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ABSRTACT 

 

This paper presents an advanced approach for improving power quality in renewable energy-based 

distributed generation (DG) systems by integrating a Distributed Power Flow Controller (DPFC). The 

proposed hybrid system, combining solar and wind sources, faces challenges like voltage sags, current 

swells, and harmonic distortion. A DPFC is introduced to mitigate these disturbances. The simulation, 

performed using MATLAB/Simulink, demonstrates the system's ability to stabilize voltage, regulate current, 

and reduce Total Harmonic Distortion (THD). The results highlight the effectiveness of DPFC in enhancing 

system reliability, making it suitable for smart grid applications. 
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I. INTRODUCTION 

Modern power systems are witnessing a surge in renewable energy integration. Solar and wind sources 

are clean but inherently unstable, leading to frequent power quality issues like voltage fluctuations and 

harmonic distortions. Such problems can damage sensitive equipment and reduce system efficiency. 

FACTS devices, especially the Distributed Power Flow Controller (DPFC), offer robust solutions for these 

challenges. Unlike the Unified Power Flow Controller (UPFC), the DPFC uses separate series and shunt 

converters, enabling power flow control without a common DC link. This unique configuration facilitates 

better flexibility, cost reduction, and increased modularity. 

This study explores the application of DPFC in a hybrid renewable energy setup. The system is analyzed 

under dynamic conditions, with simulations validating its ability to maintain power quality and enhance grid 

performance. 
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II. DPFC OVERVIEW 

The Distributed Power Flow Controller (DPFC) is a smart device used to control power flow in electrical 

systems. It works by using separate shunt and series converters, which operate independently. This setup 

avoids the need for a common DC link and helps lower system costs. The DPFC transfers active power 

using third-harmonic currents through the same transmission line used for main power flow. This approach 

is simple, effective, and useful in systems powered by renewable energy, where maintaining stable voltage 

and current is important. 

 
Figure 1: Shows Configuration of DPFC 

The DPFC architecture includes: 

• Shunt Converter: Injects or absorbs reactive power similar to a STATCOM. 

• Series Converters: Low-power, single-phase converters distributed along the transmission line. 

• Third Harmonic Power Exchange: Active power is exchanged through the transmission line using 

third-harmonic signals, eliminating the need for a DC link. 

    This design allows the DPFC to manage voltage magnitude, phase angle, and line impedance 

independently. It improves operational flexibility, reduces costs, and enhances power transfer capability. 

 

III. CONTROL STRATEGY 

 

 The DPFC employs four main control loops: 

A. Central Control: 

The central controller oversees both the series and shunt controllers, providing reference signals to each. 

B. Series Control: 

Each single-phase series converter in the DPFC system is controlled independently through the 

transmission line. The input signals to the controller include the capacitor voltage across the series 

converter, the transmission line current, and the fundamental reference voltage expressed in the rotating 

dq-frame. The dq-frame voltage components are given by: 

Vdcosωt   (1) 
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Vqsinωt                     (2) 

The reference voltage corresponding to the fundamental component is: 

Vref1 = Vdcosωt + Vqsin ωt    (3) 
 

An error signal is calculated based on the difference between the desired and measured DC capacitor 

voltage: 

Vdcse=Vref,dc-Vdc (4) 

Thereferencevoltageinthirdharmoniccomponentis given by, 

Vref,3=Vdc,se.sin3ωt (5) 

The total output reference voltage applied to the series converter is: 

Vref= Vref,1+ Vref,3 (6) 

C.Shunt Control: 

The shunt converter in the DPFC system comprises a three-phase converter connected in a back-to-back 

configuration with a single-phase converter. Operating at the fundamental frequency, the three-phase unit 

draws active power from the grid and maintains the DC link voltage across the shared capacitor between 

the two converters. 

In the control strategy, the voltage references are defined in the rotating dq-frame as VdrefandVqref. These 

are converted into the abc-frame using Park’s transformation as follows: 

Va=Vdrefsinωt+Vqrefcosωt+Vo    (7) 

Vb=Vdrefsin(ωt–120)+Vqrefcos(ωt–120)+Vo  (8) 

Vc= Vdrefsin(ωt+ 120)+ Vqrefcos(ωt+120) +Vo  (9) 

Pulse Width Modulation (PWM) is used to generate the gate signals for the shunt converter based on these 

transformed voltages. 

D.Third Harmonic Control: 

 The third harmonic control circuit is designed to generate harmonic components by converting the 

fundamental frequency into its third harmonic counterpart. This is accomplished by tripling the angular 

frequency. The voltage components in the dq₀ reference frame are given by: 

Vd=Vαcos3ωt+ Vβsin3ωt   (10) 

Vq=Vβcos3ωt- Vα sin3ωt   (11) 

V0 = 0     (12) 
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The dq0 components are then converted to the abc reference frame through Park's transformation, utilizing 

the equations presented in (7), (8), and (9). For generating the gate pulses required for the third harmonic 

control circuit, the Pulse Width Modulation (PWM) technique is employed. This method plays a key role in 

controlling the switching operations of the system. 

Figure 2:Shows Structure for DPFC Control 

 

IV.ADVANTAGES AND LIMITATIONS 

Advantages: 

1. Improved Control: Independent control of voltage, impedance, and angle. 

2. Cost-Effective: Low-rated converters and no common DC link. 

3. Modular Design: Easier scalability and redundancy. 

4. Enhanced Power Quality: Effective in mitigating sags, swells, and harmonics. 

Limitations: 

1. Harmonic Injection: May slightly increase line losses. 

2. Complex Control: Requires advanced algorithms and synchronization. 

 

V. SIMULATION RESULTS 

The case study, considering sag and swell conditions, is applied to a single-machine infinite bus system, 

with the results of the analysis summarized below. To evaluate voltage dip, a three-phase fault is 

introduced near the system load. The fault duration is 0.5 seconds (500-1000 ms). During this fault period, 

a noticeable voltage sag occurs. The voltage sag reaches approximately 0.5 p.u. The DPFC effectively 

mitigates this voltage sag. 

 

Figure 3: Shows DPFC Simulated model 
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Voltage Sag Mitigation: Without DPFC, the voltage drops to 0.5 p.u. With DPFC, it remains near nominal 

level. 

 

Figure 4 & 5 : Shows Waveform for Three-phase load voltage sag & Mitigation of three-phase load voltage sag 

with DPFC 

Current Swell Reduction: DPFC effectively limits current rise during faults. 

 

Figure 6 & 7: Shows Waveform for Three-phase load currents well & Shows Mitigation of load currents well 

with DPFC 

THD Improvement: FFT analysis shows a drop in THD from 8.2% to 1.6% after deploying DPFC. 

 

Figure 8 & 9 : Shows THD for the load voltage before DPFC & THD for the load voltage after DPFC 

These results validate the ability of DPFC to maintain voltage and current stability and suppress harmonics 

under dynamic grid conditions. 
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VI.CONCLUSION 

 

The integration of a Distributed Power Flow Controller in a renewable energy-based DG system proves to 

be a promising solution for power quality enhancement. The DPFC effectively mitigates voltage sags, 

current swells, and harmonics. With its modular and cost-efficient structure, it can be a key enabler in 

future smart grids, especially where renewable penetration is high. 
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