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ABSTRACT : The Nigeria power transmission network has constantly recorded increase in demand to increase
in power flow congestion leading to drastic reduction in power transfer capability in transmission and
distribution lines. This issues led to determination of methods and avenues of improving the power flow which
resulted to the improvement of the available transfer capability. In this paper, the Nigerian 330 kV transmission
network was modeled using NEPLAN software where static Var compensator (SVC) and thyristor controlled
series capacitor (TCSC) flexible alternating current transmission system (FACTS) controllers were deployed to
improve the power flow and the available transfer capability. The Optimal location for the implementation of
the FACTS controllers was determined using genetic algorithm (GA) optimization technique based on the linear
regression relationship between the available transfer capability and the summation of the transmission line
distance. Comparative analysis was performed between the modeled power system network without FACTS and
the power system network with SVC and TCSC. From the results presented, the optimal location obtained for
the placement of FACTS was the transmission line between Benin transmission station (TS) and Osogbo TS
hence the TCSC was placed on the transmission line and SVC was placed at Osogbo TS which was the closest
location of the optimal distance located.
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I. INTRODUCTION

The available transfer capability (ATC) has been a factor used to determine the amount of power that is
transmitted to load stations from generation stations [1, 2]. In the study of the Nigeria power systems by [3, 4,
5], it was found that the constant epileptic power supply recorded in power transmission systems in Nigeria was
largely due to the rise in power congestion in the power flow of the transmission and distribution lines. The
reduction in available transfer capability also affected the durability, stability, economic stability and power
transmission stability of the systems in Nigeria [6, 7]. In curbing these issues, the paper proposed the use of
shunt and series flexible alternating current transmission system (FACTS) controllers for the improvement of
the availability transfer capability of the power system network. The improvement of the available transfer
capability would reduce the rate of epileptic power supply and improve on the existing power congestion in the
transmission and distribution networks. However, several procedures were required in the improvement of the
available transfer capability of which the most essential was the optimal FACTS location [8, 9, 10] with particle
swarm optimization technique which involves development of the relationship between the distance and the
available transfer capability. The data utilized in this paper is a real time network obtained from the Nigerian
Control center (NCC) Oshogbo. The power system network was modeled in NEPLAN with the power flow
analysis performed and obtained and same was done for the available transfer capability. The thyristor
controlled series capacitor (TCSC) and the static Var compensator (SVC) FACTS controllers were placed
according to the optimal location obtained from the genetic algorithm optimization performed. The power flow
analysis and the available transfer capability for the system without and with FACTS controllers are analyzed
and compared to determine the best FACTS device that improves the available transfer capability and reduces
the power congestion on transmission lines.
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Il. REVIEW OF RELATED LITERATURE

The application of flexible alternating current transmission system (FACTS) controllers to enhance
transient stability using the Nigerian 48-bus power system network was carried out in [11, 12, 13]. Two
different FACTS devices were deployed namely SVC and static compensator (STATCOM) where power system
analysis toolbox (PSAT), a commercially available power system toolbox in MATLAB was used to model the
Nigerian power system network having fault introduced at Geregu substation located at bus 33 and the two
FACTS devices separately placed at bus 21(Jos transmission station). The outcome showed a high level of
stability on voltage and power. The determination of the available transfer capability with FACTS devices was
done using the power loss sensitivity index method for optimal location of FACTS devices. This was achieved
through the combination of two TCSC, two thyristor controlled phase angle regulator (TCPAR) and TCSC with
TCPAR). The simulation was done in IEEE-9bus network in PowerWorld 8.0. The study failed to determine the
percentage ATC improvement with the installation of FACTS [14, 15, 16]. The study to determine the available
transfer capability (ATC) of an IEEE 30 bus power system network with interline power flow controller (IPFC)
using the particle swarm optimization (PSO) to obtain the optimal IPFC settings was carried out in [17, 18, 19].
MATLAB version 7.10. 0 was deployed to run the simulation, the outcome showed a good improvement of
ATC with the introduction of IPFC. The optimal location of IPFC was not done with any optimal tool and the
ATC improvement was minimal. Boosting of ATC in IEEE 30 bus and 6 bus sample using the PSO tool on the
optimal settings of the TCSC for the enhancement of the ATC of the network was studied in [20, 21]. The
outcome showed an increment in ATC in the power system network. The optimal placement of TCSC was not
done as such the improvement of ATC may not be of optimal outcome. The study to determine ATC on
transmission lines to improve the outcome using TCSC on an IEEE 24-bus network was carried out in [22, 23].
The ATC was determined with repeated power flow (RPF). the paper failed to carry out optimal FACTS
placement of the TCSC with any optimization tool. The IEEE 30 bus network model base on different TCSC
placement methods which includes line reactance, power transfer distribution factor, line thermal limitation and
least bus voltage magnitude was carried out in [24, 25] to determine the ATC, the outcome gave an ATC
increment between 2% to 85% at various placement methods and real power loss achieved were up to 25%.

