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ARTICLE INFO ABSTRACT

Received: 15 Apr 2025 For the past two decades, Nigerian electricity sector have continued to witness acute shortage.

The situation is not only ascribed to widened discrepancy between energy demand and

embarrassing population growth. The obsolete infrastructure without appropriate upgrading

Accepted: 09 June 2025  facilities to withstand the increasing loads makes the grid more susceptibility to collapse. The
research is focused on load flow investigation of 30- bus, 33/11 kV Nsukka electricity distribution
network. Simulation was performed using ETAP software. The voltage profile value of 90.012 %
and -9.4380 phase angle obtained from initial results confirmed that the entire network is
weakened thus, required reinforcement. The simulation was repeated when 12 MW solar power
was integrated in the grid. The power losses reduced from 156.7 kW, 1544.9 kVar to 54.6 kW and
102.4 kVar, while the phase angle and voltage profile improved to 4.440 and 100.12 %, in line
with the statutory voltage profile of 100+£5%.
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INTRODUCTION

The economic progression of a nation depends majorly on her strength to generate affordable, clean electricity and
efficiently distribute to consumers (Mutumba, et al., 2024). Unfortunately, Nigerian power industry is performing
below expectation in spite huge budgetary allocation into the sector. Regrettably, the nation has not been able to
explore renewable energy alternative upon the vast wealth of natural resources to drive the transition. The power
generation in the country is highly dominated by conventional fossil fuel sources with 12,522 MW installed capacity
but less than 5000MW is evacuated to the network. The availability is flagrantly inadequate and unhealthy for
national industrial growth of the most populated nation with over 223.8 million individuals, which requires at least
180,000MW to meet the energy demand of consumers (Oladeji, et al., 2024). Load shedding has become a norm in
Nigerian power industry especially at the distribution level other than exception just to prevent grid overload
resulting to power outage (Mutambo et al., 2023). Virtually all the nations in Africa have made a remarkable
improvement in their electricity sector while Nigerian power sector is still inundated with myriads of problem
(Ibrahim, et al., 2021). There is urgent need to upgrade obsolete infrastructure and same time invest in renewable
mix more especially photovoltaic technology to ease existing congested network in order to accommodate increasing
loads.

This research is focused on load flow survey of 30- bus Nsukka 33/11 kV electricity distribution network incorporated
with 12MW photovoltaic system. Load flow in power system is a technique adopted more especially, it is an essential
part of power system design and operation (Sanjay Bhuriya, 2024; Ashokkumar et al , 2023 ).It offers insights into
the steady-state behavior of electrical networks e.g like active, reactive power losses, voltage profile, phase angle (Ba
Bahloul, et al, 2023). The load flow simulation will be achieved using dynamic software called ETAP. Incorporation
of PV system will help to improve the voltage profile by injecting power locally, potentially reducing voltage drops in

1077
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution
License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2025, 10(555)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

areas with high solar irradiance. It will equally help to mitigate losses and achieve system security inline with the
sustainable development goal (Routray & Arya, 2020).

THEORETICAL ANALYSIS OF LOAD FLOW
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Figure 1.: Real power representation Figure 2.: Illustration of reactive power

Diagram of real and reactive power at bus k is displayed in figure 1.0 and 2.0. (Syafii, et al., 2019). Mathematical
equations of the injected bus currents Ix and complex bus voltage Ex and Er, are expressed in equation 1.0 and 2.0:

I, =yE, +ykm(Ek _Em)= (yko +ykm)Ek = VimEn =YuE, + Y, E

km™~'m 1.0

Ykk:yko+ykm

2.0
Similarly, bus m
Im = ymoEm +ymk(Em _Ek): (ymO +ymk )Em _ymkEk = YmmEm + YmkEk 4.0
Ymm :ym0+ymk and Ymk :_ykm 5.0
Equation 1.0 and 4.0 is transformed in matrix form of equation 6.0: (Aribi,et al,2015).
Ik _ Ykk Ykm Ek
[m Ymk Ymm Em
6.0
Equation 7.0 is an explicit form derivation of bus admittances and voltage:
Y, =G, + B, 7.0
E =Ve'" =V(cos6, + jsin6,) 8.0
Sincei=k, mandj=km
The Complex power injected at bus k is given by :
S, =P +jO, =E,
=k, (YkkEK +YkmEm) 9.0

