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ABSTRACT 

 The demand for electrical energy in single-phase rural distribution grids has 

considerably increased in the last decades, both in agriculture and in livestock, mainly 

due to the increasing evolution and modernization of the technologies used, as well as the 

increase in the mechanization of production processes. It is possible to mention, for 

example, the automation of irrigation, as well as the postharvest agricultural processing 

involving seed selection and milling, ventilation and refrigeration, washing and 

packaging lines, among others. Within this context, there is an imminent trend of 

increasing energy demand in rural properties, as well as the need to improve power 

quality (PQ) enhancement due to the change in the characteristics of the loads. Our 

proposed concept deals with UPQC implementation to increase the Power Factor. For 

economic reasons, only EPDS with single-wire earth return are accessible to the 

consumer. Since the use of three-phase loads is increasing in these areas, access to a 

three-phase distribution system becomes preponderant. By adopting a dual compensation 

strategy, the proposed UPQC-1Ph-to-3Ph is able of draining from the single-phase 

electrical grid a sinusoidal current and in phase with the voltage, resulting high-power 

factor. Furthermore, the system is also able to suppress grid voltage harmonics, as well 

as to compensate for other disturbances, such as voltage sags. Thus, a 3P4W system with 

regulated, balanced, and sinusoidal voltages with low-harmonic contents is provided for 

single- and three-phase loads. An analysis of the power flow through the series and 

parallel converters is performed in order to aid the designing of the power converters. 

Experimental results are presented for validating the proposal, as well as evaluating the 

static and dynamic performances of the proposed topology. 
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1. INTRODUCTION 
              Many countries have extended rural areas with low population density. 

There are a number of different schemes to supply electrical power to rural areas, such as 

extension of the power grid (network), local diesel generation, renewable energies 

including photovoltaic, wind energy and small hydropower plants. Number of alternatives 

have also been developed to reduce the installation cost of electric power delivery to the 

rural areas namely; two-phase, single-phase with neutral and single wire earth return 

(SWER).  In remote areas of New Zealand and other countries like Africa, Brazil, Canada 

and the United States of America, rural electrification has been carried out by Single-wire 

earth return (SWER) or single-wire ground return.  

 

 
 

Fig 1.1 Rural Transmission Systems 

 

SWER is a single-wire transmission line which supplies single-phase electric power from 

an electrical grid to remote areas at low cost. Its distinguishing feature is that the earth (or 

sometimes a body of water) is used as the return path for the current, to avoid the need for 

a second wire (or neutral wire) to act as a return path. It also finds use for larger isolated 

loads such as water pumps, high-voltage direct current over submarine power cables and 

electric single-phase railway traction etc. 

SWER is a viable choice for a distribution system when conventional return current 

wiring would cost more than SWER’s isolation transformers and small power losses. 

Power engineers experienced with both SWER and conventional power lines rate SWER 

as equally safe, more reliable, less costly, but with slightly lower efficiency than 

conventional lines. SWER can cause fires when maintenance is poor, and bushfire is a 

risk.  

 

 
Fig 1.2 Basic SWER Configuration 
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Characteristics of SWER Lines: 

 

 SWER is promoted as safe due to isolation of the ground from both the generator 

and user. Most other electrical systems use a metallic neutral connected directly 

to the generator or a shared ground.  Separate grounds for power and safety are 

also used. Duplication of the ground points assures that the system is still safe. 

 SWER’s main advantage is its low cost. Capital costs are roughly 50% of an 

equivalent two-wire single-phase line and 30% of 3-wire three-phase systems. 

Maintenance costs are roughly 50% of an equivalent line. 

 SWER lines are highly reliable. It has fewer ground-fault circuit-breaker openings 

to interrupt service. 

 A well-designed SWER line can be substantially upgraded as demand grows 

without new poles. 

