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1. Introduction 

Power quality problems have become an important issue for electricity consumers at all levels of usage. The 

deregulation of electric power has boosted public awareness of power quality among the different categories 

of users. The power quality problems have a negative impact on customers - industrial, commercial and even 

residential such as reduced equipment lifespan and performance, low productivity and quality, increased 

energy consumption and cost, malfunction of sensitive equipment and higher safety risks. Power quality 

problems commonly encountered in electrical power systems include voltage sags, voltage swells, transients, 

harmonics, and voltage flicker (Raghayendra & Vijay, 2015). Among these disturbances, voltage sags and 

swells are important concerns in distribution systems because they cause deviations in supply voltage that 

may affect the performance, reliability, and proper functioning of sensitive electrical equipment (Bollen, 

1999; Institute of Electrical and Electronics Engineers [IEEE], 2019). 

 Voltage swells are generally less frequent than voltage sags in electrical distribution systems. They may 

occur when large inductive loads are switched off or when large capacitor banks are energised (Bollen, 

1999; IEEE, 2019). Voltage sags, on the other hand, are significant power-quality disturbances because 

sensitive electrical equipment may malfunction when the supply voltage temporarily decreases. A voltage 

sag is characterised by a reduction in the root-mean-square (RMS) voltage, with or without a phase-angle 

shift, followed by recovery to its normal value. Common causes include short-circuit faults and the starting 

of large induction motors, which draw high currents and produce voltage drops across the impedance of the 

distribution network (Bollen, 1999). Despite their short duration, voltage sags can interrupt industrial 

processes and affect the operation of sensitive electronic equipment and control systems (Bollen, 1999; 

IEEE, 2019). 

The compensating custom power devices are used for active filtering, load balancing, power factor 

improvement, and voltage regulating (sag/ swell) (Kailash and Deepak, 2020). These devices are mainly 
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three types: static shunt compensator, series compensator, and hybrid compensator, also called Distribution 

Static Synchronous Compensator (DSTATCOM), dynamic voltage restorer (DVR) and Unified Power-

Quality Conditioner (UPQC), respectively. Each of which has its own benefits and limitations (Eyad, 2014). 

The DVR is considered the better solution among all the compensating custom devices in mitigating the 

voltage sag and swell due to its high performance, capacity to manage the active power flow, high energy 

capacity, small size and lower cost compared to DSTATCOM and UPQC. In addition, DVR also has 

functions such as reactive power compensation and harmonic compensation (Muhammed et al., 2021). 

This work investigated the performance of DVR in improving the Impact of Non-Linear Loads on the 

Katampe-Wuse II 33 kV power distribution system. The single-line diagram of the Katampe-Wuse II 33KV 

power distribution system is shown in Figure 1 below.  

 
Figure 1: Single line diagram of Katampe-Wuse II 33KV power distribution system 

 

2. Materials and Methods 

The materials required to carry out this research work are a desktop or laptop Computer, MATLAB 

Software, the IEEE test standard and the parameters of the system, which include: source voltage, Source, 

line impedance, Grid frequency, linear load, non-linear load, power factor, operating target power factor, 

inductor and capacitor, DC-link source voltage and switching frequency.   

Based on the theory of the DVR system, the DVR was developed and simulated using MATLAB software. 

The simulation was implemented on the Katampe-Wuse II 33 kV power distribution system without a DVR. 

Secondly, the simulation was implemented with the installation of a control DVR. The modelling and 

simulation of the Katampe-Wuse II 33KV Power Distribution System was carried out on MATLAB 

Graphical User Interface (GUI) and operated under both linear and non-linear loads. The parameters used for 

the simulation were obtained from the AEDC distribution network with respect to the Katampe 33kV feeder. 

This feeder links Wuse II, Abuja, to the AEDC distribution network. The output of each simulation was 

presented as the distribution system under load compensation, with a DVR connected to the 

distribution system. 

 

3. Results 

The parameters used for the simulation were obtained from the AEDC distribution network with respect to 

the Katampe 33kV feeder. This feeder links Wuse II, Abuja, on the AEDC distribution network. This feeder 

was taken to represent a real scenario of using a dynamic voltage restorer (DVR) in this study. The system 

parameters are shown in Plate I. 

https://journals.pafacademicpublishers.com/jfebtr
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Plate I: Input parameters of Katampe-Wuse II Feeder 

Table 1 contains the feeder input parameters of Katampe-Wuse II 33KV; Table 3 contains DVR stimulation 

parameters.  

Table 1: Feeder Input Parameters  

Parameters Value 

Effective load Power (P) 26.2 MW 

Vline  (V) 33 KV 

Operating Frequency (F) 50 Hz 

Time of operation (s) 3600s 

Power Factor  0.85 

Targeting Power Factor  0.92 

 

The feeder simulation revealed that the feeder line had the following outcome in Table 2, as indicated in 

Plate II. 