The study carried out in [26, 27] used PSO in the estimation of the optimal settings of TCSC device for
the enhancement of ATC on power system network. The work failed to determine the optimal placement of the
FACTS for the ATC improvement of the power system network. The optimal enhancement of ATC
improvement of the IEEE 30 bus network using TCSC to determine the optimal location of the TCSC in the
power system network using genetic algorithm optimization tool was discussed in [28, 29]. The outcome of the
study which was described as the new approach showed improvement on ATC with the installation of TCSC.
The emphasis of this study was the enhancement of ATC with only TCSC. The study failed to perform
comparative analysis with another FACTS device. The study in [30, 31], deployed SVC and TCSC FACTS
controller models into the Newton Raphson power flow analysis model and simulation was carried out with
IEEE 30 bus network in Matlab. 14% ATC improvement were recorded for both the SVC and the TCSC
devices. The gap in this study was the absence of optimal location of the FACTS devices. The optimal
placement and sizing of TCSC was studied in [32, 33] using genetic algorithm optimization tool. The author
used power transfer distribution factor for the determination of the ATC comparing it to the ATC calculated
from repeated power flow method. The outcome showed that the use of power transfer computation factor was
more reliable in determining the ATC of power system network than the repeated power flow method. This
study centered more on the format of calculating ATC and not on improvement of ATC with the FACTS
controllers which was the major gap of the research. Studies on ATC enhancement in a 4-bus system network
using cascaded based artificial neural network (ANN) model with static synchronous series capacitor (SSSC)
FACTS controllers was carried out in [34, 35], it was used to stabilize the constant rise in independent operator
system (ISO) and Matlab was used for the simulation. The gap in this study was the absence of optimization
technique for the optimal placement of the SSSC. The study in [36, 37] reviewed several ways of determining
ATC and other parameters of Power transfer capability and how the ATC can be improved with FACTS in a 14-
bus network which the outcome showed that ATC of the power system network was improved. There was
absence of optimal placement of the FACTS for further improvement of the ATC in the 14-bus network. The
study in [38] compared the outcome of ATC improvement with SSSC and unified power flow controller
(UPFC) and also determined the total transfer capability (TTC) with both FACTS in a 30-bus network. The
model was simulated with power system analytical toolbox and the outcome showed an improved ATC with
both FACTS. The study in [40, 41] determined the power loss by optimally placing STATCOM and IPFC on
the IEEE-14 bus system. The outcome showed a reduced power loss in the network. Particle swarm
optimization was the technique used in the study. The study in [42, 43] determined how to improve ATC with
load flow controllers using the power Injection Model (PIM) and generation shift distribution factors (GSDF).
the study failed to utilize optimization technique for optimal placement of the FACTS devices. The study in [44,
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45] utilized TCSC in a 30-bus IEEE power system network in maximum the ATC of the system and the
outcome showed an improvement. However, there was absence of optimal FACTS placement.

I1l. MATERIALS AND METHOD
The data utilized in this paper was obtained from the National control center in Osogho Osun State
Nigeria. The data comprises of line diagram of 28 buses of the Southern region of the Nigerian 330 kV
transmission network. The power system real time data comprises of 28 buses and 36 transmission lines. The
area was mainly 330 kV network that spans from the south western region, south southern region and south
eastern region. The NEPLAN model of the network is shown in Figure 1.