I" = complex conjugate of Ix injected at bus k
Applying the value of Yj; and E; in S we get,
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S, =V, (cos @, + jsin 0, (G, + jB, IV, (cosO, + jsin6,)+(G,, + jB,, WV, (cos®, + jsind ) 100

Equation (10.0) can be expressed in real and imaginary form of power injected at k™ bus into equation (11.0) and
(12.0) respectively.

cal 2 :
Pe =V?G,, +V,V,[G,, cos(6, -6, )+B,, sin(6, -6, ) o
cal :
kT _Vk2 Bkk + Vk Vm [ka Sln(ek - em )_ Bkm COS(@k - em )] 12.0
At bus k, the general net real and reactive powers that are injected are expressed in equation 13 and 14

n

cal ical
P = zl)k
=1 13.0

Q;-al — ZQlicul
= 14.0

Pical Qical
k and =F are active and reactive power flows

Power Mismatch Equations

The power mismatch is normally applied in load flow analysis to ascertain the disparity between generated power
and energy demand at bus k in order to guarantee power balance. The mathematically expression of real and reactive
power mismatch is derived using complex power balance as shown in equation (15) and (16) (Muzzammel, et al,
2019). This computation is usually performed to verify status of electrical grid.

APk:PG/c_PLk_PkM[:PkSCh_Ichalzo 15.0
AQ _ Q _ Q _ cal _ sch cal — 0
k Gk Lk k k k 16.0
Where,
Foe Qs : :
, denotes real and reactive powers provided by the generator.

P .
Lk and O = Actual and reactive powers consumed.

The mathematical expression of power generation and load of equations (15) and (16) is transformed into equation
(17) and (18):

AP, =P, - P, —{V}G, +VV,[G,, COS(Hk -0, )+ By, Sin(ek -0, )]} =0 17.0
AQk = QGk - QLk - {_szBkk + Vka [ka Sin(ek - Hm )_ Bkm COS(@k - 0m )]} = O 18.0

The expression of power mismatch is found in equation (19) and (20):

AP, :PGk_PLk_ZI)kical =0
i=1 19.0

AQ, =06 — O — ZQJI:M =0
i=1

20.0
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Net Active and Reactive Power

Net active power denotes actual power consumed while net reactive power, fluctuates between the source and the
load and is necessary for the operation of inductive and capacitive loads, their net values termed scheduled active
and reactive powers are expressed in equation (21) and (22)

PkSCh :PGk - P,

ch
Iic = QGk - QLk

22.0
METHODOLOGY

There are numerous techniques adopted in load flow computation. The commonest among them are Fast Decoupled,
Gauss-Seidel, Newton- Raphson method. This research utilizes ETAP software to simulate 30 bus, 33/11 kV Nsukka
electricity distribution network. The evaluation was conducted using Newton Raphson technique (Rijal, et al, 2025).
The flow chart for implementation of the method is shown in figure 3.0, while the oneline diagram of the distribution
network designed with ETAP tool is equally shown in figure 4.0. The available data e.g transformer, loads line
reactance and resistance obtained from local utility Enugu Electricity Distribution Company were specified and
inserted to its positions in the diagram. The initial simulation will be performed to identify the critical buses, lines
and power losses respectively (Winarta, & Rozzi, 2021). Similarly, the simulation will be repeated when a 12 MW
solar power capacity was integrated into the network. PV system will help to improve the voltage profile by injecting
power locally, potentially reducing voltage drops in areas with high solar irradiance. It will equally help to mitigate
power losses in the network.

