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ABSTRACT

This paper is an attempt to reduce the technical power losses in real time electricity distribution control system.
The electricity distribution control system faces a major problem of distribution losses. However, the electricity
power system faces major constraints which are inadequate size of conductor, cable, long distribution lines,
failure of sub-station equipments, improper earth-lings, transformer failure, etc. Consequently, the main objective
of this paper is to calculate the technical power losses in power transformers, distribution transformers, distribution
line networks and also to calculate the % voltage regulation in 11 KV Monroe feeders of Chennai electricity
distribution control centre-SCADA networks. The benefit of this paper is to improve the power factor and reduce
the voltage drop at the tail-end of distribution feeder network has been carried out. In this study of sample survey
was conducted based on constitution of Indian Electricity Act-2003 and follow-up of Tamil Nadu Electricity
Board Rules and Regulations [1].

Keywords: Distribution Transformer losses, Line losses, Load factor, Load loss factor, Load curve, Load duration
curve, load bifurcation and Voltage Regulation.

1. INTRODUCTION

The Chennai electricity distribution control centre is configured with group of ring main feeders with
various voltage levels of 400 KV, 230 KV, 110 KV, 33 KV, 11 KV and Low Tension lines, which can be
mutually interlinked with several back feeding arrangements. The technical power losses occurred in the
electricity distribution system is more than 75% in secondary distribution utilities. To reduce the technical
power losses in distribution system various techniques are involved as follows.

The annual energy losses are calculated in 11KV feeders with three different sizes of 120 sqmm, 240
sqmm and 300 sqmm cable networks with a pair of 10 MVA and single 20 MVA power transformers in
terms of Million Units (MU) using load and load duration curve [2]. The losses in existing Transmission
and Distribution (T&D) line systems are reduced by transferring the stained overloaded distribution
networks in to adjoining under-loaded distribution networks from peak period to off-peak period [3].
The T&D losses in electric power circuits are reduced by replacing the existing overhead conductors in
to underground cable systems, also the higher capacity distribution transformers are replaced to smaller
rating distribution transformers installed nearer to consumer load centre by load bifurcation methods
[4]. The evaluation of standard losses in distribution transformers using feeder No: 12 at 220/22 KV
Sub-station, Pune City and India by actual and analytical reading methods are described [5]. The reduction
of energy losses in existing LT distribution networks and proposed LT-less distribution networks are
evaluated using Turbo C++ programming language [6]. The causes of higher distribution losses and
subsequent loss rectification techniques are discussed. Then, the existing higher capacity distribution
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transformer loads are bifurcated in to smaller ratings of distribution transformers for installing nearby
consumers load centre are discussed [7].

In this paper, SCADA load flow techniques are described for future expansion of the existing Chennai
Electricity Distribution Control (CEDCC) network. The technical power losses are calculated from power
transformers, distribution transformers and distribution line networks. The % voltage regulation is also
achieved by 11 KV Monroe feeders of Chennai Electricity Distribution Control Centre networks.

2. IMPLEMENTATION OF SCADA LOAD FLOW TECHNIQUES

The implementation of Chennai electricity distribution control centre-SCADA load flow techniques
comprises of the magnitudes of voltage, current, phase angle, real and reactive power flow in transmission
and distribution line networks. Besides, thus losses in Mega Watt (MW) and Mega Volt Amps reactive
(MVAr) are also specified. This information is essential for the calculation of technical power losses in
distribution networks by using Gauss-Seidal and Newton–Raphson Methods aided by Electrical Transient
and Analysis Program (ETAP).

3. LOSS CALCULATION APPROACH

3.1. Load Factor (LF)

It is defined as the ratio of average load to the maximum demand in KVA during a certain period of day/
month/ year.

   KVA average

   KVA maximumdemand.
LF � (1)

3.2. Load Loss Factor (LLF)

The ratio of actual energy losses during a designated period to the maximum current drawn at designated
period is called Load Loss Factor.