Figure 1: NEPLAN model of the power system network withouf FACTS controllers

The regression model schematics showing the relationship between the available transfer capability and
the distance of the transmission line as obtained from the simulation of the power system model in Figure 2 is
given in Equation (1).

— n
ATC = Tl oapn )

where D is the distance in km, a represents the coefficient of the distance that was determined with least square
method in Matlab. The simulation of the power system network without FACTS in Figure 2 generated the
power flow values and the ATC at various distances utilized in the formation of the regression model that was
subjected to genetic algorithm to determine the optimum distance. From the ATC and distance values obtained
from the power system model in Figure 1, the values were sent to Matlab where the polynomial order was
adjusted until an order at error (E) of 0.0001 or less was obtained with the model subjected to genetic algorithm
to obtain the optimal distance for FACTS placement. The NEPLAN Models with SVC and TCSC are shown in
Figures 2 and 3 respectively.

Figure 2: Power system model with SVC in NEPLAN
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Figure 3: Power system model with TCSC |n NEPLAN

IV. RESULTS AND DISCUSSION
Matlab tool is deployed for the determination of the regression polynomial for the relationship between
available transfer capability and the line distance and the data utilized for the fitting of the model is shown in
Table 1.
Table 1: Data for fitting model

Transmission line distance (km) ATC (MW)
270 78.8481
521 83.3867
546 82.2383
684 84.2635
746 84.2990
764 83.7468
901 78.3024
1016 78.6193
1018 80.8764
1114 82.7778
1251 83.8900
1283 81.6686
1346 85.3798
1453 84.4652
1503 86.7178
1605 82.7820
1637 80.9263
1651 78.9507
1681 83.4986
1707 85.0092
1734 81.8111
1819 78.8174
1854 80.3982
1867 79.3829
1930 80.5290
1968 81.9608
2040 82.7443
2096 82.1168
2161 85.8783
2412 82.6625
2453 86.4926
2573 83.7394
2783 86.6192

The best fitted model outcome has an error (E) value of 0.000087 at prediction accuracy of 99.08 %.
the model is subjected to genetic algorithm and the optimal outcome obtained is ATC of 74.31 MW at distance
of 954.5 km. The optimum distance is line 8 between Benin TS and Osogbo TS. Hence the TCSC FACTS
controller is placed at the transmission line connecting Benin and Osogbo while the SVC is placed at Osogbo.
The ATC of the power system without FACTS is shown in Figure 4.
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Figure 4: ATC without FACTVS in the Southern Nigevrian 330 kV
power system network

From the barchart of the ATC of the system without FACTS presented in Figure 4, it is observed that
the ATC are low in buses 2, 7, 8 12 and 16. This suggest power congestion and a means of power transfer
improvement is needed to improve the ATC of the network to ensure that what was sent was received in these
networks. The ATC for the power system with SVC FACTS controller is shown in Figure 5.
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Figure 5: ATC of ﬁue powe; system with SVC FACTS in the
Southern Nigerian 330 kV power system network

From Figure 5, There is an improvement with the installation of SVC, but it is observed that the ATC
are low in buses 3, 16, 19 23, 25 and 27. Hence, the outcome of ATC with TCSC FACTS is plotted and

displayed in Figure 6.
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Figure 6:ATC with TCSC FACTS in the Southern Nigerﬁn 330 kV power
system network

From Figure 6, it is observed that there are improvements with the installation of TCSC FACTS
controller when compared to the ATC outcome of the system without FACTS and with SVC FACTS.
The comparative plot of the ATC without and with FACTS controllers is shown in Figure 7.
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Figure 7: Comparative barchart of the ATC for with and without FACTS controllers

V. CONCLUSION

The major aim in this study was to obtain the optimum placement of TCSC and SVC FACTS for the
improvement of the ATC of the southern region of the Nigerian 330 kV transmission network. The power
system network was modeled and the power outcome obtained from NEPLAN software. The ATC of the power
system without FACTS, with SVC and with TCSC were obtained and presented. Genetic algorithm was used to
optimize the obtained polynomial relationship between the ATCs and the transmission line distance. The
outcome optimum location identified by genetic algorithm was ATC of 74.31MW at summative distance of
954.5km. The optimum distance was line 8 between Benin TS and Osogbo TS. Hence the TCSC FACTS was
placed at the transmission line connecting Benin and Osoghbo while the SVC was placed at Osogbo. Results of
the simulations of the performances of the FACTS controllers showed that TCSC performed better than SVC. It
is therefore very imperative to implement these FACTS controllers in the Nigerian southern 330 kV
transmission network to minimize the rate of power congestion and improve the available power transfer
capability of the power system network.

