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ABSTRACT

The consistent power failure that has become a chronic social malady which has put business activities in jeopardy is overcome by
introducing improving power system compensation using passive compensator and facts controller. To perfectly achieve this, it is done
in this manner, characterizing and establishing the causes of power failure in power system compensation, designing a conventional
SIMULINK model for power system compensation, designing a SIMULINK model for passive compensator, designing a SIMULINK
model for and facts controller, developing an algorithm that will implement the process, designing a SIMULINK model for improving
power system compensation using passive compensator and facts controller and validating and justifying the percentage improvement
in the reduction of causes of power failure in power system compensation with and without passive compensator and facts controller.
The results obtained are the conventional equipment power failure in power system compensation is 30% that cause persistent power
failure in the country. On the other hand, when Passive compensator and facts controller is incorporated in the system, it automatically
reduced the percentage of power failure to 27.39%.The percentage improvement in the reduction of power failure in power system
compensation that boost consistent power supply in the system is 2.61%, The conventional improper design or installation power
failure in power system compensation is 15%. Meanwhile, when Passive compensator and facts controller is integrated in the system, it
reduced the percentage of power failure to 13.69%. However, the percentage improvement in the reduction of power failure that has
arisen as a result of improper design or installation when Passive compensator and facts controller is incorporated in the system 1.31%,
The conventional external factors power failure in power system compensation is 35%.while when Passive compensator and facts
controller is incorporated in the system, it became 31.95% thereby enhancing constant power supply in the system and the conventional
Control system issues power failure in power system compensation is 7%. On the other hand, when Passive compensator and facts
controller is integrated in the system, it become $6.39%. Finally, percentage improvement in the reduction of power failure that
triggered consistent power supply in the system is 0.61%.
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1.0 INTRODUCTION

IntroductionThisshouldbeimprovedthroughacombinationofstrate
giesonimprovingPowerSystemperformance. The society in this
day and age cannot operate without smooth and effective supply
of electricity. Nevertheless, power systems imply a
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group of challenges such as the change in voltage, reactive
imbalance of power, and over load within transmission lines.
Such issues can result in power loss, breaking of equipment’s
and wastage of power. The paper explains how two most
outstanding mitigation measures were used to incorporate
passive compensators and FACTS (Flexible AC Transmission
Systems) controllers. A successful integration of these
technologies will enable us to provide a monumental array of
benefits to the payment of power system:
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Better stability of the voltage: FACTS
controllers possess the capability as well
as passive compensator to inject or receive
reactive power and to stabilize the voltage
values and prevent dips which would
cause interference to the operations.

. Reduced loss of transmission:
Reactive control of power allows reducing
transmission loss of power that leads into
the augmentation and effective supply of
energy. ¢ Less transmission capacity: The
two types of compensators can help
deliver higher capacity to existing
transmission lines without incurring the
expensive cost of improving infrastructure,
prior to them being required upgrades.

. Improved quality of power input:
The voltage variation would be lower and
the harmonic contamination that would
add to the power quality increases to
consumers and sensitive circuit breakers
would be decreased.

The author will also discuss both the
dedicated features and the operation of
both passive compensators (capacitors,
reactors, and shunt filters) and FACTS
controllers (SVCs, STATCOMSs, and
TCSCs) in the paper. We will be talking
about their advantages and flaws, and we
are going to concentrate on the moments
when they are mutually used together and
to great advantage to one another in the
maximum possible ways. The paper will
also provide
criticalanalysisofrealworldcasestudieswhi
chwillillustratehowapplicationofboththepa
ssivecompensatorsand the FACTS
controllers have enhanced the
performance of power systems in vast
majority of the cases. The paper will, after
a careful examination and conducted
practical cases, have certain valuable
solutions in the field of power system
engineers and operators to enlist the
effective application of both passive
compensation technique and FACTS-
based one to make the power grid even
safer and more efficient with the most
reliable results.
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2.0 METHODOLOGY
To characterize and establish the causes of power failure in power

systemcompensation
Tablelcharacterizedandestablishedcausesofpowerfailureinpowers
ystemcompensation
S/N| Causes of power failure in power | Percentage of
system compensation causes of power
failure in power
system
compensation (%)
1 Equipment failure 30
2 | Improper design or installation 15
3 External factors 35
4 | Power electronic device failure 8
5 Control system issues 7
6 Synchronization problems 5

CAUSESOFPOWERFAILUREINPOWERSY STEMCOMPANS

ETOR

Power failures in power system compensation
can occur due to variety of reasons, arising from
both passive compensators and FACTS controllers.
Here's a breakdown of the potential causes:

Passive Compensators:

Equipment Failure:
Capacitordegradationandinternalfaultsleadingtoexplosio
nsorfires.
Reactoroverheatingduetoexcessivecurrentormalfunction
ingcoolingsystems.

