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ABSTRACT

Power factor is a measure of how efficiently, electrical power is consumed. This paper presents the
development of a power factor model for power system loads to establish the effect of power factor correction
(PFC) on the electrical distribution network of Lever Brothers Nigeria PLC. Measured data were taken on the
distribution network before and after the installation of the PFC capacitors. The data which includes power
factors, active power, reactive power, apparent power and current were used as input parameters for the
development of a polynomial PF model of order 3.The result of the model reveals a power factor improvement
from 0.5671 to 0.9693 after the installation of the PFC capacitors.

Analysis of the model can be used to reduce the cost of electric power production and increases the
capacity and efficiency of the electrical power systems.
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l. INTRODUCTION
Power factor (PF) is a measure of how effectively electrical power is being used by a system. A load on an
electrical distribution system can be classified as reactive, inductive and capacitive.
The inductive load is the most common of these loads in most industries, shops and offices. Examples of these
loads are transformers and florescent lights. An inductive load uses energy in order to do its work and also requires a certain
amount of energy supply to function properly(Hua et al 2009, Zane and Maksimovic 1999).

An inductive load requires two types of power in order to operate active power (measured in KW)
which actually perform the work and the reactive power (measured in KVA) which sustains the electromagnetic
field and does no actual work(Fu and Chen 2012, Wall and Jackson 2003, Buso et al 2006).

The total power consumed in operating the system or the combination of active power and reactive
power is called the apparent power(Prodic et al 2003, Fang et al 2009..

The relationship between the active power and apparent power is the power factor(Z hang et al
2005, Zhou and Jovanovic 2011, Zhou et al 2001).
Power Factor Correction (PFC)
The aftermath of a poor power factor is a substantial increase in cost, hence the need for correction

A system with a low power factor requires the supply company to feed more power into the distribution
system, so that the customer can operate the electrical equipment and appliances(Osifchin 2011, Lee et al 2011,
Peterchev and Sanders 2013).

A low power factor on a system can result in the following(Merfert 2007, Xiao et al 2009, Patella et al
2009, Maksimovic and Erickson 2009).

- Excessive heat being generated which can damage the life of the equipment
- The potentials of fires in extreme situations

- Low voltage conditions which result in

- sluggish motor operation

- dim lights (and the resulting quality and safety problems)
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The use of power factor correction equipment has a number of advantages. These are:

The equipment can be installed in the form of a capacitor bank as close as possible to the meter power factor.
This reduces the total current supplied by the electricity utility to the premises.

- It can be used to increase the power carrying capacity cray cables

- It forms an economical solution to the problem of filtering out the spikes that causes equipment failure.

- Installing filter reactor equipment in series with the capacitor bank increases the continuity and
integrity of the supply which result in fewer fluctuation and reduces equipment damage.

Benefits of Active Power Factor Correction (PFC).

The following benefits are derivable from PFC (Malik 2009, Prodic et al 2012, Maksimovic and
Erickson 2009): Reduces Root Mean Square (RMS) input current and ,. facilitates power-supply hold-up. The
active PFC circuit maintains a fixed intermediate direct current (DC) bus voltage that is independent of input
voltage, so the energy stored in the system does not decrease as the input voltage decreases. This allows the use
of smaller and less expensive bulk capacitors

- Enables universal input voltage capabilities by providing a constant bus voltage for the entire voltage range.

- Improves efficiency of downstream converters. PFC reduces the dynamic voltage range applied to the downstream
DC/DC converters. As a result, voltage rating of rectifiers can be reduced, resulting in lower forward drops; and
operating duty-cycle/transformers turns ratios can be increased, resulting in lower current in switches and winding.

- Increases the efficiency of the power distribution system. Lower RMS current reduces distribution wiring losses.

- Reduces the VA rating of standby power generators.

- Reduces stresses on neutral conductors. Reducing harmonics eliminates the risk of triplen harmonics ( the third
and multiples thereof) that can add to dangerous levels in the neutral conductor of Y-connected 3-phase system.

The power factor of the power system is constantly changing due to variations in the size and number
of motors being used at one time . This makes it difficult to balance the inductive and capacitive loads
continuously(Prodic et al 2007). The application of proper PFC methods compensates the effect of reactive
loads of the system and hence improves the overall efficiency of the system(De-Gusseme and Melkebeek 2002,
Rajagopalan et al2005, Sivakumar et al 1995, Zumel et al 2001)..

