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Abstract— In transmitting power, energy losses both technical 

and non-technical occur within the substations and should always 

be monitored. In this paper, energy loss assessment is carried out 

in detail using Statistical data collected for two months from all 

substations under Onitsha 330/132KV transmission substation. 

In all six substations, statistical data were collected; analysed 

then energy loss and average energy loss for the month of 

January and February, 2016 were calculated to be -0.03% and 

0.14% respectively which was used to determine how efficient 

and effective Onitsha 330/132kV transmission substation was 

transmitting and distributing power during the period. Graphs 

were plotted using MATCAD to show the percentage of energy 

loss and effect of station service on energy loss for two months. 

Probable observed problems where pointed out and suggestions 

were given to reduce losses and to improve system efficiency.  

Index Terms Energy loss, Transmission substation, 

Transmission loss, MATCAD, Station service 

I. INTRODUCTION

Electrical energy is the most important form of energy to 

modern day lifestyle [1]. Electrical energy can be generated 

through conventional and non-conventional means at the best 

and various locations connected through transmission lines. It 

is transmitted from long distance to load centres at high 

voltage using transmission lines and stepped down to a 

medium and low voltage level for distribution and consumers 

respectively. Total system energy loss indicates how 

effectively and efficiently a power system is transmitting 

power to its consumers [2]. Hence it has become one of the 

indices for key performance in the power industry. Technical 

losses represent an economic loss for the country and its 

optimization should be performed from country’s perspective, 

regardless of institutional organisation of the sector and 

ownership of operating electricity utilities [3]. Most losses are 

caused by the technical loss as the non-technical loss is 

negligible in a transmission substation [2]. A transmission 

substation steps down extra high and high voltage to medium 

voltage at a very reliable, safe and efficient means. It consists 

majorly of transformers and switchgears. Transmission losses 

are losses that occur in transformers, switchgear contacts, 

transmission lines and reactors. Transmission loss is therefore 

the difference between the energy received from generating 

station and delivered to distribution stations [4]. It is the 

amount of energy units not accounted for in terms of monetary 

value. Energy meters are installed on feeders and transformers 

to monitor the energy consumed by consumers. These energy 

meters are not the usual prepaid energy meters we use at 

homes they are called maximum demand energy meters (MD). 

The energy meter gives real time of energy consumption on 

feeders and transformers. Therefore, the energy at different 

feeders and transformers are known and compared within the 

substation and the energy loss is determined. 

A. FORMS OF TRANSMISSION LOSSES

Energy losses in a power system are attributed to various 

causes at the generating stations, transmission substation 

and the distribution substation.       Transmission loss = 

{Energy received  (MWH) - Energy distributed at the 

feeders in (MWH)}   (1.1) 

Energy received (MWH)                     [4]    

The various forms of losses are as follows; 

 Losses from generating stations

1. Inappropriate location of billing meters

2. Generating station auxiliary services supplied from

transmission stations

 Losses from transmission station

1. Transmission line losses due to energy dissipated as

heat on conductors.

2. Transformer losses which comprises of core loss

(Eddy current loss and Hysteresis loss, copper loss

(I2R) in the winding of the transformer).

3. Losses from reactor and other voltage control

equipment in form of heat resulting from I2R loss and

noise.

4. Losses due to loosed termination and high contact

resistance at the joints along transmission lines,

switchgears, and terminal equipment in transmission

substations.

5. A low power factor in the system would result in

large current which will cause I2R losses to increase.

 Losses from distribution station (Metering)

1. Feeders without billing meters
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2. Malfunctioning of billing meters 

3. Feeders with tampered meter 

4. Error in reporting energy meter reading 

5. Metering error due to mismatch between 

specification of instrument transformers and meters. 

 

II. HOTSPOT 

Hotspot is the term used to describe a loosed contact 

heating up leading to high resistance on that joint which 

would be in a form of glow. The event that lead to energy 

production and these localized areas are popularly known 

as hot spot or partial discharges in equipment insulation [5]. 

The high resistance on that joint is as a result of high 

current on that spot which actually cause energy loss in 

form of heat.  