@
‘ Compute the elements of Jacobian ‘
Make initial assumptions Compute slack bus powers
0n]® For: = w &% Forr=2,..m Py and O and line flows
2,4 = ¥ |%cos 3, 1% 1%5in8,” fori=2,..n

= [%]%5in&" fori=[m+1),..n

Salve for voltage magnitude and Angle corrections
AV = 2,..m (PQ buses); 45;",i = 2 ...,n (PQ and PV buses

l AT =574 A8 Ni=2,..n VY = VT AIVIR =2, m
| Set iteration countr=0 | T+ = 10+ Dcos 5 TV D = (vt sin 5,1 = 2, .m,
l e, = [W]F+ Deos 5, T T = [Vilsin g, " i=.(m + 1) wn

| Set iterstion counti=2 | i
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cerrormales 25, 0,2
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| ;""" = IVl cos 3, £ = Wising, ) |

]
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Na
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Figure 3. Newton Raphson Algorithm method for load flow (J. Nagrath, et al.,2012)
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Figure 4. Oneline diagram of 33/11kV Nsukka distribution network integrated with PV system
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Study Remarks
Plate 1. ETAP Load flow study case.

Table 1. Critical Report

Device ID Type Condition Rating/Limit | Unit | Operating | % Operating | Phase Type
Busi0 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus12 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Busi4 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Busis Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus16 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Busi18 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
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Bus2 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus20 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus22 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus24 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus25 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus26 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus28 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus29 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus3 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus3o Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus31 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus33 Bus Under Voltage 11.000 kv 9.900 90.0 3-Phase
Bus34 Bus Under Voltage 11.000 kv 9.900 90.0 3-Phase
Bus3s Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus36 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus38 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus4 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus40 Bus Under Voltage 11.000 kv 9.900 90.0 3-Phase
Bus41 Bus Under Voltage 11.000 kv 9.900 90.0 3-Phase
Bus42 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus43 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus4s Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus47 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus48 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Buss Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Buss50 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus8 Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
Bus9g Bus Under Voltage 11.000 kv 9.901 90.0 3-Phase
T1 Transformer Overload 7.500 MVA 10.352 138.0 3-Phase

Table 2. Summary of Branch losses without PV integration

vd

From-To Bus Flow | To-From Bus Flow Losses % Bus Voltage % Drop
Branch ID MW Mvar MW Mvar kW | kvar From To in Vmag
Cable1 2.044 1.137 | -2.044 -1.137 0.1 -0.2 90.0 90.0 0.01
Cable2 2.535 1.425 | -2.535 -1.425 0.2 -0.1 90.0 90.0 0.01
Cable4 2.453 1.374 | -2.453 -1.375 0.2 -0.1 90.0 90.0 0.01
T1 8.089 6.461 | -7.932 -4.429 156.3 | 2031.5 | 100.0 90.0 9.99
71 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
710 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
711 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
712 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
714 -0.245 -0.152 | 0.245 0.136 0.0 | -16.2 90.0 90.0 0.00
716 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
718 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
719 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
720 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
722 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
723 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
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724 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
725 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
Z.27 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
728 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
729 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
73 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
730 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
732 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
7.34 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
735 0.409 0.237 | -0.409 -0.253 0.0 | -16.2 90.0 90.0 0.00
736 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
737 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
739 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
7.4 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
741 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
742 0.164 0.085 | -0.164 -0.101 0.0 | -16.2 90.0 90.0 0.00
744 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
7.6 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
78 0.245 0.136 | -0.245 -0.152 0.0 | -16.2 90.0 90.0 0.00
156.7 | 1544.9