REFERENCES

[1] Rao, N.S., Amarnath, J., Rao, V.P.: Comparison for Performance of Multitype FACTS Devises on Available Transfer
Capability in a Deregulated Power System. In proceeding of International Conference on Smart Electric Grid (ISEG), Guntur,
India, 1-6 (2014).

[2] Kalpana, N., Sree Varshini, G.Y.: Enhancement of Awvailable Transfer Capability using Particle Swarm Optimization
technique with Interline Power flow Controller. In proceeding of IET Chennai 3rd International Conference on
Sustainable Energy and Intelligent Systems (SEISCON 2012), Tiruchengode, 1-4 (2012).

[3] Manikandan, B.V., Raja, S.C., Venkatesh, P.: Enhancement of Available Transfer Capability with FACTS Device in Competitive
Power Market, in proceeding of IET-UK International Conference on Information and Communication Technology in Electrical
Sciences, 50-56 (2007).

[4] Choudhury, N.B.D., Jena, R.: Available Transfer Capability Enhancement in Constrained Network Conditions using
TCSC. In proceeding of IEEE International Conference on Adavances in Engineering and Technology Research, 1-7 (2014).

[5] Omorogiuwa, E., Okpo, E.E.: PV-Diesel Hybrid Power System for a Small Village in Nigeria, International Journal of Scientific
Research Engineering Technology, 1(4), ISSN (Online): 2395-566X (2015).

[6] Venkata, P.S., Sahu, S.K., Jayalashmi, A.: Available Transfer Capability Enhancement by using Particle Swarm Optimization

Algorithm based FACTS allocation, in proceeding of Asia Pacific Conference on Postgraduate Research in Microelectronics and
Electronics, 1-4 (2012).

[7] Nireekshana, T., Chowdary, P.K.: Enrichment of Available Transfer Capability Using TCSC. In proceeding of Conference on
Power, Control, Communication and Computational Technologies for Sustainable Growth, 1-5 (2015).

[8] Okpo, E.E., Okoro, O.l., Awah, C.C., Akuru, U.B.: Performance Evaluation of 5.5 kW Six-Phase Asynchronous Motor. In
proceeding of 2019 IEEE PES/IAS PowerAfrica, Abuja, Nigeria, 639-644 (2019).

[9] Sookananta, B., Galloway, S.J., Burt, G.M., McDonald, J.R.: Employment of Power Transfer Distribution Factor for the Optimal
Placement of FACTS Devices. In proceeding of International Power engineering Conference, 1-5 (2007).

[10] Jonah, |, Ekpo, D.D., Okpo, E.E.: Implementation of Heat Exchanger Palm Fruit Cooker for Optimum Production of Palm Qil.
International Journal of Multidisciplinary Research and Analysis, 7(6), 3039-3045 (2024).

[11] Ekpo, D.D., Okpo, E.E., Nkan, L.E.: Standardized and Modernized 12 volts Mobile Electric Battery Charging Machine- An
Implementation. International Journal of Multidisciplinary Research and Analysis, 7(7), 3071-3076 (2024).

[12] Adadu, C.A., Ekpo, D.D., Okpo, E.E.: Characterization of Fuel Pellets Made from Rice Husk, Sawdust and Corncob Bond with
Cissus Populnea and Manihot Esculenta. International Journal of Multidisciplinary Research and Analysis,7(7), 3150-3158

(2024).

[13] Natala, H., Nkan, L.E., Okoro, O.l., Obi, P.L.: Investigation of the Transfer Capability of the Nigerian 330kV, 58-Bus

Power System Network Using FACTS Devices. Journal of Electrical Engineering, 22(1), 53-62 (2023).