   Actual losses during Period 

   Maximum Current on designated period
LLF � (2)

The relationship between the LF and LLF as shown in given below:

2* (1 )*LLF K LF K LF� � � (3)

Otherwise

2 20.727* 0.273*( )LLF LF LF K� � � (4)

Where K = coefficient of the load.

min

max

K KVA
KVA

�

3.3. Losses in Feeder Circuit

The calculated energy losses in feeder circuit per annum using SCADA telemeter values is given by

Losses in feeder circuits = 
2

6

3* * * * *8760

10

I R L LLF
(5)
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Where

I = Load, Amps

R = Resistance of Conductor, ohms/kilometre

L = Length of feeder, kilometres

3.4. Voltage Drop Calculation

The % voltage regulation is the difference in voltage between sending ends to receiving ends with respect
to its receiving end voltage. The voltage drop calculations of 11 KV Monroe feeder in a 110 KV Chindradripet
sub-station is

Voltage Drop = 
1.732*( cos sin )*

*
. /

R X I
L

No ofconductors phase

�� �
(6)

Load Current I = (1.732* * )

Active Power

V PF (7)

% Voltage regulation = *100
Vs Vr

Vr

�� �
� �
� �

(8)

Where

X = Reactance of Conductor (or) Cable, Ohms

V
s

= Sending end Voltage, Volts

V
r

= Receiving end Voltage, Volts

4. POWER TRANSFORMER AND FEEDER CIRCUITS OF 110KV CHINDADRIPET SS

The electrical energy is received from generating station to sub-station and finally to the end user at various
voltages levels of EHT to LT feeder network. For this analysis, 110 KV Sub-Station located in Chindadripet,
Chennai Electricity Distribution Circle (CEDC), Chennai and India.

In this 110 KV Chindadripet grid sub-station, the incoming supply is received from 230 KV Tondiarpet
sub-station and 110 KV Vyasarpadi sub-station. The incoming supply feeds a pair of 110/33 KV-50 MVA
power transformers I and II, which is stepped-down in to two identical 33/11KV-2X16 MVA Power
transformers I and II. Moreover, eight numbers 11 KV feeder circuits are connected in parallel to 16 MVA
power transformers LV1 and LV2. The analysis of technical power losses in both of 16 MVA power
transformers I and II with three numbers of 11 KV feeders are considered. Over these, one of the 11 KV
Monroe feeders is considered to find out % voltage regulation using SCADA MFT (Multi Function
Transducer) telemeter values. A typical 110 KV Chindadripet sub-station is shown in Fig. 1.

5. LOAD AND LOAD DURATION CURVE FOR 11KV FEEDER AND POWER
TRANSFORMERS

The case study shows the calculation of technical power losses in three numbers 11 KV feeders (Monroe,
ECR and Local) and a pair of 16 MVA Power Transformer I and II at 110 KV Chindadripet sub-station in
Chennai Electricity Distribution Control Centre, Chennai and India. Using the above formula, losses in the
Power Transformer and Distribution Transformers, feeder circuits and % voltage regulation in 11 KV
Monroe feeder circuits before and after improvements by load bifurcation works are carried out. The load
and its load duration curve represents the actual demand of power utilization for period 30 days duration
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Figure 1: Typical configuration of 110 KV Chindadripet sub-station power
transformers with 11 KV Monroe feeders
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for three numbers 11 KV feeder as shown in Fig. 2. and pair of 16 MVA power transformers I and II as
shown in Fig. 3.

Technical power losses in feeder circuits in MU is calculated using equation (5)

11 KV feeder losses = 2 63* * * * *24*30*10I R L LLF �

Likely, technical losses in Power Transformer in MU is determined using equation (9)

Power Transformer losses = 
2

6

. [(% ) * _ * ]*8760

10

Noload loss Loading Rated Copperloss LLF�
(9)

6. PROPOSED LOAD BIFURCATION WORK

To calculate the technical power losses in a pair of power transformers (I and II), twenty two numbers
distribution transformers and three numbers 11 KV feeders (Monroe #, ECR # & Local #) are calculated as
shown in Table.2. and Table.3. The energy meter reading observed from Table.1. and calculation of existing
voltage regulation in 11 KV Monroe feeder circuits as shown in Table.4. As per the Indian Electricity Act-

