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ABSTRACT 

The principle of implementing Single Wire Earth Return System in power 

distribution was explained in this paper. The conditions which favour the use of 

this distribution system were discussed. The basic electrical equipment 

necessary for implementing this system were mentioned. The features of the 

transformers needed for this type of distribution were discussed. A detailed 

circuit diagram of single wire earth return system was illustrated and 

explained. The advantages and set backs of this system of power distribution 

were enumerated. The author emphases the need for employing Single Wire 

Earth Return System in the developing countries as its aids fast connection of 

the rural communities to the grid. The comparion between the conventional grid 

and single wire earth return system was carried out which revealed that single 

wire earth return system uses lesser electrical conductor for its transmission 

hence less expensive. The author also found out that Single Wire Earth Return 

System is a means of improving socio-economic activities in the rural 

communities where the conventional grid system cannot be reached. The author 

concluded by stating the need to embrace the use of Single Wire Earth Return 

System. Apart from rural electrification, the author stated other areas where 

Single Wire Earth Return System is useful. Recommendation were giving on the 

nature of soil where the earth electrode should be installed and how best to 

improve Single Wire Earth Return System [SWER] output voltage. 
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INTRODUCTION  

One method of providing electrical power in remote rural areas is the Single 

Wire Earth Return System (Franklin Electric 2004). 
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Single Wire Earth Return (SWER) system is an electrical power distribution 

method where single wire transmission line supplies single phase electrical 

power from the grid to rural or remote areas or isolated loads such as water 

pump, small farm processing centre among other at a low cost. This 

transmission method does not need second wire (conductor) rather the earth is 

used as te return path for the current.  

It makes use of one isolation transformer and a number of distribution 

transformers. It enables extension of grid to the rural and isolated load at a 

reduced lost. It is equally safe, reliable and less costly when compared with the 

conventional Power line. Single wire earth return distribution system 

accelerates socio-economic development as it enables dwellers of such rural 

areas to make use of electrical and electronic gadgets, also it facilitates the 

springing up of small businesses in such areas. Hence it helps to reduce poverty. 

The main barrier to rural electrification is the extremely high cost of grid 

connection particularly using conventional stardands (Owen E.L 1998). Most 

distribution standands are economically unviable for rural areas which have low 

load densities and small scattered loads (Geofrey BakkaBuhndi 2012). These 

points makes single Wire Earth Return system a viable means of power 

distribution or extensive to the rural areas. The ability of single Wire Earth 

Return (SWER) distribution systems to provide electricity cost- effectively over 

a long distance to sparsely populated rural areas is well recognized in several 

counries worldwide (Geofrey B 2012). 

 

SINGLE WIRE EARTH RETURN (SWER) SYSTEM PRINCIPLE  

As stated earlier, it 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 return path. It is supplied by a step-down isolating 

transformer rating between the range 200KVA to 300KVA. The transformer 

isolates the grid from ground or earth and changes the grid voltage (typically 

33KV Line to line) to the Single Wire Earth Return Voltage (typically 19 KV 

line to earth). It can be stepped-down from 22KV to 12.7KV. Also, it can be 

from 11KV to 6.33KV (Balwinder S. S 1972). The stepping-down of 33KV to 

19KV is all about the transformers turn ratio, as determined by the transformer 

designer. From the secondary of the step-down isolation transformer, only a 
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single wire will be transmitted to the numbers of local distribution transformer 

along its length.  

In Single Wire Earth Return System, current flows from the line through the 

primary coil of a step-down isolation transformer to earth through the earth path, 

and from the earth path current eventually finds its way back to the main step-

up transformer at the head of the line hence completing the circuit. By this 

description step-down isolation transformer is a complete circuit on its own and 

at the same time acting as conductor connecting another circuit in the 

distribution transformer.  

The Earth rod should be extra deep installed to prevent energy wastage that can 

result from high resistance of the soil. Another way to prevent the effect of high 

resistance of the soil is to add charcoal and salt to the soil or keep the 

surrounding soil of the earth electrode wet always (Gupta J.B 2006). If the soil 

resistance is high enough that insufficient current flows into the earth neutral, it 

causes the earth rod to float to higher voltage. Note, self-setting circuit breaker, 

reset due to difference in voltage between line and neutral, the reduced 

difference in voltage between line and neutral  caused by the soil high resistance 

may prevent breakers from resetting.  

The connection to the customers from the local distribution transformer is either 

single phase (N-O) or split phase (N-O-N) according the appliance voltage in 

use. The O volt is in place for safety which carries no operating current.  

 

ELECTRICAL EQUIPMENT (MATERIALS) NEEDED FOR SINGLE 

WIRE EARTH RETURN (SWER). 