Failure of the switch and the breaker causing an open or
closed circuit, which interrupts the flow of power.
Wrong Design or Installation:

Under sizing compensation equipment causing over
loading and breaking down.

Resonance of passive and power system, which results
in voltage and current distortion.
SafetyHazardsandleakagecurrentsduetoimproperground
ingorinsulation.

External Factors:

Lightning discharging equipment or producing
temporary over voltages.
Weatherconditionssuchasexcessivetemperaturesordamp
nessthatincreasesequipmentwearandtear.
oPhysiologicalvandalismorsabotagewhichresultsinphysi
caldamagetothecomponents.

FACTS Controllers:

Situation: A failure occurs in a Power electronic device.
Semiconductor switches (Thyristor, IGBT,
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etc) that short to ground, or open, as a

result of a manufacturing defect,

overcurrent, or due to aging.
oMalfunctionsofthecontrolandmonitoringsystemthatres
ultsinfaultyinstructionsorcommunicationbreakdown.
Control System Issues:
Failureofthecontrolsystemtooperatewithintendedstabilit
ybecauseofbugsinsoftwareorhardwarefailures.
Pooradjustmentofcontrolparametersthatleadtoundesirabl
esystembehavior.

Synchronization Problems:

Loss of synchronization between the

FACTS controller and the power gystem,

which leads to temporary disturbances and

possible cascading failures.
Theproblemswithcommunicationnetworksthatinterruptt
hetransferofdataandcontrolsignals.

Additional Considerations:

Human error: Mal-adaptation, operational errors or

existing power systems may result in

some unforeseen interactjons and

instabilities.

Cyber security risks: Control 1 systems or

communication networks can be attacked

by malicious users which can undermine

operation and may even cause power

outages. (e

Preventing Power Failures:

Maintenance and frequent in section of equipment is

essential.

It is important to design, install and commission no

things properly.

State-of-the-

artmomtormgandprotectlonmechamsmsareabletodetecta

ndaddresspossibleproblems.

The security of the cyber systems is essential to secure

control systems and communication. .

Employ1ngredundantcomponentsandrobustcontrolstrate

giescanenhancesystemresilience.
Byunderstandingthepotentialcausesofpowerfailu’

resinpowersystemcompensationandimplementing

appropriate mitigation strategies, system operators

can improve reliability and ensure a stable and

efficient

To design a conventional SIMULINK model for
power system compensation

design flaws may also lead to power outages. 5
Integration problems: The problem when
FACTS controllers are not integrated with /:E] y el

ﬂzgj Tu <B: T "y PHASFA
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Figldesignedconventional SIMULINKmodelforpowersystemco
mpensation The results obtained are as detailed in figures 5
through 8.

To design a SIMULINK model for passive
compensator

Continuous

. [
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Fig2designed SIMULINKmodelforpassivecompensat
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owersystemcompensationandintegrate 1in2.
Design a SIMULINK model for passive
compensator
Design a SIMULINK model for facts
controller.
Integrate3and4
Integrate5in2.
Dothecausesofpowerfailurereduceinpowersy
stemcompensationwhen6isapplied?
IfNOgoto6.
IfYESgoto10.
Improved power system compensation.