American Journal of Engineering 2024

[14]

[15]

[16]
[17]
[18]

[19]

[20]
[21]
[22]
[23]
[24]

[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]

6(11),
[40]

[41]
[42]

[43]

[44]

Diji, C.J., Ekpo, D.D., Adadu, C.A.: Design of a Biomass Power Plant for a Major Commercial Cluster in Ibadan-Nigeria. The
International Journal of Engineering and Science, 2(3), 23-29 (2013).

Nkan, I.E., Okoro, O.l., Obi, P.l., Awah, C.C., Akuru, U.B.: Application of FACTS Devices in a Multi-Machine Power System
for Transient Stability Enhancement: A Case Study of the Nigerian 330 kV 48-Bus System.. In proceeding of IEEE AFRICON,
Accra, Ghana, 1-9 (2019).

Olatunbosun, D., Uguru-Okorie, B.E., Ekpo, D.D.: A Comparison of Medical Waste Generated in Selective Private and Public
Hospitals in Abeokuta Metropolis, Nigeria. International Journal of Scientific & Engineering Research, 5(7), 1441-1449 (2014).
Nkan, LE., Okoro, O.l, Awah, C.C., Akuru, U.B.: Investigating the Steady State Stability of the Nigerian 48-Bus
Systems using FACTS Devices. Nigerian Journal of Technology (NIJOTECH), 38(3), 732-743 (2019).

Diji, CJ., Ekpo, D.D., Adadu, C.A.: Exergoenvioronmental Evaluation of a Cement Manufacturing process in Nigeria.
International Journal of Engineering research and Development, Vol. 7, 25-32 (2013).

Nkan, LE., Okoro, O.l., Awah, C.C., Akuru, U.B.: Investigating the Dynamic Stability of the Nigerian 48-Bus Systems for
Improved System Performance using FACTS. In Proceeding of the 27th Domestic use of Energy Conference, South Africa, 34-
42 (2019).

Ekpo, D.D.: Electricity Generation Potential from Municipal Solid Waste in Uyo Metropolis, Nigeria. Doctoral Dissertation,
Ibadan, Nigeria, (2019).

Nkan, LE., Okpo, E.E., Okoro, O.l.: Multi-Type FACTS Controllers for Power System Compensation:A Case Study of the
Nigerian 48-Bus, 330 kV System.. Nigerian Journal of Technological Development, 63-69 (2020).

Ekpo, D.D., Diji, C.J., Offiong, A.: Environmental Degradation and Municipal Solid Waste Management in Eket-
Nigeria. Pan African Book Company, 164-172 (2012).

Nkan, I.E., Okpo, E.E., Inyang, A.B.: Enhancement of Power System Transient Stability with TCSC: A Case Study of The
Nigerian 330 kV, 48-Bus Network. International Journal of Multidisciplinary Research and Analysis, 6(10), 4828-4841 (2023).
Udoh, D.E., Ekpo, D.D., Nkan, LLE.: Design and Development of a Package Delivery Robot. International Journal of
Multidisciplinary Research and Analysis, 7(6), 2504-2510 (2024).

Nkan, L.E., Okpo, E.E., Akuru, U.B., Okoro, O.l.: Contingency Analysis for Improved Power System Stability of the
Nigerian 330 kV, 48-Bus System using Series FACTS Controllers. In proceeding of AIUE Congress 2020: International
Conference on Use of Energy, South Africa (2020).

Ekpe, M.V., Ekpo, D.D., Okpo, E.E.: Harnessing Biogas Resources for Production of Methane Gas. International
Journal of Multidisciplinary Research and Analysis, 7(6), 2498-2503 (2024).

Nkan, IL.E., Okpo, E.E., Okpura, N.l.: Optimum Location of Shunt FACTS Devices for Enhancement of Power System
Loadability Using Continuation Power Flow. International Multilingual Journal of Science and Technology (IMJST), 8(9), 6666-
6674 (2023).

Ekpo, D.D.: Challenges of Municipal, Solid Waste Disposal: A Case Study of Uyo Township. Education & Science Journal of
Policy Review & Curriculum Development, 1(2), 110-116 (2012).

Inyang, P.J., Nkan, L.E., Okpo, E.E.: Voltage Stability Improvement in The Nigerian Southern 330 kV Power System
Network with UPFC FACTS Devices. American Journal of Engineering Research, 13(2), 27-33 (2024).

