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ABSTRACT: Consistent increase in the demand for
electrical energy often leads to heavy loading of
transmission lines. One of the consequences of this is
that such transmission systems are subjected to
imbalance in the reactive power and hence voltage
instability and reduction in real power of the system.
Conventional methods of enhancing voltage stability
and improving efficiency have proven to be slow and
difficult to control. A new approach, however, is the
use of Flexible AC Transmission System (FACTS)
controllers. This paper applied Unified Power Flow
Controller (UPFC), a member of this class of devices
to Nigeria’s 330kV transmission system using
MATLAB. Obtained results showed an improvement
in the voltage magnitude of bus 9 and bus 13 from
0.9896 and 0.9765 to 1.02 and 1.0199 respectively.
Also, the active power loss was reduced by 2.53%
from 85.177MW to 83.025MW when UPFC was
applied. Incorporation of UPFC improved the
system’s voltage stability and reduced active power
losses. The UPFC could therefore be deployed to
minimize prolonged and frequent voltage instability
in transmission networks and enhance system
efficiency.

I INTRODUCTION

Transmission systems are part of the overall
electrical power supply systems. Transmission system
consists of conductors carried on steel towers linking
generation stations to users through the distribution
system. They deliver bulk power from power stations to
the load centers and large industrial consumers beyond

the economical service range of the regular primary
distribution lines [1]. Like many transmission systems in
the world, Nigeria’s transmission system is characterized
by high technical and non-technical losses, overloading,
voltage instability, radial lines having no redundancy,
results of de-regularization of the electricity market and
obsolete substation equipment [2],[3],[4].

Increase in population leads to increase in
economic activities and hence increase in electrical
energy demand, thereby causing burdens on existing
transmission lines also to increase. This has caused the
loading of the transmission lines beyond their design
limits with consequent reduction in power quality [5][6].

A major consequence of overstretching
transmission lines is voltage instability. Voltage
instability is defined as the inability of a power system to
maintain steady voltages at all buses in the system under
normal operating conditions and after being subjected to
a disturbance. Instability may result in the form of a
progressive fall or rise of voltage of some buses. The
possible outcome of voltage instability is loss of load in
the area where voltages reach unacceptably low values or
a loss of integrity of the power system. Voltage
instability could be due to large disturbance or small
disturbance [7][8][9].

The proximity of a given system to voltage
instability is typically assessed by indices that measure
one or a combination of:

»  Sensitivity of load bus voltage to variations in active
power of the load.
»  Sensitivity of load bus voltage to variations in injected
reactive power at the load bus.
«  Sensitivity of the receiving end voltage to variations in
sending end voltage.

Copyrights © International Journal of Intellectual Advancements and Research in Engineering Computations, www.ijiarec.com



2031

Natarajan S et al,, Inter. J. Int. Adv. & Res. In Engg. Comp., Vol.-06(02) 2018 [2030-2033]

«  Sensitivity of the total reactive power generated by
generators, synchronous condensers, and SVS to
variations in load bus reactive power [10]

Conventional Methods Of Improving Voltage Stability
There are various conventional methods of improving the
voltage stability of power systems. Some of these are:
(a) Reactive Power Compensation

Reactive power compensation is an important
issue in electric power systems being an effective
measure to improve voltage stability. Reactive power
must be compensated to guarantee an efficient delivery
of
active power to loads, thus releasing system capacity,
reducing system losses, and improving system power
factor and bus voltage profile [11]. Through controlling
the production, absorption, and flow of reactive power at
all levels in the system, voltage/Var control can maintain
the voltage profile within acceptable limit and reduce
the transmission losses [9].

Compensation could be shunt whereby the
compensating device is connected in parallel with the
circuit to be compensated. It can be capacitive (leading)
or inductive (lagging) reactive power, although in most
cases, compensation is capacitive. Shunt compensation
is successful in reducing voltage drop and power loss
problems in the network under steady load conditions as
it reduces the current flow in areas of installation
[12][13]. It could also be series whereby the
compensating device is connected in series with the
circuit to be compensated. Whereas shunt compensation
reduces the current flow in areas of installation, series
compensation acts directly on the series reactance of the
line. It reduces the transfer reactance between supply
point and the load and thereby reduces the voltage drop
[14].

(b) Synchronous Condensers

Synchronous  condenser is  simply a
synchronous machine without any load attached to it.
Like generators, they can be over-exited or under-exited
by varying their field current in order to generate or
absorb reactive power. Synchronous condensers can
continuously regulate reactive power to ensure steady
transmission voltage, under varying load conditions.
They are especially suited for emergency voltage control
under loss of load, generation or transmission, because
of their fast, short-time response. Synchronous
condensers provide necessary reactive power even
exceeding their rating for short duration, to arrest
voltage collapse and to improve system stability
[15][16].