Il.  MATERIALS AND METHOD.

2.1 Model Development.

Levers Brother Nigeria PLC was selected for the four case studies. The company is supplied with
electricity from the distribution utility through a transformer feeding the Main Low Tension Board (MLTB).
The maximum demand for this company is 1850 kVVA at a power factor of 0.80. A 500 kVVA capacitor bank was
installed at the MLTB bus in the company to improve the power factor. Measurements of power factor, active
power, reactive power, apparent power and current were taken during 12 working hours (from 06:00 to 18:00
hours) in a day time before and after operating the capacitor bank that was installed at the MLTB, These were
used as input parameters for the development of the model.

In the development of this model, three power system loads- resistive load, inductive load and resistive
loads were considered. The additional load present in the power system is used for power factor correction. Due
to variation in the size and the number of the motor being at one time, the power factor of the system is
constantly changing. This makes it difficult to balance the inductive and capacitive loads continuously. In this
work, a field capacitor bank is connected to the incoming transformer for appropriate sizing..

The input parameters for the model are shown in Table 1.

Table 1: Model input parameters.

Time 24
True power 253
Apparent power 302
Power factor 0.9660
Reactive power 240
Current 531
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Discussion of results.

Observation shows that before the power factor correction, the true power fluctuates as the time
increases as displayed in Figure 1. At 06:00hours, the power was 178 Kw while at 20:00hours, it has fluctuated
to 298 Kw.

Figure 2 shows the variation of the apparent power with time. The apparent power increases gradually
from 234 kVA to 433 kVA within the first 06:00hours while it declines gradually to 302 kVA within the next
18:00hours.

The linear relationship between the power factor and the time before the power factor correction is
displayed in Figure 3. The power factor increases gradually as the time progresses. At the end of the time, the
power factor of the system loads has increased drastically to 0.8377.

Figure 4 illustrates the correlation between the reactive power and time. The reactive power fluctuates
rapidly as the time progresses, while Figure 5 shows how the current of the system loads increases in the first
06:00hours as the time progresses. The current drops to 529A at 12:00hours and remains constant until after
14:00hours before it starts fluctuating as the time progresses before the power factor correction.

Figure 6 shows that after the power factor correction, the active power increases with time. The
relationship between the apparent power and the time is displayed in Figure 7. The apparent power increases
from 190 kVA at 06:00hours to 339 kVA in 10:00hours and drops gradually to 309 kVA after 12:00hours and
thereafter fluctuates as the time progresses after the installation of the power factor corrector..

The power factor decreases from 0.9388 at 06:00hours to 0.9317 at 24:00hours while it increases
gradually again to 0.9693 after the next 04:00hours as displayed in Figure 8. Figure 9 shows that after the power
factor has been corrected, the reactive power fluctuates throughout as the time progresses while the current
equally fluctuates with increase in time even though it becomes static after the 16:00hours for the next
02:00hours at 391A.

Figure 10 shows the variation of the system load currents with time after the power factor correction.
From the relationship between the power factor of the system loads and time after the PFC is used, a polynomial
power factor model of order 3 is developed for power system loads. The order of the polynomial increases as the
level of PF corrective devices increases.

Before PFC

280 r~

275 /

P (kw)

265 /
255 '\\/

5 10 15 20 25
Time (Hours)

Figure 1: Variation of True power with time before power factor correction.
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Figure 2: Variation of the Apparent power with time before power factor correction.
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Figure 3: Variation of the Power factor with time before power factor correction.
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Figure 4: Variation of Reactive power with time before power factor correction.
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Figure 5:Variation of the system load currents with time before power factor correction.
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Figure 6: Variation of True power with time after power factor correction.
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Figure 7: Variation of the Apparent power with time after power factor correction.
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Figure 8: Variation of Power factor with time after power factor correction.
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Figure 9: Variation of Reactive Power with time after power factor correction.
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Figure 10: Variation of the system load currents with time after power factor correction.

CONCLUSION
A power factor model has been developed for power system loads, It is a polynomial of order3. A field capacitor
bank was connected to the incoming transformer for appropriate sizing. Relevant mathematical relations for the various
loads were modelled using MATLAB to generate random variables as the input parameters before and after the power factor
correction. The results of the model can be used for power factor improvement of the system loads.
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