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Abstract— In this article, we proceed to the numerical and selective method of reactive energy compensation of feeders of the Limete substation
that have a bad power factor, that is to say a cosine lower than 0.8. We notice that some feeders of the Limete substation have cosine values equal
to 0.5. In this article, we propose to bring all feeders to an identical power factor of 0.8; is an important solution in the stable operation of the
industrial power network. This will improve the quality of electrical power supplied by the Limete substation, in terms of supply voltage of the

industrial area.
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l. INTRODUCTION

Distributors and users of electrical energy have always been
confronted with a number of difficulties inherent to service
continuity, power transmission efficiency, voltage amplitude
variations, as well as other phenomena such as rapid voltage
fluctuations and voltage imbalances.

It is certain that most of the electrical receivers, in the
industry, the tertiary sector and even in the domestic sector, are
distorting loads (non-linear). They absorb non-sinusoidal
currents and these, given the impedances of the circuits, distort
the voltage sine wave. However, we are witnessing a regular
increase, on the part of the users, of the harmonic and unbalance
rates of the currents, as well as an important consumption of the
reactive power [1-3].

These elements allow to improve the stability of the system,
to control the power transits, to manage the reactive power
exchanges in real time and consequently an efficient operation
of the networks by continuous and fast action on the various
parameters of the network (phase shift, voltage, impedance).
The disturbances caused by the growth of reactive power
demand have an impact on the stability of an electrical network.
The consequences can be very serious, even leading to the
collapse of the network [4-10].

A good power factor makes it possible to optimize an
electrical installation and brings advantages on the suppression
of the invoicing of reactive energy, the reduction of the
subscribed power, the limitation of the losses of active energy
in cables taking into account the reduction of the intensity
conveyed in the installation, the improvement the level of
voltage at the end of line, the contribution of additional
available power at the level of the power transformers if the
compensation is carried out with the secondary [10-12]. A good
power factor makes it possible to optimize an electrical
installation and brings advantages on the suppression of the
invoicing of reactive energy, the reduction of the subscribed
power, the limitation of the losses of active energy in cables
taking into account the reduction of the intensity conveyed in
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the installation, the improvement the level of voltage at the end
of line, the contribution of additional available power at the
level of the power transformers if the compensation is carried
out with the secondary. The receivers consuming the most
reactive energy are, low load motors, welding machines, arc
and induction furnaces and power rectifiers. In the case of no
harmonics coso is equal to the power factor.

In this article, we propose to bring all feeders to an identical
power factor of 0.8; is an important solution in the stable
operation of the industrial power network. This will improve
the quality of electrical power supplied by the Limete
substation, in terms of supply voltage of the industrial area.

Il.  ELECTRICAL PARAMETER EQUATIONS

Alternating current electrical networks provide the apparent
power in (KVA) which corresponds to the power demand.
s =3 Ul =,/P? + (2 €))
This energy can be broken down into two forms of energy
(Figure 1):
Active power in (kW): transformed into mechanical power
(work) and heat (loss).
P=+3Ulcosp (2)
Reactive power in (KVAr): used to create magnetic fields.
Q =V3Ulsing (3)
Reactive power consumers are asynchronous motors,
transformers, inductors (fluorescent tube ballasts) and static
converters (rectifiers).
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Figure 1: Vector composition of active, reactive and apparent powers
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By definition, the power factor, otherwise known as the
cos@ of an electrical device, is equal to the ratio of active power
P(kW) to apparent power S (kVA) and can vary from 0 to 1.
P(kW)

S (kVA) )

Energy metering devices record active and reactive energy
consumption. Electricity suppliers generally include the term
tang on their bill.

FP = cosp =

q(kVAr)  E,.(kVArh)
P (kW)  E,(kWh)

The tane is the quotient between the reactive energy
E,(kVArh) and the active energy E,(kWh) consumed during
the same period.

In contrast to cosg, it is easy to see that the value of tane
must be as small as possible in order to have the minimum
reactive energy consumption. The cos¢ and the tang are linked
by the following relation:

tang = (5)

1
FP =cosp = ——— (6)
1 + (tang)?

The active, reactive, and apparent currents, as well as the
phase shift, are related by the following relations:

Iy = ,’Iaz + 17"2 (7)

I, =1, cosp (8)
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Determination of the reactive power to be compensated
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Figure 2 : Determination of the reactive power to be compensated

In Figure 2, we have presented the variation of the reactive
power as a function of the reactivated power to be eliminated
for different values of Q.

evolution of three reactive power in s/s Limete
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I11.2 Résultat de la compensation des feeders

Figure (2) shows the variation of the reactive power to be
compensated in the network as a function of the active power
of the network. We can see that the reactive power of the
network increases when its active power increases.
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that the reactive current increases as the power increases.

The evolution of the pre- and post-compensation load rates
as a function of the new load rate is presented in Figure 7. We
note that the post-compensation load rate is around 60%
comparable to the pre-compensation rate which varies around
80%.
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determination of the capacity to compensate
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Figure 4 : Determining the capacity of battery compensations

evolution of the compensation capacities of batteries and capacitors (F)
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evolution of charge rate according to the cable current
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Figure 7 : Determination of the new compensation loading rate

IV. CONCLUSION

This article was devoted to the simulation of the selective
compensation of the reactive power at the feeders of the limete
substation. by reducing the power factor by a cosine of 0.8 to
the five feeders to be compensated. We found that for each
feeder, the charge rate dropped by 15% at the level of the
allowable current of the feeders. on the other hand, at the level

of the transformer current, the charge rate drops by 3%.
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