10. Stop.

11. End

TodesignaSIMULINKmodelforimprovingpowe

rsystemcompensationusingpassivecompensatorandf
acts controller
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Fig 4 designed SIMULINK model for
improving power system compensation
using passive compensator and facts
controller

TheresultsobtainedareasshowninfiguresSthrough8
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Tovalidateandjustifythepercentageimprovement
inthereductionofcausesofpowerfailureinpowersyste
m compensation with and without passive
compensator and facts controller

Tofindpercentagereductioninequipment
powerfailurewhenpassivecompensatorandf
actscontrollerare integrated in the system

Conventional percentage of equipment power
failure=30%

Passive compensator and facts controller percentage
of equipment power failure=27.39%

%reductioninequipmentpowerfailurewhenpassiveco
mpensatorandfactscontrollerareintegratedinthesystem

=30%- 27.39%

%reductioninequipmentpowerfailurewhenpassiveco
mpensatorandfactscontrollerareintegratedinthesystem

=2.61%

To find percentage reduction in
improper design or installation power
failure when passive compensator and
facts controller are integrated in the system

Conventionalpercentageofimproperdesignorinstallati
onpowerfailure=15%

Passive compensator and facts controller percentage
of improper design or installation power failure=13.69%

reductioninimproperdesignorinstallationtpowerfailurew
henpassivecompensatorandfactscontrollerare integrated
in the system =15% - 13.69%

Y%reductioninimproperdesignorinstallationpowe
rfailurewhenpassivecompensatorandfactscontroller
are integrated in the system =1.31%

To find percentage reduction in external factors
power failure when passive compensator and facts
.controller are integrated in the system

Conventional percentage of external factors power
failure=35%

Passive compensator and facts controller percentage
of external factors power failure=31.95%
Y%reductioninimproperdesignorinstallationtpow
erfailurewhenpassivecompensatorandfactscontrolle
rare integrated in the system =35% - 31.95%
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%reductioninimproperdesignorinstallationpowe and facts controller are integrated in the
rfailurewhenpassivecompensatorandfactscontroller system =7% - 6.39%

are integrated in the system =3.05% . .
& Y ’ % reduction in Control system issues

power failure when passive compensator
and facts controller are integrated in the
system =0.61%

To find percentage reduction in Power
electronic device failure power failure
when passive compensator and facts

controller are integrated in the system
3.0 Results and discussion

ConventionalpercentageofPowerelectronicdevicefail Table 2 comparison of Conventional

urepowerfailure=8% and Passive compensator and facts
controller percentage of equipment power

Passive compensator and facts controller percentage ! ! !
failure in power system compensation

of Power electronic device failure power failure=7.303%

%reductioninPowerelectronicdevicefailurepowe Time(s) Conventional percentage | Passive
. . of equipment power | compensator
rfailurewhenpassivecompensatorandfactscontroller . .
. din th term =8% - 7 303% failure in power system | and facts
are mtegrated 1n the system 0-/. () compensation (%) controller
%reductioninPowerelectronicdevicefailurepowe percentage of
rfailurewhenpassivecompensatorandfactscontroller ggl\:&ire)fl?gitlure
are integrated in the system =0.697% in power
. system
To find percentage reduction in Power compensation
electronic device failure power failure (%)
when passive compensator and facts 1 30 27.39
controller are integrated in the system 2 30 27.39
) ) o 3 30 27.39
ConventionalpercentageofPowerelectronicdevicefail 4 30 2739
urepowerfailure:8% 10 30 27.39

Passive compensator and facts controller percentage
of Power electronic device failure power failure=7.303% I—.—.T'__l r

%reductioninPowerelectronicdevicefailurepowe
rfailurewhenpassivecompensatorandfactscontroller
are integrated in the system =8% - 7.303%

30

%reductioninPowerelectronicdevicefailurepowe
rfailurewhenpassivecompensatorandfactscontroller : i ;
are integrated in the system =0.697% | 1 1 . i i i i i

Fig 5 comparison of Conventional and

TofindpercentagereductioninControlsystemissu Passive compensator and facts controller

esfailurepowerfailurewhenpassivecompensatorandf percentage of equipment power failure in
power system compensation

acts controller are integrated in the system
In fig 5 the conventional equipment power failure in power
system compensation is 30%that cause persistent power failure
in the country. On the other hand, when Passive compensator

ConventionalpercentageofControlsystemissuesfailur
epowerfailure=7%

Passive compensator and facts controller percentage and facts controller is incorporated in the system, it

of Control system issues failure power failure=6.39% automatically reduced the percentage of power failure to

27.39%. The percentage improvement in the reduction of power

% reduction in Control system issues failure in power system compensation that boost consistent
power failure when passive compensator power supply in the system is2.61%.
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Time(s) Conventional Passive
percentage of | compensator and
improper design or | facts  controller
installation power | percentage of
failure in power | improper design r 0 0
system installation power
compensation(%o) failure
In power system
compensation (%)
1 15 13.69
2 15 13.69
3 15 13.69
4 15 13.69
10 15 13.69

