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Also, over the years, with regards to power loss 
minimization and voltage profile enhancement in 
transmission lines, various conventional methods have been 
employed, including reactive power compensation, 
synchronous condensers, and tap-changing transformers. 
These methods focus on regulating reactive power to 
stabilize voltage levels. However, they have limitations, 
particularly when rapid and dynamic adjustments are 
needed. To address these challenges, Flexible AC 
Transmission Systems (FACTS) devices such as the 
Unified Power Flow Controller (UPFC) have been 
developed. UPFCs are capable of controlling both the 
magnitude and phase angle of voltage, allowing for more 
flexible and dynamic control of power flow in transmission 
lines [9,10]. When paired with a Fuzzy Logic Controller 
(FLC), the UPFC can respond quickly to changing 
conditions in the power system, improving voltage stability 
and reducing transmission losses. FLCs offer a distinct 
advantage due to their ability to handle uncertainty and 
non-linearities in system behavior, making them ideal for 
controlling UPFCs under varying load conditions [11,12].  
Accordingly, in this work, voltage profile enhancement and 
transmission line power loss minimization using Fuzzy 
Logic Controller (FLC)-based Unified Power Flow 
Controller (UPFC) is presented. The work focuses on 
employing a Fuzzy Logic Controller (FLC)-based UPFC 

for addressing the problems of voltage instability and high 
transmission losses on the Nigerian 330 kV, 28-bus 
transmission system. 

 
2. Method  

2.1    The system model 
This work focuses on employing a Fuzzy Logic 

Controller (FLC)-based UPFC for addressing the problems 
of voltage instability and high transmission losses on the 
Nigerian 330 kV, 28-bus transmission system. The 
objective is to improve the voltage profile across the 
network and minimize losses, thereby contributing to a 
more reliable and efficient power transmission system. The 
architecture for enhancing voltage profiles and minimizing 
losses in a transmission line through the integration of a 
Fuzzy Logic Controller (FLC) with a Unified Power Flow 
Controller (UPFC) is outlined in Figure 1. The architecture 
begins with the Transmission System Model, which 
includes the 28-bus 330 kV network and its components 
such as buses, transmission lines, and transformers. Data is 
collected and preprocessed to provide accurate input for the 
FLC, which employs a rule base with fuzzy sets and 
membership functions to interpret voltage deviations and 
loss conditions. The FLC generates control signals that are 
sent to the UPFC.  
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about six (6) UPFC were required to enhance the voltage 
profile and loss minimization. The six UPFC were installed 
at the following buses;  New Heaven (bus13), Onitsha (bus 
14), Gombe (bus 16), Jos (bus 19), Kaduna (bus 20), and 
Kano (bus 22). The results of the power flow analysis with 
the 6 UPFC inserted on the network with the use of Fuzzy 
logic controller are presented in Table 5, Table 6, Figure 
12, Figure 13, Figure 14, Figure 15, Figure 16, Figure 17, 
Figure 18 and Figure 19. The results showed that the 

introduction of the six UPFC improved the voltage profile, 
minimized the active power loss and reactive loss in the 
buses in the entire power transmission network. About 
mean voltage profile improvement of 2.85% was obtained 
as shown in Figure 13.  Also, mean active power loss 
improvement of 15.9% was obtained in scenario 3 as shown 
in Figure 15. Similarly, mean reactive power loss 
improvement of 40.9% was obtained in scenario 3 as shown 
in Figure 17.    

 
Table 5: The voltage profile,  the active and reactive power loss for the scenario 3 which is the case with six UPFC 

inserted on the network with the use of Fuzzy logic controller 
 

Bus 
Number 

Bus Name 
Voltage 

Magnitude for 
scenario 3 

Angle 
(degree) for 
scenario 3 

Active Power 
Loss (pu) for 

scenario 3 

Reactive Power 
Loss (pu) for 

scenario 3 
1 Egbin 1.000 0.000 0.01 0.001 
2 Delta IV 1.006 11.200 0.012 0.002 
3 Aja 1.047 -0.100 0.01 0.001 
4 Akangba 1.024 0.200 0.009 0.001 
5 Ikeja West 1.030 1.500 0.01 0.003 
6 Ajaokuta 1.048 5.900 0.01 0.004 
7 Aladja 1.045 9.900 0.012 0.003 
8 Benin 1.043 5.800 0.011 0.002 
9 Ayede 1.021 1.500 0.01 0.002 