 

For years, the single-phase network alternatives have been successful to support the most 

of electrical rural loads. However, the recent mechanization and modernization of the 

technologies used in agricultural sector has required high capacity and quality 

improvements to the delivered energy in rural loads. In this way, there is demand for 

single phase - three-phase conversion and voltage regulation to support heavy loads. The 

Rural Electrification scheme is concerned with upgrading the Power Quality and making 

three phase supplies available to larger farms and rural businesses requiring it. 

 

2. PREVIOUS WORK 
 

Since 1998 many researchers have discussed the construction, operation and control 

strategies for UPQC in different ways. This literature survey includes few recent 

development, modeling and comparative analysis to maintain PQ distortions, SWER 

systems and topologies of various 1ph-to-3ph distribution systems.  

 

In 1998, Hideaki Fujita proposed a UPQC topology integrating the series and shunt APF 

for simultaneous compensation of voltage flickers, sag, unbalanced and current harmonic 

distortions, reactive power and negative sequence current. The instantaneous active and 

reactive power based control strategy was developed for the UPQC.[1] 

 

In 2005, N. Hosseinzadeh proposed a comparative analysis of various ways by which 

SWER systems may be upgraded comparing the limits and economic costs of 

deployment. An existing overloaded SWER system, Mistake Creek North in Central 

Queensland, Australia, has been used as a concrete example by which appropriateness of 

various methods and recommendations are made.[2] 

 

In 2007, P. J. Wolf presented a capacity enhancement method for rural distribution 

systems using SWER lines. The  fixed  shunt reactors are replaced  with  controlled 

reactors  to increase  the  capacity  of  SWER systems.  From the results, it is proved that 

the placement of the reactor on the low voltage side of a conventional transformer   

allows   control   to   be   achieved   cheaply   with   thyristors   or   contactors. [3] 

 

In 2013, Vinod Khadkikar developed a new control scheme of the UPQC along with 

power angle control (PAC) introduced in the load voltage. This scheme shares the load 

reactive power demand by both series APF and shunt APF. It also helps to reduce the 

rating of the shunt APF thereby reducing the cost of the UPQC. The scheme resulted in 

better compensation of PQ distortions. [4] 

 

In 2007, Francisco de la Rosa and Sioe T. Mak has made an analysis on steady-state and 

transient performance of Power lines integrating with  SWER system. The SWER system 
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represent a convenient alternative for lengths below 300 km in utilities serving low 

population density areas. [5] 

 

In 2011, Ahmet Teke proposed a reference signal generation method for UPQC to 

compensate voltage and current related PQ distortions for sensitive loads. Controllers 

based on enhanced phase lock loop and nonlinear adaptive filters were developed. The 

fuzzy logic controller was used in the DC link voltage control strategy and also a fast 

sag/swell detection method was presented [6]. 

 

In 2012, Vinod Khadkikar presented a comprehensive review on the UPQC to enhance 

the power quality in the distribution system. The study presented an overview of various 

system configurations i.e., single phase system (two-wire) and three-phase systems 

(three-wire and four-wire), different compensation approaches and recent developments 

in the field of UPQC. [7] 

 

In 2012, Alex Guinane presented the impacts of varying photovoltaic penetration levels 

on different SWER networks. Voltage fluctuation, voltage management, harmonic 

distortion, demand management, and load rejection are the major potential issues 

concerned  in this system for the application of photovoltaic in Single Wire Earth Return 

(SWER) network. The results revealed that the voltage rises across the network would 

exceed regulatory standards with the high penetration of PV in SWER networks. [8] 

 

In 2004, Maria D. Bellar developed two topologies of Single-Phase Static Converters for 

Rural Distribution System, a three-leg PWM-VSI with split DC link capacitors and a 

four-leg PWM-VSI. The design and performance analysis showed that both systems are 

capable to spply single and three phase loads, even during voltage sag occurrence. In both 

cases, the fundamental current is approximately in-phase with the input voltage and 

power factor control is achieved. [9] 

In 2012, E. C. dos Santos and Nady Rocha proposed a new Single-phase to Three-phase 

