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Abstract— In recent years, power generation has taken an 

smart step in generating, transmitting and distributing the 

electrical power with development in technologies. The 

literature suggests that over 30% to 40% of electrical power 

is lost during transmission and distribution because of many 

technical and non-technical losses occurring in the path. A 

survey is presented in the paper about the process of 

delivering the power from generation to consumer and 

losses occurring during process, the possible techniques for 

mitigating the losses and improving the efficiency of 

system. 
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I. INTRODUCTION 

Once electric energy is generated, it must be transmitted to 

areas where it will be used. This is known as transmission of 

electrical power over very long distances and is separate 

from distribution, which refers to the process of delivering 

electric energy from the high voltage transmission grid to 

specific locations such a residential street or commercial 

park low voltage. Distribution is usually considered to 

encompass the substations and feeder lines that take power 

from the high voltage grid and progressively step down the 

voltage, eventually to the 230V level at which power enters 

homes. The transmission and distribution (T&D) system 

includes everything between a generation plants to end-use 

site. 

 Along the way, some of the energy supplied by the 

generator is lost due to the resistance of the wires 

(conductors) that is line loss and equipment that the 

electricity passes through. Most of this energy is converted 

to heat.  The amount of energy wasted depends on electrical 

characteristics of the system.  

 In India, average Transmission & Distribution 

losses have been officially indicated as 23 % of the 

electricity generated. However, as per sample studies carried 

out by independent agencies including TERI, these losses 

have been estimated to be as high as 50 percent in some 

states. In a recent study carried out by SBI Capital Markets 

for DVB, the T&D losses have been estimated as 58%. This 

is contrary to claims by DVB that their transmission and 

distribution losses are between 40 and 50 percent. With the 

setting up of State Regulatory Commissions in the country, 

accurate estimation of T&D Losses has gained importance 

as the level of losses directly affects the sales and power 

purchase requirements and hence has a bearing on the 

determination of electricity tariff of utility by commission. 

 Average distribution losses are 5-6% Co-ops that 

borrow through Rural Utilities Service (RUS) and National 

Rural Utilities Cooperative Finance Corporation (CFC) are 

required to report their losses to NRECA. Roughly 97% of 

distribution co-ops report their losses.  

II. PRESENT SCENARIO IN INDIA 

Generation of power is done in the power stations with 

different fuels. In India only 32.86% of total energy 

generation is contributed by the renewable energy sources 

including hydro power generation. In the recent years, 

India’s energy consumption has been increasing at one of 

the fastest rates in the world due to population growth and 

economic development. India ranks fifth in the world in 

terms of primary energy consumption, accounting for about 

3.5% of the world commercial energy demand. Despite the 

overall increase in energy demand, per capita energy 

consumption, India is still very low compared to other 

developing countries. India is well-endowed with both 

exhaustible and renewable energy resources. India’s energy 

policy, till the end of the 1980s, was mainly based on 

availability of indigenous resources.  

 Energy losses occur in the process of supplying 

electricity to consumers due to technical and commercial 

losses. The technical losses are due to energy dissipated in 

the conductors and equipment used for transmission, sub- 

transmission and distribution of power. These technical 

losses are inherent in a system and can be reduced to an 

optimum level.  

 The losses can be further sub grouped depending 

upon the stage of power transformation & transmission 

system as Transmission Losses 

(400KV/220KV/132kV/66KV), as Sub transmission losses 

(33KV /11KV) and Distribution losses (11KV/0.4KV). The 

commercial losses are caused by pilferage defective meters, 

and errors in meter reading and in estimating unmetered 

supply of energy.  

 In India, average Transmission and Distribution 

losses, have been officially indicated as 23% of the 

electricity generated. However, as per sample studies carried 

out by independent agencies including TERI, these losses 

have been estimated to be as high as 50% in some state. The 

officially declared transmission and distribution losses in 

India have gradually risen from about 15% up to the year 

1966-67 to about 23 % in 1998-99. The continued rising 

trend in the losses is a matter of serious concern and all out 

efforts are required to contain them.  

 According to a study carried out by Electric Power 

Research Institute (EPRI) of the USA, the losses in various 

elements of the T&D system usually are of the order as 

indicated in the Table I.   