Abunike, E.C., Umoh, G.D., Nkan, LE., Okoro, O.lL: Investigating the Magnetic Characteristics of 12/8 Switched
Reluctance Motor for Enhanced Starting Torque. Nigerian Journal of Technological Development, 18(1), 70-75 (2021).

Okoro, O.l., Abunike, C.E., Akuru, U.B., Awah, C.C., Okpo, E.E., Nkan, L.E., Udenze, P.l., Innocent, U.O., Mbunwe, M.J.:
A Review on the State-of-the-Art Optimization strategies and Future Trends of Wound-Field Flux Switching Motors. In
proceeding of IEEE PES/IAS PowerAfrica, Kigali, Rwanda, 1-5 (2022).

Awah, C.C., Okoro, O.1., Nkan, I.E. Okpo, E.E.: Impact of structural dimensions and poles on the torque performance of dual-
stator permanent magnet machines. Nigerian Journal of Technological Development, 19(1), 68-79 (2022).

Okpo, E.E., Nkan, LE., Okoro, O.l., Akuru, U.B.: Winding Reconfiguration of 5.5 kW Three-Phase Induction Motor for
Improved Performance. In proceeding of IEEE PES/IAS PowerAfrica, Nairobi, Kenya, 1-4 (2021).

Nkan, LLE., Okpo, E.E.. Electric Power Forecasting by the Year 2020 using the Least Square Method. International
Journal of Research and Advancement in Engineering Science, 6(1), 205-215 (2016).

Okpo, E.E., Nkan, L.E.: Constructional Features and Performance Analysis of 3-Phase Linear Induction Motor. International
Journal of Scientific Innovations and Sustainable Development, 6(1), 176-185 (2016).

Jameson, F.P., Nkan, L.E., Okpo, E.E.: Improvement of Power Transfer Capability of Nigeria National Grid with TCSC
FACTS Controller. American Journal of Engineering Research, 13(1), 37-43 (2024).

Innocent, U.O., Nkan, L.E., Okpo, E.E., Okoro, O.l.: Dynamic Response Evaluation of a Separately Excited DC Motor.
Nigeria Journal of Engineering, 28(2), 56-61 (2021).

Innocent, U.O., Nkan, I.E., Okpo, E.E., Okoro, O.l.: Predicting the Stability Behaviour of Three-Horse Power Induction Motor
Using Eigenvalue Method. Bayero Journal of Engineering and Technology (BJET), 16(2), 66-81 (2021).

Oduleye, A.E., Nkan, L.LE. Okpo, E.E.: High Impedance Fault Detection and Location in the Nigerian 330 kV Transmission
Network using Adaptive Neuro-Fuzzy Inference System. International Journal of Multidisciplinary Research and Analysis,
5390-5398 (2023).

Bassey, J.B., Ekpo, D.D., Gentle, V.U.: Computational Fluid Dynamics Analysis of Flow Characteristics in Convergent and
Divergent Sections. International Journal of Science Engineering and Technology, 1-7, 2024.

Ekpa, A.K., Odion, J., Akpan, U.N.: Simulated Design and Evaluation of Centralized off Grid Street Light Solar Power
System with Backup Generator. International Journal of Multidisciplinary Research and Analysis, 6(12), 5673-5681 (2023).
Ekpa, A.K., Essien, U.J., Akpan, U.N.: Power Transfer Capability Enhancement of The Nigerian 330 kV Transmission Network
with SVC FACTS Controller. International Journal of Multidisciplinary Research and Analysis, 7(2), 504-511 (2024).

Essien, U.J., Odion, J., Ekpa, A.K.: Application of SSSC for Voltage Stability Improvement in  the Nigerian 330 kV
Transmission System using Particle Swarm Optimization Technique. International Journal of Multidisciplinary Research and
Analysis, 7(2), 813-820 (2024).

Essien, U.J., Odion, J., Chukwu, N.F.: Performance Evaluation of Optimally Placed SVC for Dynamic Stability of the
Power System. International Journal of Multidisciplinary Research and Analysis, 6(11), 5120-5129 (2023).