(c) Excitation Control

When the load on the supply system changes,
the terminal voltage of the alternator also varies due to
the changes in voltage drop in the synchronous
reactance of the armature. Since the alternators have to

be run at a constant speed, the induced emfs, therefore,
cannot be controlled by adjustment of speed. The
voltage of the alternator can be kept constant by
changing the field current of the alternator in accordance
with the load. This is known as EXCITATION
CONTROL METHOD. The excitation control method is
satisfactory only for relatively short transmission lines

[1][16].

(d) Tap-Changing Transformers

Tap-changing transformer method is a method
of voltage control for long transmission lines where
main transformer is necessary. The principle of
regulating the secondary voltage is based on changing
the number of turns on the primary or secondary i.e. on
changing the ratio of transformation. Decrease in
primary turns causes increase in emf per turn, and so in
secondary output voltage. Secondary output voltage can
also be increased by increasing secondary turns and
keeping primary turns fixed. In other words, decrease in
primary turns has the same effect as that of increase in
secondary turns [17].

(e) Booster Transformer

Sometimes, it is desired to control the voltage
of a transmission line at a point far away from the main
transformer. This can be conveniently achieved by the
use of a booster transformer. The secondary of the
booster transformer is connected in series with the line
whose voltage is to be controlled. The primary of this
transformer is supplied from a regulating transformer
fitted with on-load tap-changing gear. The booster
transformer is connected in such a way that its
secondary injects a voltage in phase with the line [16]

(f) Phase-Shifting Transformers

This is based on the concept that modification
of voltage magnitudes and / or their phase can be
achieved by adding a control voltage. A special form of
a 3-phase-regulating transformer is realized by
combining a transformer that is connected in series with
a line to a voltage transformer equipped with a tap
changer. The windings of the voltage transformer are so
connected that on its secondary side, phase-quadrature
voltages are generated and fed into the secondary
windings of the series transformer. Thus the addition of
small, phase-quadrature voltage components to the
phase voltages of the line creates phase-shifted output
voltages without any appreciable change in magnitude.
A phase-shifting transformer is therefore able to
introduce a phase shift in a line

Il. UNIFIED POWER FLOW CONTROLLER

(UPFC)

This device is a member high power-electronic
based controllers (FACTS devices) that enhances
controllability and increases power transfer capability of
power systems.FACTS is a recent technological
development in electrical power systems that is aimed at
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replacing the static, conventional methods mentioned source representing the series converter are controlled
above [19] [20] [21] betwee_n limits (Vse min < Vse< Ve max) and (0 < 8, < 2m)
The Unified Power Flow Controller (or UPFC) respectively
is an electrical device for providing fast-acting reactive The power flow
power compensation on high-voltage electricity equations for the
transmission networks. The UPFC uses solid state UPFC are
devices, which provide functional flexibility, generally ?btalned as .
. . . ollows [21][26]:
not attainable by conventional Thyristor controlled At the sending-
systems. The UPFC is a combination of a static end node i,
synchronous compensator (STATC(_)M — shunt The series converter power is:
converter) and a static synchronous series compensator
(SSSC — series converter) coupled via a common DC For the case when the UPFC controls the following
voltage link as seen below parameters [16]:
(1) Voltage magnitude at the shunt converter terminal
(bus i),
+ Ve - nodek (2) Active power flow from bus k to bus i, and
- <+«
- V. THE NIGERIAN TRANSMISSION SYSTEM —
Shunt Series TEST CASE
e o The test case for this work is the 28-bus
@ 1 @ Nigerian transmission system made up of nine (9)
i T generating ‘stations/PV buses (which are either thermal or
hydro and exluding the Nigerian Integrated Power
T ! 11 Projects (NIPPs) and the Independent Power Projects
vl e Wl (IPPs)) and fifty-two (52) transmission lines.
Some of the predominant features of this system
are:

; . e di e 1. There-is an installed capacity of 8,644MW of

Figure 1: Schematic diagram of the pmfled power generated power of which 6,905MW is government

flow controller (UPFC) system showing two back-to- owned [27].

back voltage source converters (VSCs)[25]. 2. The system is characterised by high power losses and
frequent voltage instability [28]. The transmission

UPFC POWER FLOW ODEL grid system is also characterised by radial, fragile

The equivalent circuit diagram of the UPFC is shown in and long transmission lines, some of which risk total
Figure 2, or partial system collapse in the event of major fault

occurrence and make voltage control difficult
[29]1[30].