Figure 3: 2X16 MVA power transformer I and II-Load duration curve Vs Load current

Figure 2: 3X 11 KV feeder-Load duration curve Vs
 
Load current
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Table 1
Average Load details in 11 KV feeder and power transformer
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Table 2
Technical power losses in 11 KV Monroe#, 11 KV ECR # & 11 KV Local # before load bifurcation

Table 3
Technical power losses in power transformer I, II and distribution transformers before load bifurcation



1862 E. Lakshmanan and M. Kumaresan

Table 4
Voltage regulation in 11 KV Monroe feeders before load bifurcation

2003, maximum permissible voltage regulation in 11 KV feeders is 9%, without diversity factor adapted
condition. In this circumference, 11 KV Monroe feeder loads are compulsorily bifurcated to adjoining
under loaded 11 KV feeder circuits. After releasing nine numbers distribution transformer from 11 KV
Monroe feeder circuit’s three numbers distribution transformer loads are accommodated to 11 KV ECR
feeder and six numbers distribution transformer loads are accommodated to 11 KV Local feeder. After load
bifurcation, reduced length of 11 KV Monroe feeders is 13.50 to 9.46 kilometres with reduced cumulative
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loads from 7250 to 4250 KVA, the calculated energy losses in power transformers, distribution transformers
and 11 KV feeder circuits are tabulated in Table. 5, Table.6. and Table.7.

Finally the reduced voltage regulation in 11 KV Monroe feeders is 10.57 to 6.75% after load bifurcation
as shown in Table.7. All the real time values are implemented in ETAP software program to get energy
losses in MW, MVAr and Voltage drop at each and every point of nodes as shown in Figure.5. and Table.8.
The Nett calculated energy losses in power transformers, distribution transformers and 11 KV feeder circuits
are obtained as shown in Table.9. A comparison statement is obtained from practical values and Theoretical
values in 11 KV Monroe Feeder circuits are shown in Figure.6.

Table 5
Technical power losses in 11 KV Monroe#, 11 KV ECR# &

11 KV Local# after load bifurcation
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Table 7
Voltage regulation in 11 KV Monroe feeders after load bifurcation

Table 6
Analysis of Technical power losses after load bifurcation
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Figure 5: ETAP Simulation in power transformers (I&II), distribution transformers
and 11 KV Monroe feeder circuits

Table 8
ETAP Simulation Voltage Drop in 11 KV Monroe feeder

Circuits after load bifurcation

a
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7. RESULT

The case study has been successfully conducted and nett energy losses in 110 KV Chindadripet Sub-Station,
over 0.346 Million Units is saved per annum after load bifurcation of 11KV Monroe feeder circuits. Also
the % voltage regulations of 11 KV Monroe feeder circuit’s is 10.57 to 6.75 values are achieved by before
and after load bifurcation work carried out as shown in Table 9.

Figure 6: Comparison of Practical Vs Theoretical value voltage
drop in 11 KV Monroe feeder

Table 9
Nett energy saving in whole power circuits before

and after load bifurcation
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8. CONCLUSION

This paper highlights the analysis of Distribution losses and preventive measures in a Chennai Electricity
Distribution Control Centre. The proposed measures include Load switching, Feeder re-configuration,
Load reduction and voltage control. By proper selection of Power transformers, Distribution transformers
and feeder circuits, Re-organization of distribution networks, Reducing length of LT lines, Bifurcation of
HT lines, Fixing of compensating equipments at appropriate places and Training of operating personal
would result in improved reliability and efficiency of the transmission and distribution system.

9. FUTURE WORK

The future work will be extended to solved by both On-load or off-load tap changing of power transformers
at 230/110, 230/33, 110/33 and 33/11 voltage levels. For accurate calculation, energy meters could be
connected at all distribution transformers and installing appropriate compensation equipments at vantage
point of Sub-stations.

The loss reduction by connecting capacitors during peak period, were found to be 6-7% from simulation
studies. By connecting the capacitors across all individual inductive loads, 10% voltage level improved,
20% reduction in current and reduced losses up to 9-13% can be achieved depending upon the extent of PF.
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