Supply System 
Power 

Losses 

Minimum maximum step up transformers & 0.5-10 
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EHV transmission system 

Transmission to intermediate voltage level, 

transmission system & step down to sub 

transmission voltage level 

1.5-3.0 

Sub-transmission system & step down to 

distribution voltage level 
2.0-4.5 

Distribution lines and service connections 3.0-7.0 

Total losses 7.0-15.5 

Table 1: The power losses in T&D system 

III. ELECTRICITY DISTRIBUTION IN INDIA 

Total No. of Distribution Utilities – 61 in the year 2015-16. 

 Total energy billed by these utilities increased from 

796,28GWh in the year 2014-15 to 844,846GWh in the year 

2015-2016 registering a growth of 6.10%. 

 All India AT&C losses were 19.88% in the year 

2014-15 which reduced to 18.07% in the year 2015- 16.  

The utilities incurred losses of 11.02% of the revenue earned 

by direct sales to consumers during 2015-16.  

 Metering Status: 23 States have achieved 100% 

Metering at 11 KV Feeder level. 9 States have achieved 

100% consumers metering. 

 
Fig. 1: Electricity generation in the year 2015-2016 

IV. DISTRIBUTION NETWORK 

The primary distribution network is electrical circuits with 

three-phase wire (three phase), connected at distribution 

substation and are usually built in classes of voltage of 

11KV & 33KV. The levels of voltage: 11 KV and 33 KV 

are standardized by law; the other levels exist and continue 

to operate normally. Primary distribution networks are 

installed with distribution transformers, fixed on poles, 

whose function is to lower the voltage level to the primary 

side voltage level (e.g., for download from 11 KV to 230 

volts). The secondary distribution networks are electrical 

circuits with three-phase four wires (three phases and 

neutral), typically operate at voltages (phase - phase / phase 

- neutral) 11KV/440 volts, 11KV/230 volts. These networks 

are connected consumers, including residences, bakeries, 

shops, and so on, and also the fixtures for street lighting. 

These networks serve the large consumption center (namely, 

population and large industry, among others). In some cases, 

the tension between supplies is 1100/230 volts or 1100/440 

volts. The entire distribution system is protected by a system 

composed by circuit breakers at the substations where the 

primary networks are connected, and with key fuse in 

distribution transformers, which in case of short circuit 

switch off the power grid. 

A typical diagram of T&D system is shown below in fig 2 

 
Fig. 2: Typical view of distribution system 

V. TOTAL SYSTEM LOSSES 

Non-technical losses can result from problems with meter 

reading and related accounting or energy theft.  

 Technical losses are associated with the loss of 

energy due to energizing of equipment (fixed losses) and 

current flowing through electrical devices (variable losses).  

 Fixed losses are defined as energy required by the 

system to energize equipment and keep the system ready, 

even when no load is being serviced.  

 Variable losses are the losses that are incurred as 

load is added to the system and changed in proportion to the 

load.    

A. Non-technical losses 

Non-technical losses, sometimes called “commercial 

losses”, are very important because they often contribute to 

a large extent to the power that the utility is not paid for. 

Non-technical losses are often related to metering errors, 

inaccurate meters, improperly read meters and estimated 

consumption due to lack of meters. Unauthorized 

connections as well as administrative errors are other 

possible sources of non-technical losses. Most nontechnical 

losses are associated with low voltage distribution networks. 

At medium voltage distribution level, nontechnical losses 

are primarily caused by inaccurate meters and tampering 

with measurement transformers. On transmission level, 

nontechnical losses are rare and can be neglected.  

 
Table 2: Metered and unmetered energy consumption in 

2015-16 HESCOM 
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B. Technical losses 

Technical losses are due to energy dissipated in the 

conductors and equipment used for transmission, 

transformation, sub transmission and distribution of power. 

Technical losses on distribution systems are primarily due to 

heat dissipation resulting from current passing through 

conductors and from magnetic losses in transformers. 

Losses are inherent to the distribution of electricity and 

cannot be eliminated .The major part of this loss is heat 

dissipation or I2R loss in the distribution conductors. Since 

this loss depends upon the value of the current, it is the 

maximum during peak load. Other causes of the technical 

loss are low power factor, phase imbalance, improper joints, 

and extraneous factors like tree touching etc. Losses occur 

on sub transmission lines, distribution lines, station 

transformers, distribution transformers and secondary 

services to customers. Transformer losses include no-load 

losses that are independent of transformer loading and load 

losses that are dependent on the loading. 