This occurs often on conductor clamps, isolator contacts 

etc. and can be avoided by making sure all loosed contacts 

are properly tighten, frequent maintenance should be 

carried out on switchgears, avoid kinks on conductors and 

use of proper and standard size of conductor. 

III. TRANSFORMER LOSSES 

Transformers are inductive in nature and they consume the 

power with lagging power factor. As the power factor falls  

below unity the current in the system increases increasing 

power loss (I2R) [6]. But the key input for estimating 

transformer energy loss is the transformer load that 

determines the power factor and energy consumed [2]. 

Attempts can be made to minimize these losses.  

Transformer losses are core losses (hysteresis loss and 

Eddy current loss) and copper loss (I2R).  

A. CORE LOSSES  

Taking place in iron/core part comprising of hysteresis 

losses and eddy current losses in the core considered to be 

constant irrespective of load. 

Hysteresis losses: hysteresis loss is caused by the cyclic 

reversal of flux in the magnetic circuit and can be reduced 

by metallurgical control of the steel [7].  

Eddy current loss: Eddy loss is caused by eddy currents 

circulating within the steel induced by the flow of magnetic 

flux normal to the width of the core, and it can be 

controlled by reducing the thickness of the steel lamination 

or by applying a thin insulating coating [7].  

Eddy loss can be expressed as follows: 

W = Kw2B2 watts     

    (1.2) 

Where; 

K = constant 

w = width of the core lamination material normal to the flux 

B = flux density 

 

 

IV.  COPPER LOSSES OR LOAD LOSS 

This takes place in the winding part. As a function of load 

current, can be divided into (I²R) loss and stray losses. The 

stray losses are caused by eddy currents that produce stray 

electromagnetic flux in the windings, core, core clamps, 

magnetic shield and other parts of the transformer [2]. 

Stray loss: Leakage inductance is by itself largely lossless, 

since energy supplied to its magnetic fields is returned to 

the supply with the next half-cycle. However, any leakage 

flux that intercepts nearby conductive materials such as the 

transformer's support structure will give rise to eddy 

currents and be converted to heat. Mechanical vibration and 

audible noise transmission In addition to magnetostriction 

the alternating magnetic field causes fluctuating forces 

between the primary and secondary windings. This energy 

incites vibration transmission in interconnected metalwork, 

thus amplifying audible transformer hum [2]. 

V.  TRANSMISSION SUBSTATION 

A transmission substation is the arrangement of transformers 

and switchgears in other to step down extra high voltage to 

high voltage and medium voltage or high voltage to medium 

voltage at a very reliable, efficient and safe means. The 

principal items are transformers, overhead lines, towers, 

circuit breakers, disconnect switches(isolators), bus-bars, 

shunt reactors, shunt capacitors, current and potential 

transformers, isolators, control and protection equipment[4]. 

Figure 1 shows a typical single line diagram (SLD) of a 

132/33kV transmission substation 

      

 

A. ONITSHA 330/132KV TRANSMISSION 

SUBSTATION 

Onitsha 330/132KV transmission substation has a total 

capacity of 480MVA, 330/132kV power transformer and 

220MVA, 132/33kV power transformer. It evacuates the 

power generated from okpai generating station which has a 

capacity of 480MW through a 330kV double circuit 

transmission line. The substation is connected to the grid 

network through Alaoji 330kV T/L, Asaba 330kV T/L, 
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Benin (1) 330kV T/L, Benin (2) 330kV T/L and New 

Haven 330kV T/L. Also it transmits at 132kV to six (6) 

substations at different locations as shown in Table 1.0; 

Table 1.0 shows 132kV substations that receives power 

from Onitsha 330/132kV Transmission Substation. 

 

VI.  LOSS CALCULATION APPROACH 

The energy loss in Onitsha 330/132kV T/S was investigated 

by collecting metered energy received from generating 

station, metered energy transmitted to other 132kV 

transmission substations, metered energy distributed 

through 33kV feeders and metered energy used as station 

services within all transmission substations consumed every 

day. 