Table 3. Branch Losses Summary Report with integration PV System

vd
From-To Bus Flow | To-From Bus Flow Losses % Bus Voltage % Drop
Branch ID MW Mvar MW Mvar kW kvar | From To in Vmag
Cable1 2.126 1157 | -2.126 -1.157 0.1 -0.3 | 100.1 | 100.1 0.00
Cable2 2.636 1.453 | -2.636 -1.453 0.1 -0.2 |100.1 | 100.1 0.01
Cable4 2.551 1.400 | -2.551 -1.401 0.1 -0.2 | 100.1 | 100.1 0.01
T1 -3.830 5.215 3.884 -4.510 54.2 | 704.6 | 100.0 | 100.1 0.13
71 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
710 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
711 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
712 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
714 -0.255 -0.158 | 0.255 0.138 0.0 -20.0 | 100.1 | 100.1 0.00
716 0.170 0.085 | -0.170 -0.105 0.0 -20.0 | 100.1 | 100.1 0.00
718 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
719 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
720 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
722 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
723 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
724 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
725 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
727 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
728 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
7.29 0.170 0.085 | -0.170 -0.105 0.0 -20.0 | 100.1 | 100.1 0.00
73 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
730 0.170 0.085 | -0.170 -0.105 0.0 -20.0 | 100.1 | 100.1 0.00
732 0.170 0.085 | -0.170 -0.105 0.0 -20.0 | 100.1 | 100.1 0.00
734 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
735 0.425 0.243 | -0.425 -0.264 0.0 -20.0 | 100.1 | 100.1 0.00
736 0.170 0.085 | -0.170 -0.105 0.0 -20.0 | 100.1 | 100.1 0.00
737 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
739 0.255 0.138 | -0.255 -0.158 0.0 -20.1 | 100.1 | 100.1 0.00
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7.4 0.170 0.085 | -0.170 -0.105 0.0 -20.0 | 100.1 | 100.1 0.00
7.41 0.255 0.138 | -0.255 -0.158 0.0 -20.1 | 100.1 | 100.1 0.00
7.42 0.170 0.085 | -0.170 -0.105 0.0 -20.1 | 100.1 | 100.1 0.00
744 0.255 0.138 | -0.255 -0.158 0.0 -20.1 | 100.1 | 100.1 0.00
7.6 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
78 0.255 0.138 | -0.255 -0.158 0.0 -20.0 | 100.1 | 100.1 0.00
54.6 | 102.4

The simulation of the 30-bus Nsukka electricity distribution network was performed with ETAP tool in which
Newton-Raphson technique was adopted. The base MVA, tolerance, and maximum numbers of iterations of 99 where
specified ETAP load flow study case shown in plate 1.0. The simulation was initially performed without incorporation
solar PV system to ascertain the actual state of the network as shown in figure 5.0. Table 1.0 contains the critical
report buses in the network that are operating at an under voltage with voltage profile value of 90.012 % and -9.438°
phase angle. Summary report of the power losses are contained in table 1. The simulation was repeated when 12 MW
solar power was integrated into the network as shown in figure 6. The values of power losses reduced from 156.7 kW,
1544.9 kVar to 54.6 kW and 102.4 kVar, while the phase angle and voltage profile improved to 4.44° and 100.12 %, in
line with the statutory voltage profile of 100+5%. The summary of branch losses report with integration PV System
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is shown in table 3.0. From the figure 6.0 and table 3, it can be observed the grid is operating in a stable condition.
Integration of 12 MW PV system reduced losses and enhanced voltage profile of the critical buses in the grid.

CONCLUSION

The load flow investigation of 33/11 kV Nsukka electricity distribution network was performed with Newton Raphson
technique and simulated using Electrical Transient Analyzer Program (ETAP). The voltage profile value of 90.012 %
and -9.438° phase angle obtained from initial results confirmed that the entire network is in critical state thus,
required reinforcement. The simulation was repeated when 12 MW solar power was integrated to the grid. Power
losses values reduced from 156.7 kW, 1544.9 kVar to 54.6 kW and 102.4 kVar, while the phase angle and voltage
profile improved to 4.44° and 100.12 %, in line with the statutory voltage profile of 100+£5%. It can be inferred that
incorporation of 12mw PV system into Nsukka electricity distribution network maintained statutory voltage profile
of 100+5% and guaranteed power system security.
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