VI. LEVEL OF T&D LOSSES 

The officially declared transmission and distribution losses 

in India have gradually risen from about 15 percent up to the 

year 1966-67 to about 23 percent in 1998-99. The continued 

rising trend in the losses is a matter of serious concern and 

all out efforts are required to contain them. According to a 

study, the losses in various elements of the T&D system 

usually are of the order as indicated below in table 3. 

System Element 
Power losses (%) 

Minimum Maximum 

Step up transformers & EHV 

transmissions system 
0.5 1.0 

Transformation to intermediate 

voltage level, transmission system 

& step down to sub  transmission 

voltage level 

1.5 3.0 

Sub-transmission system & step 

down to distribution voltage level 
2.0 4.5 

Distribution lines and service 

connections 
3.0 7.0 

Total losses 7.0 15.5 

Table 3: Losses in different elements of T&D 

 The losses in any system would, however, depend 

on the pattern of energy use, intensity of load demand, load 

density, and capability and configuration of the transmission 

and distribution system that vary for various system 

elements. According to CEA vide its publication (July 1991) 

‘Guidelines for Reduction of Transmission and Distribution 

Losses’ it should be reasonable to aim for total energy losses 

in the range of 10-15% in the different states in India.  

VII. REASONS FOR OCCURRENCE OF LOSSES 

The following are the reasons for the occurrences of losses 

during transmission and distribution,  

 Inadequate investment on transmission and distribution, 

particularly in sub-transmission and distribution. 

 Haphazard growths of sub-transmission and distribution 

system with the short-term objective of extension of 

power supply to new areas. 

 Large scale rural electrification through long 11kV and 

LT lines. 

 Too many stages of transformations. 

 Improper load management. 

 Inadequate reactive compensation Poor quality of 

equipment used in agricultural pumping in rural areas, 

cooler air-conditioners and industrial loads in urban 

areas. 

 
Fig. 3: The marginal losses with load 

VIII. LOSS REDUCTION TECHNIQUES 

A. Voltage optimization technique 

Voltage Optimization Voltage Optimization (VO) is the 

concept of tuning the circuit to achieve a flattened voltage 

profile before implementing CVR in order to produce 

greater savings than CVR alone. 

 
Fig. 4: The voltage optimization 

Lidos performed Voltage Optimization studies for 

Northwest Energy Efficiency Alliance’s (NEEA) 

Distribution Efficiency Initiative. 

Studied seven utilities that included 21 substations and 70 

distribution feeders. 

Total energy savings was estimated at 1.3 percent and 

19,837MWh/year. 

11.3% of the savings were from system loss reductions and 

88.7% from end-use customer load. 

B. Power Factor Correction 

Certain customer inductive loads, distribution lines, and 

transformers require reactive power to be supplied by the 

electric grid. 

 Addition of reactive power (VAR) increases the 

total line current, which contributes to additional losses in 

the system. 



Indian Scenario of Various Transmission and Distribution Losses and Technique’s for its Mitigation 

 (IJSRD/Vol. 5/Issue 10/2017/141) 

 

 All rights reserved by www.ijsrd.com 576 

 
Fig. 5: The variation of power factor with growth percentage 

C. Load Balancing and Multi-Phasing 

Phase balancing is balancing phase currents along three 

phase circuits. Balancing phase loads at the substation does 

not guarantee phase balance along the feeder path. 

 On a typical distribution feeder, loads were 

allocated as balanced and then re-allocated as unbalanced in 

5% increments, and line losses were determined. 

 Percentage of line losses increases as percentage of 

phase imbalance increases. 

 
Fig. 6: The impact of phase balance on losses 

D. Voltage Conversion  

For a given amount of apparent power, doubling the voltage 

would reduce the current by half and reduce the line loss to 

25% of original. 

 Upgrading the primary voltage of the distribution 

feeder involves upgrading the distribution equipment, which 

can be cost intensive. 

 
Fig. 7: The graph of line verses operating voltage 

IX. CONCLUSION 

The transmission and distribution (T&D) system includes 

everything between a generation plants to end-use site. 

Along the way, some of the energy supplied by the 

generator is lost due to the resistance of the wires that is line 

loss and equipment that the electricity passes through. The 

loss is mainly depends upon the type of transmission and 

wire resistance. For better transmission we need some 

special transmission method and good conductor through 

which we can reduce the T&D losses. 
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