10 Oshogbo 1.027 7.300 0.011 0.004 
11 Afam 1.050 9.900 0.013 0.004 
12 Alaoji 1.045 9.500 0.011 0.003 
13 New Heaven 0.950 2.200 0.015 0.006 
14 Onitsha 0.960 3.100 0.014 0.006 
15 Birnin Kebbi 1.050 13.300 0.012 0.005 
16 Gombe 0.950 2.900 0.015 0.007 
17 Jebba Gs 1.052 12.900 0.014 0.004 
18 Jebba TS 1.052 12.900 0.014 0.005 
19 Jos 0.950 9.600 0.015 0.009 
20 Kaduna 0.950 5.400 0.014 0.007 
21 Kainji 1.054 15.900 0.013 0.008 
22 Kano 0.950 1.300 0.012 0.003 
23 Shiroro 1.054 7.400 0.012 0.005 
24 Sapele 1.054 7.200 0.013 0.003 
25 Okpai 1.030 13.700 0.012 0.003 
26 Katampe 1.042 5.500 0.011 0.003 
27 Delta 1.044 25.500 0.01 0.003 
28 AES 1.048 2.600 0.013 0.003 

  Total Loss 0.338 0.110 
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Figure 12 Comparison of  Voltage Magnitude (p.u) for scenario 1 and scenario 3 

 

Figure 13 Percentage improvement in voltage profile (%) of scenario 3 over scenario 1 
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Table 6: Percentage improvement in active power and reactive power of scenario 3 over scenario 1 

Bus 
Number 

Active 
Power 
Loss 
(pu) 
with 

UPFC 
and 

Fuzzy 
Logic 

Active 
Power 
Loss 

(Pu) for 
Scenario 

1 

Percentage 
improvement in 

active power (%) 
of scenario 3 over 

scenario 1 

Reactive 
Power Loss 
(pu) with 

UPFC and 
Fuzzy Logic 

Reactive 
Power 
Loss 

(Pu) for 
Scenario 

1 

Percentage 
improvement 

in reactive 
power (%) of 

scenario 3 
over scenario 

1 

1 0.01 0.012 16.7 0.001 0.003 66.7 

2 0.012 0.015 20.0 0.002 0.005 60.0 

3 0.01 0.01 0.0 0.001 0.004 75.0 

4 0.009 0.009 0.0 0.001 0.003 66.7 

5 0.01 0.011 9.1 0.003 0.004 25.0 

6 0.01 0.013 23.1 0.004 0.006 33.3 

7 0.012 0.014 14.3 0.003 0.006 50.0 

8 0.011 0.011 0.0 0.002 0.005 60.0 

9 0.01 0.01 0.0 0.002 0.003 33.3 

10 0.011 0.012 8.3 0.004 0.005 20.0 

11 0.013 0.014 7.1 0.004 0.006 33.3 

12 0.011 0.013 15.4 0.003 0.005 40.0 

13 0.015 0.02 25.0 0.006 0.01 40.0 

14 0.014 0.018 22.2 0.006 0.009 33.3 

15 0.012 0.016 25.0 0.005 0.007 28.6 

16 0.015 0.021 28.6 0.007 0.011 36.4 

17 0.014 0.016 12.5 0.004 0.007 42.9 

18 0.014 0.016 12.5 0.005 0.007 28.6 

19 0.015 0.022 31.8 0.009 0.012 25.0 

20 0.014 0.019 26.3 0.007 0.01 30.0 

21 0.013 0.018 27.8 0.008 0.008 0.0 

22 0.012 0.02 40.0 0.003 0.01 70.0 

23 0.012 0.015 20.0 0.005 0.006 16.7 

24 0.013 0.015 13.3 0.003 0.006 50.0 

25 0.012 0.013 7.7 0.003 0.005 40.0 

26 0.011 0.012 8.3 0.003 0.005 40.0 

27 0.01 0.013 23.1 0.003 0.006 50.0 

28 0.013 0.014 7.1 0.003 0.006 50.0 

Mean 0.012 0.015 15.9  0.004 0.006 40.9 
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Figure 14 Comparison of the active power (%) of scenario 3 over scenario 1 

 

 

Figure 15 Percentage improvement in active power (%) of scenario 3 over scenario 1 
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Figure 16 Comparison of the reactive power (%) of scenario 3 over scenario 1 

 

 

Figure 17 Percentage improvement in reactive power (%) of scenario 3 over scenario 1 
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implication of this variation is that the choice or settings of 
the parameters used in the load flow analysis may have 
significant effect on the result. Therefore, there may be 
need to study the impact of the load flow parameters 
settings on the voltage profile of the buses. 

4. Conclusion 
Fuzzy Logic Controller (FLC)-based Unified 

Power Flow Controller (UPFC) for improvement of the 
voltage profile and also for the minimization of the power 
losses in transmission power network. The study utilized 
Newton-Raphson method to conduct the power flow 
analysis for the baseline case without the UPFC and also 
for the case where the FLC-based UPFC was installed on 
the transmission line. The results of the power flow analysis 
in terms of voltage magnitude and the active and reactive 
power losses were used to evaluate the effectiveness of the 
UPFC in enhancing the transmission line power delivery. In 
all, the results showed that the UPFC significantly 
improved both the voltage profile and the power loss 
minimization on the case study transmission line. 
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