The equipment needed for Single Wire Earth Return distribution systems are: 

i. A step-down isolation transformer: the function of this transformer is to 

reduce the voltage from 33kv to 19kv, or 22kv to 12.7kv, or IIKV to 

6.33KV as the case may be. The suitable power rating for this 

transformer is between 200KVA to 300KVA the only transmission line 

will be taken from this transformer while it will also be earthed at the 

output.  

ii. A number of local distribution transformer: The consumer are connected 

through this transformers. It steps down the voltage from 12.7KV or 

1KV or 6.33KV to either 240V or 110V depending on the region’s 

appliance voltage adopted. 
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iii. Poles: The transmission distance will determine the numbers of poles to 

be used. It is the support on which the only conductor is transmitted to 

the local distributor transformer. Poles are used to connect the consumers 

through the service cables.  

iv. Conductors: current flows through the conductors. The longer the 

transmission, the higher the power loss (I2R) 

v. Earthling: this provides the returning path in Single Wire Earth Return 

(SWER). Also, it serves as the protector for the system. It must be 

installed properly. 

vi. Fuses: these are installed to provide protection for the Single Wire Earth 

Return (SWER) circuit. 

vii. Surge diverter (lightning arrester): It is a protective device to protect the 

transformers. 

viii. Recloser: installed to isolate the circuit during work in the Single Wire 

Earth Return (SWER) System. 

 

SINGLE WIRE EARTH RETURN (SWER) SYSTEM’S CIRCUIT 

DIAGRAM AND EXPLANATION (METHODS) 
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Source:  Wikipedia, the free encyclopedia 

Fig 1. Single wire earth return power distribution diagram. 
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The step down isolation transformer is supplied from 11kv (line to line) 

transmission line and stepped down to 633kv by the transformer. Usually, fuses 

are put in place at the lines where the isolation transformer is to be connected 

to the 11kv line for the protection of the transformer. 

The output of the isolation transformer is earthed to complete the circuit only 

one conductor will be transmitted to the local distribution transformer while the 

other will be earthed. Only one transmission line (6.33kv line) can supply a 

number of local distribution transformers. Hence, SWER is an example of 

phantom circuit. The local distribution transformers must be earthed separately 

because single wire earth return system is completed with the earthing system 

as there is no other transmission line acting as natural line. Both the surge 

arrester and High rupturing capacity (HRC) fuse are protective device 

protecting the transformer. The earthing system must be properly installed with 

all favourable conditions. The soil around the earth electrode must be moist 

always as dryness can result to accident (fire). The consumers are supplied 

either single plate (240V – OV) or split place (240V – OV – 240V). 

 

ADVANTAGES AND SETBACKS OF SINGLE WIRE EARTH RETURN 

(SWER) SYSTEM. 

The advantages are as follows: 

i) It reduces cost of distribution as fewer number of poles are used, 

fewer switching devices are used and fewer protection device are 

involved.      

ii) Reduced maintenance cost. 

iii) Its construction is faster when compared to 2-wire or 3-wire system. 

iv) No load balance problem as in case of  3-phase supply. 

v) Line to line fault is avoided. 

vi) Extension   and upgrading is simple and easy.  

The setbacks are as follows: 

I) Voltage drops as load increases more than in a conventional system 

(Da` silva I .P, Mugisha P, Simonis P, Turyahikayo G .R 

2001).SWER lines tend to be long with high impedance, so the 

voltage drop along the line is often a problem causing poor regulation 

. Variation demand causes variation in the delivered voltage.  
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II) Where telephone lines are available, it creates interference similar to 

2-wire single phase line worse than 3-phase line.  

III) A single –point failure in SWER causes all customers to lose power 

supply. 

 

CONCLUSION 

The fact that single wire Earth Return system is cost effective for rural 

electrification and isolated loads its implementation in developing countries 

should be embraced. It is a distribution system that improves socio- economic 

activities in the rural and small communities as it allows the extension of grid 

lines to these communities at a reduced cost and time. Hence SWER 

implementation helps to reduce rural-urban migration. 

 

RECOMMENDATION 

The following recommendations are suggested for better performance of Single 

Wire Earth Return (SWER) distribution system. 

i. To cater for the variation in the voltage, installation of automatic variable 

transformer should be provided at consumer’s sites to keep the voltage 

within specified range. 

ii. Single Wire Earth Return (SWER) lines should be transmitted distance 

away from telephone lines so that interference can be avoided.  

iii. In order to reduce open circuit which may result from the transmission 

lines failure, the conductors should be made of good material and the 

design should take care of the anticipated load so that the conductors 

should not be over loaded. 

iv. Research should be intensified on how to produce better materials for the 

implantation of SWER materials especially the automatic voltage 

transformer and the transmission conductors. 

v. The earth electrode must be installed in wet/moist soil to improve SWER 

performance. 
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