Station services is the energy consumed within the 

substation for control room utility, office utility, switchyard 

lighting, charging DC batteries etc and it is unaccounted 

for because energy consumed is not paid for. 

The energy consumed by each feeder on individual 

transformers in all the 132kVtransmission substation as 

listed in Table 1.0, receiving power from Onitsha 

330/132kV T/S and its energy consumption is compiled on 

a daily bases for the month of January to February, 2016.  

The energy consumed on the transformer is read from the 

secondary energy meter also the energy consumed on its 

outgoing feeders is also read from its individual energy 

meter. Table 1.1 shows the daily summation of the energy 

in MWhr from each transmission substation and energy loss 

is calculated. 

Total energy loss= (Energy received – Energy distributed) – 

station services         (1.3) 

 Energy loss (%) = Total energy loss  x 100%                                         

(1.4) 

                                Energy received 

 

Table 1.1; Daily summation of the energy in MWhr from 

each transmission substation and energy loss calculated. 

 Source: Onitsha 330/132kV Transmission Substation 

(PC&M dept.), Transmission Company of Nigeria (TCN). 

Table 1.1 shows a typical daily summation template of all 

energy received, distributed and consumed by all 

transmission substations. For the purpose of this paper the 

daily energy consumed by each substation for the month of 

January to February, 2016 has been summed, extracted, 

calculated and compiled in Table 1.2 below; 

 

 

Table 1.2; Shows the Total Energy received and distributed 

in the month of January and February, 2016 for all 6 

transmission substation. 

  
Table 1.3; shows the total energy received, distributed and 

station services consumed every day from the six 

transmission substations for the month of January, 2016. 
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 Table 1.4 shows the total energy received, distributed and 

station services consumed every day from the six 

transmission substations for the month of February, 2016. 

 Source: Onitsha 330/132kv Transmission Substation 

(PC&M dept), Transmission Company of Nigeria (TCN).  

From table 1.3, the energy loss is calculated thus; 

For 1/01/16,  

Total energy loss = (3706.942 – 3710.030) + 0.663= -2.424 

Therefore,  

Energy loss (%) =  -2.424      X 100 = -0.07% 

                               3706.942 

Average Energy Loss in January (%) = ∑(Energy loss)                            

(1.5) 

                              No. of 

days 

    = -0.85/31 

    = -0.03% 

Average Energy Loss in February (%) = ∑(Energy loss) 

                   No. 

of days 

    = 4.18/29 

    = 0.14% 

 Figure 2; Daily energy loss (%) for the month of January, 

2016 in  

      Onitsha 330/132kv T/S 

 
Figure 3; Insignificance of station service for January, 

2016. 
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 Figure 4: Total Energy loss for February, 2016 

  
Figure 5; Insignificance of station service in energy loss for 

February, 2016 

 

 1.5 CONCLUSION 

The method used in this paper makes use of data collected 

from the 1st of January, 2016 to the 29th of February, 2016 

from all transformers and feeders. By calculation the factors 

energy loss were calculated as shown in table 1.5;  

Table 1.5: Summary of Energy Data 

 
Table 1.5 shows the calculated energy data. It summarizes 

the efficiency of the transmission substation as we have 

stated in the introduction that total system energy loss is a 

key indices used to know how efficient and effective power 

has been distributed in a transmission substation. The above 

data has shown that Onitsha 330/132kV transmission 

substation has been transmitting and distributing power 

efficiently and effectively. We can draw such conclusion on 

bases that the Transmission Company of Nigeria’s energy 

loss bench mark is 8%. This could only have been achieved 

through efficient metering system, proper maintenance, 

quick response to failed equipment, regular annual 

maintenance on major equipment such as power 

transformers, circuit breakers, isolators, CVTs, CTs etc. 

there are draw backs as to why the transmission substation 

could not perform better and they are attributed to faulty 

energy meters, lack of spares and spare parts, unavailability 

of voltage transformers on associated feeders, ageing of 

instrument transformers, poor working condition for 

Engineers. Energy loss as much as possible has to be 

minimised and this can be achieved through efficient 

metering system, low equipment down time, proper 

maintenance of equipment and installation of voltage 

transformers on each feeder 
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