-I- Conventionalpercentageofexteraliactorspowerfaiureinpowersystemcompensation(s)
+ Passivecompensatorandfactscontrollerpercentageofextemafiactorspowerfaiureinpowersystemcompensation( o)
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7
Fig 6 comparison of Conventional and Passive compensator
and facts controller percentage of improper design or
installation power failure in power system compensation

The conventional improper design or installation power
failure in power system compensation is 15%. Meanwhile,
when Passive compensator and facts controller is integrated
in the system, It reduced the percentage of power failure to
13.69%. However, the percentage improvement in the
reduction of power failure that has arisen as a result of
improper design or installation when Passive compensator
and facts controller is incorporated in the system 1.31%.

Table 4 comparison of Conventional and Passive
compensator and facts controller percentage of external
factors power failure in power system compensation

Time(s) | Conventional Passive
percentage of external | compens
factors power failure in | ator and
power system | facts
compensation (%) controller

= percentag

9057 e of

fC external

g factors

= power
failure in
power
system
compens
ation (%)

1 35 31.95

2 35 31.95

3 35 31.95

4 35 31.95

10 35 31.95

Fig 7 comparison of Conventional and Passive compensator
and facts controller percentage of external factors power
failure in power system compensation

The conventional external factors power failure in power
system compensation is 35%.while when Passive
compensator and facts controller is incorporated in the
system, it became 31.95% thereby enhancing constant
power supply in the system.

Table 5 comparison of Conventional and Passive
compensator and facts controller percentage of Control
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system issues power failure in power system
compensation
Time(s) | Conventional percentage | Passive compensator
of Control system issues | and facts controller
power failure in power | percentage
system compensation | Control
(%) issues power failure
in power
System compensation
(%)
1 7 6.39
2 7 6.39
3 7 6.39
4 7 6.39
10 7 6.39
7
[ & & &
6
6
6
E 3 ConventionalpercentageofControlsystemissuespowerfailureinpowersystemcompensati
6 on(%)
6
6.
1 2 3 4
Fig 8 comparison of Conventional and Passive

compensator and facts controller percentage of Control
system issues power failure in power system compensation

The conventional Control system issues power failure in
power system compensation is 7%. On the other hand,
when Passive compensator and facts controller is integrated
in the system, it become s6.39%.Finally, percentage
improvement in the reduction of power failure that
triggered consistent power supply in the system is 0.61%.

4.0 CONCLUSION

The persistent power failure in some of the states and
Nigeria in general that has crippled business activities is
surmounted by introducing improving power system
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compensation using passive compensator and facts
controller. To perfectly achieve this, it is done in this
manner, characterizing and establishing the causes of power
failure in power system compensation, designing a
conventional SIMULINK model for power system
compensation, designing a SIMULINK model for passive
compensator ,designing a SIMULINK model for and facts
controller, developing an algorithm that will implement the
process, designing a SIMULINK model for improving
power system compensation using passive compensator and
facts controller and validating and justifying the percentage
improvement in the reduction of causes of power failure in
power system compensation with and without passive
compensator and facts controller. The results obtained are
the conventional equipment power failure in power system
compensation is 30% that cause persistent power failure in
the country. On the other hand, when Passive compensator
and facts controller is incorporated in the system, it
automatically reduced the percentage of power failure to
27.39%.The percentage improvement in the reduction of
power failure in power system compensation that boost
consistent power supply in the system is 2.61%, The
conventional improper design or installation power failure
in power system compensation is 15%. Meanwhile, when
Passive compensator and facts controller is integrated in the
system, it reduced the percentage of power failure to
13.69%. However, the percentage improvement in the
reduction of power failure that has arisen as a result of
improper design or installation when Passive compensator
and facts controller is incorporated in the system 1.31%,
The conventional external factors
powerfailureinpowersystemcompensationis35%.whilewhen
Passivecompensatorandfactscontrollerisincorporated in the
system, it became 31.95% thereby enhancing constant
power supply in the system and the conventional Control
system issues power failure in power system compensation
is 7%. On the other hand, when Passive compensator and
facts controller is integrated in the system, it become
$6.39%. Finally, percentage improvement in the reduction
of power failure that triggered consistent power supply in
the system is 0.61%.
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