3. The existing system comprises over 11,000km of
node i Yie + y,, - nodek transmission lines (about 5,523km for 330kV lines and
F—]—h Y\ (\J\ | Rl about 6,889km for 132 kV lines) [31]. There are 32

Ze _p\J 1 No of 330/132 kV substations with total installed
llsh g transformation capacity of 7,688MVA (equivalent to
A 6,534.8MW) [31][32].
Ying Zoh ! Bus and line data of the Nigerian 28-bus system are
RefVan L + Vse Ij=0 [Vel/Z6«  presented in the tables that follow.

Vil/_
i.e. Pse t,Psh =0
7\ ///
l l V. RESULTS AND DISCUSSION

Newton-Raphson Power flow analysis was carried out
on the test case with and without the UPFC using
MATLAB because of the number of buses involved —
28. The result of the voltage magnitudes only of the
Nigerian 330kV, 28-Bus transmission system with and
whereVy, and 8sh are the controllable magnitude without the UPFC is summarized below:

(Vsh min < Van< Ven max) and phase angle (0 < 84 < 27) of

the vofta e source representing the %wnt converter. The

magnitude Vs, and phase angle 8. of the voltage Without the UPFC, voltages at buses 9 (0.9896

Figure 2: Equivalent circuit diagram of UPFC [25]

Copyrights © International Journal of Intellectual Advancements and Research in Engineering Computations, www.ijiarec.com



2033

Natarajan S et al,, Inter. J. Int. Adv. & Res. In Engg. Comp., Vol.-06(02) 2018 [2030-2033]

p.u) and 13 (0.9765 p.u) were seen to be the least. For
the developed MATLAB program, convergence
occurred after six (6) iterations and the maximum power
mismatch = 5.62078e-013. The generated reactive
power is 844.8101Mvar. The base MVA is 100MVA
while the base voltage is 330kV. With the inclusion of
UPFC, convergence occurred after seventeen (17)
iterations and the maximum power mismatch was found
to be 1.6942e-013 while the reactive power has changed
from 844.8101Mvar to 639.117Mvar.

In terms of power losses, these reduced paving
the way for better efficiency. Without the UPFC
installed, the total losses in the lines are 85.177MW. The
highest losses were experienced on the lines between
buses 25 and 27 with the value put at 10.28MW. When
UPFC was installed, the losses reduced by 2.53% to
83.025 MW.

VI. CONCLUSION

This work has been able to establish the
importance derivable from the application of FACTS
devices on transmission systems using the Nigerian
330kV, 28-Bus transmission system as a case study. It
could be seen how the class of device can improve
voltage profiles and reduce transmission losses. They
could therefore be deployed to minimize prolonged and
frequent voltage instability in transmission networks and
enhance system efficiency.

REFERENCES

1.[1]. J.B. Gupta, A Course in Power Systems (S.K.Kataria

and Sons, New Delhi, 10" Edition, 2008)

10.

2. S. Richa, V. Kumar and S.H. Dhiraj, VVoltage Instability and its

prevention using FACTS controllers, International Journal of
Engineering Research and Development, 3(11), 2012, p6-8

. P.Elechi and E. Omorogiuwa, Economic Effect of Technical

and Non-Technical Losses in Nigeria Power Transmission
System,

. [3] Journal of Electrical and Electronics Engineering, 10(2),

2015, p89- 100

.H.S. Labo, “Current Status and Future Outlook of Current

Status and Future Outlook of the Transmission Network: A
paper

. presented at the Investors’ Forum For The Privatization Of

PHCN  Successor Companies”, 2011

. E. U. Oleka, S. N. Ndubisi, and G. K. ljemaru, Electric Power

Transmission Enhancement: A Case of Nigerian Electric
Power Grid, American Journal of Electrical and Electronic
Engineering, 4(1), 2016, p 33-39. doi: 10.12691/ajeee-4-1-5.

. US-Canada-Power-System_Outage-Task-Force, "Final Report

on the August 14, 2003 Blackout in the United States and
Canada: Causes and Recommendations,” 2004, [Online]
Auvailable:
www.energy.gov/sites/prod/files/oeprod/DocumentsandMedia/
Blackout Final-Web.pdf.

. C.W. Taylor, Power System Voltage Stability (McGraw-Hill,

New York, 1994)

T. V. Cutsem and C. Vournas, Voltage Stabitity of
Electric power Systems, (Kluwer Academic Publishers,
Norwell MA, 1998)

11. P. Kundur, Power System Stability and Control, ( McGraw-

Hill, USA, 1994)

Copyrights © International Journal of Intellectual Advancements and Research in Engineering Computations, www.ijiarec.com


http://www.energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Blackout%20Final-Web.pdf
http://www.energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Blackout%20Final-Web.pdf
http://www.energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Blackout%20Final-Web.pdf
http://www.energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Blackout%20Final-Web.pdf

