relieve the 
system of transmitting reactive current. Less current will result 
in lower losses in the facility distribution system since losses are 
proportional to the square of the current (12R). Therefore, fewer 
kilowatt-hours will need to be purchased from the electricity 
utility.

An estimate of the reduction in electricity losses can be made 
using the following equation:
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Eskom advisory 
services

Eskom's role is to aid the 
client with basic infor-
mation in the decision-making process. 
Thereafter the Eskom Advisor will fulfil 
the role of energy advisor as part of the 
team that the business selects.

Optimise your energy use 
Eskom’s Energy Advisors, in regions 
across South Africa, offer advice to busi-
ness customers on how to optimise 
their energy use by: 
• Understanding their energy needs
• Understanding their electrical systems  
 (including quality of supply) and 
 processes
• Investigating the latest technology 
 and  process developments, including 
 electric infrared heating and drying  
 systems
• Analysing how to reduce energy 
 investment costs
• Optimising energy use patterns in   
 order to grow businesses and 
 industries

Call 08600 37566, get a reference number, 
leave your name and number and request 
that your Energy Advisor contacts you.  Alter-
natively, e-mail your advisor at 
advisoryservice@eskom.co.za.

Disclaimer

The reader’s attention is drawn 
to this notice which contains a limitation of 
risk or liability of Eskom, and constitutes an 
assumption of risk or liability by the reader 
or an indemnification of Eskom.  The read-
er acknowledges that he/she has made him/
herself aware of this disclaimer and is aware 
that the disclaimer limits the liability of Es-
kom. 

The aim of this document is solely to pro-
vide the reader with some basic informa-
tion on power factor sizing.  While Eskom 
has made every attempt to ensure that the 
information contained in this brochure has 
been obtained from reliable sources, Eskom 
does not accept any responsibility or liabil-
ity for the accuracy, content, completeness, 
legality, or reliability of the information con-
tained in this brochure, and the readers or 
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users are required to also make their 
own independent enquiry, before rely-
ing upon same. 

All information in this brochure is pro-
vided "as is" with no warranties, prom-
ises and/or representations of any kind, 
expressed or implied, as to the nature, 
standard, accuracy or otherwise of the 
information provided in this brochure 
nor to the suitability or otherwise of 
the information for a purpose. Comput-
er generated images; walkthroughs and 
render images used in this brochure are 
the artist's impression and are indicative 
of the actual designs. The imagery used 
in the brochure may not represent ac-
tuals.  

Eskom shall not be liable to the read-
er for any loss or damage of whatever 
nature (direct, indirect, consequential, 
or other) incurred by the reader as a 
result of any action or omission related 
to the information provided in this bro-
chure. The reader shall indemnify Eskom 
against any claim or action instituted by 
a third party as a consequence of the 
actions taken in relation to the contents 
of the brochure, emanating from any 
area of law.
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