AC-DC-AC Power Conversion System with parallel rectifier and series inverter to cope 

with single-phase to three-phase asymmetry. It guarantees both reduction in the input 

current processed by rectifier circuit (due to the parallel connection) and reduction of the 

output voltage processed by each inverter.[10] 

 

In 2014, Rafael Z. Scapini and Cassiano Rech proposed a Single phase distribution static 

synchronous compensator (D-STATCOM) integrated to 1ph-to-3ph converter. These 

static converters associates a high performance control structure to provide three-phase 

supply from a single-phase grid and, simultaneously, improve the single phase main 

voltage levels through a reactive compensation. its ability to process reactive power 

allows to compensate the grid voltage amplitude or correct the power factor at the single-

phase network. [11] 

 

In 2015, Nady Rocha proposed two topologies of single phase to three phase converter 

(5L &4L) using single/ double carrier PWM technique has been developed with better 

DC link voltage, reduced rectifier current, and power losses. It also reduces harmonic 

distortion on the utility grid when the interleaved technique is used. The parallel 

converters developed were a promising solution for 1p-to-3p conversion systems due to 

the reduction of switch currents of the rectifier and irregular distribution of power losses 

among rectifier and inverter switches. The converter with double-carrier PWM  provides 

a reduction in total power losses, unity power factor and null circulating current  

compared with other conventional configurations. [12]   

 

The proposed system deals with the three-phase four-wire (3P4W) electrical power 

distribution system (EPDS), using a single- to three-phase unified power quality 

conditioner (UPQC) topology. The topology can be implemented in rural or remote areas 
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in which, for economic reasons, only EPDS with single-wire earth return are accessible to 

the consumer. Since the requirement of three-phase loads is increasing in rural areas, 

access to a three-phase distribution system becomes important. This system provides 

regulated, balanced, and sinusoidal voltages with low-harmonic contents to single- and 

three-phase loads. 

 

3. DESIGN METHODOLOGY 

 
The block diagram of single phase to three-phase Unified Power Quality Conditioner 

for single earth wire returns is shown below in Fig.3.3. The existing system 

(mentioned in section 3.2) uses only a half-bridge inverter to compose the series 

converter, while in the proposed system; a full bridge inverter is used. The existing 

topology uses only one leg compared to the new topology. The dc-bus is formed by 

the split capacitor configuration allows access to the earthed return conductor of the 

load and SWER distribution systems. The four wires of the load are connected to the 

dc-bus central point. 

 

 
 

 

 

 

Fig 1.3 : Proposed Block Diagram 

 

Construction:  

 

The circuit configuration of three-phase UPQC is shown below. The key components 

are elaborated. The UPQC was constructed from two voltage source inverters, DC 

link capacitor, three single-phase coupling transformers and interfacing impedances. 

The DC link of the two voltage source inverters were connected back to back with a 

common DC link capacitor.  

 

 
Fig 1.4 Proposed Circuit Diagram 

 

One voltage source inverter (VSI) was connected in series with the source through 

coupling transformers via., series interfacing impedance. This was named as series 

SINGLE 

PHASE 

SUPPLY 

SERIES TRANSFORMER PWM DC-AC 

CONVERTER 

 

LC FILTER 

SINGLE & THREE 

PHASE LOADS 
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VSI. Another VSI was connected in parallel between the coupling transformer and 

load impedance through shunt interfacing impedance known as shunt VSI.  

 

The circuit configuration of the new proposed system is shown below: 
 

Operating Principle of  UPQC  
 

The compensation of PQ distortions using UPQC by the operation of shunt APF and 

series APF under different operating conditions is explained below through the 

operation of shunt APF and series APF. 

 

 Operating Principle of Shunt Part of the UPQC  

The shunt VSI in the UPQC is realized as shunt APF and is applied to solve the 

current related PQ distortions current harmonic distortion, reactive power demand, 

unbalanced loads. The configuration of shunt APF in the UPQC is shown in Fig 3.5. 

 

 
Fig 1.5 Shunt Part of UPQC 

 

4. HARDWARE IMPLEMENTATION 
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