 

Table 2: The simulation outcome of load effect on Katampe-Wuse II Line 

Parameters Value 

Load capacitance power (𝑃𝑐) 32.02 KVAr 

Design value of apparent power (𝑃𝑎1) 30.1 MVA 

Operating value of apparent power (𝑃𝑎2) 20.9 MVA 

Design value of current (𝐼1) 539.3 A 

Operating value of current  (𝐼2) 498.3 A 

Reduction in power loss (𝑅𝑝) 14.6% 

Design value of power factor angle  (𝜃1)  31.8o 

Operating value of power factor angle  (𝜃2)  23.1o 

Design value of resistance (𝑅1) 61.2 Ω 

Operating value of resistance (𝑅2) 66. 2 Ω 

Design value of total line impedance (𝑍)  3.7 K Ω 

Operating value of total line impedance (𝑍)  5 K Ω 

Design value of reactive power  50 kVAR 

Operating value of reactive power  67 kVAR 

The effective load power on the link between Katampe and Wuse II was 26.2 MW, and this feeder carried a 

non-linear sensitivity of 2MW according to the network engineer of the distribution system. The simulation 

revealed that there is a power reduction of 14.6 % on the Katampe-Wuse II Line, which was compensated 

using a dynamic voltage restorer (DVR) to improve power efficiency in the Katampe-Wuse II Line. The 

distance covered by the distribution line is 10km on a 33 kV distribution line. The line experienced initial 

current flow. (𝐼1) was 539.3 A based on a 0.85 power factor and was compensated to a 0.92 power factor 
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when the final current flow (𝐼2) was 498.2 A. The apparent load before compensation (𝑃𝑎1) is 30.1MVA as 

obtained in Table 2. This procedure will help to determine the type of DVR injection transformer to be 

adopted based on the factor of safety (FOS). 

Plate II: Simulation Output 

Analysis of DVR Performance  

The DVR was installed on the Katampe-Wuse II feeder operating at 33kV with the following input 

simulation parameters shown in Table 3.  

Table 3: DVR Simulation Parameters 

Parameters Value 

Injection Transformer power, 𝑃𝑖𝑛𝑗(𝐹𝑂𝑆) 5.5 MVA 

VDC 19.05 kV 

Factor of Safety (FOS)   1.25 

Filter inductance 1 𝜇H 

Filter capacitance 0.5 F 

Filter Resistance  1 m Ω 

Switch frequency 5 kHz 

Sensitive or non-linear load   25 kW 

 

The present study selected a factor of safety (FOS) of 25%, while power reduction in the distribution system 

was 14.6%. Therefore, only a transformer with 14.6% of 30.1 MVA was selected as the DVR injection 

transformer with 25% FOS, and it is calculated as: 

Power of injection transformer (𝑃𝑖𝑛𝑗) = 𝑅𝑝 ∗ 𝑃𝑎2 = 0.146 ∗ 30.1 = 4.4 MVA 

Power of injection transformer on FOS 𝑃𝑖𝑛𝑗(𝐹𝑂𝑆) = 𝐹𝑂𝑆 ∗ 𝑃𝑖𝑛𝑗 = 4.4 ∗  1.25 = 5.5 MVA 

The simulation showed that the effective voltage supply obtained from the DVR using the PQ-Clarke 

transform is 1.7 pV, 0.5298 kV, and 32.99 kV in V(o, α,β) phases, respectively, as shown in Table 4.  

https://journals.pafacademicpublishers.com/jfebtr
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Table 4: DVR Simulation Output 

Parameters Value 

DC power source, 𝑷𝑫𝒄 5.06 MJ 

DC link capacitance  0.0279 F 

DC- V(a,b,c)  0.043326; 23.5447; 23.5447 kV respectively  

PQ- Clarke V(o, α,β) 1.7 pV, 0.5298 kV; -32.99 kV, respectively  

PQ- Clarke I(o, α,β) 3.9 kA, 5.5 kA; -117.19 A, respectively  

 

4. Discussion of Results 

The effective load power on the link between Katampe and Wuse II was 26.2 MW, and this feeder carried a 

non-linear sensitivity of 2MW. The distance covered by the distribution line is 10km on a 33 kV distribution 

line. The line experienced initial current flow (𝐼1) was 539.3 A based on a 0.85 power factor and was 

compensated to a 0.92 power factor when the final current flow (𝐼2) was 498.2A. The apparent load before 

compensation (𝑃𝑎1) is 30.1 MVA, while the apparent power after compensation (Pa2) is 20.9 MVA. The 

reactive power before load compensation is 50 kVAR, while the reactive power after compensation is 

67kVAR. The simulation revealed that there is a power reduction of 14.6 % on the Katampe-Wuse II Line, 

which was compensated using a dynamic voltage restorer (DVR) to improve power efficiency in the 

Katampe-Wuse II Line.   

The simulation showed that the effective voltage supply obtained from the DVR using the PQ-Clarke 

transform is 1.7 fV, 0.5298 kV; 32.99 kV in V(o, α,β) phases, respectively and 3.9 kA, 5.5 kA; 117.19A in 

I(o, α,β)  respectively. A current or voltage unbalance between phases in magnitude gives rise to negative- 

and zero-sequence components, causing negative- and zero-sequence current to flow. According to IEEE, 

voltage unbalance can be measured as the ratio of the negative-sequence to the positive-sequence 

component. Hence, the designed DVR inject a voltage imbalance into the distribution system. The voltage 

delivered by the PQ Clarke, Vα, was 0.5298 kV by the DVR into the distribution system, and this is referred 

to as the reference voltage by the DVR itself.    

     

5. Conclusions  

This work critically examined the performance of a DVR using a self-tuning filter on the Katampe-Wuse II 

distribution system. The study revealed the following conclusions: The impact of non-linear sensitive loads 

of 2 MW reduces the power on the Katampe-Wuse II distribution system by 14.6%, which the DVR is used 

to compensate for.  

The voltage delivered by the PQ Clarke, Vα, was 0.5298 kV by the DVR injected into the Katampe-Wuse II 

distribution system, and this is referred to as the reference voltage by the DVR itself.        

6. Recommendations   

Based on the findings, the following recommendations were drawn:  

i. Mitigation of voltage disturbances in the distribution system requires the use of a dynamic voltage 

restorer. There is a need for proper sizing of the DVR components such as injection transformer, 

filter parameters like capacitor, inductor and resistor.  

ii. The control system must be designed to detect voltage disturbances until desired harmonic responses 

are achieved. 
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