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Abstract— Availability of electric power has been the most powerful source for assisting economic, industrial and social developments of
any state. Electric power is transferred by means of transmission lines which deliver bulk of power from generating stations to load centers
and consumers. Studying the various types of loses uncounted during electrical transmission .The losses are either Technical losses or
Non-technical Losses. The technical losses consist of the Corona loss, Joule effect, Magnetic Losses and skin effect. While the Non-
technical (commercial ) losses include, theft of electricity, vandalism to electrical substations, poor meter reading, poor accounting and
record keeping, etc. For electric power to get to the final consumers in proper form and quality, transmission and distribution losses along

the lines must be reduced to the barest minimum.

Index Terms— Technical Losses, Energy, Power Losses, T & D Losses, NTDC, PEPCO, NEPRA, DISCOs, Advance Metering, HYDC

1 Introduction

nergy is a basic necessity for the economic

development of the nation. There are different types

of energy, but the most important type is the
electrical energy. A contemporary and educated society is
so much reliant on the use of electrical energy. Tasks, which
relates to the generation of electricity, transmission and
distribution of electricity have to be assign the highest
importance in the national planning procedure of any
nation because of the importance of electrical energy to the
economic and social development of the society. Power
plants’ planning in a way to meet the power network load
demand is one of the most important and essential issues in
power systems. As we know that transmission lines connect
generation plants and substations in power network, the
exploration, calculation and decrease of transmission and
distribution losses in these power networks are of great
concern to electrical engineers.
This difference between the generated and distributed units
is known as Transmission and Distribution loss.
T&D Losses = (Energy Input to feeder(Kwh) — Billed Energy
to Consumer(Kwh)) / Energy Input kwh x 100

2 Brief Descriptions

Distribution Sector considered as the weakest link in the
entire power sector. Transmission Losses is approximate
17% while Distribution Losses is approximate 50%.
Transmission and Distribution Losses are categorized into

two types.
1. Technical Losses
2. Non-Technical Losses (Commercial Losses)

2.1 Technical Losses

The technical losses produces because of energy dissipated
in the conductors, equipment used for transmission line
transformer, sub transmission line and distribution line and
magnetic losses in transformers.

Technical losses are normally 22.5%, and directly depend
on the network characteristics and the mode of operation.
Technical losses are further divided into two types.

2.1.1 Permanent / Fixed Technical losses

o Fixed losses do not differ according to the current.
These losses adopt the form of heat and noise and occur as
long as a transformer is energized.

. Between 1/4 and 1/3 of technical losses on
distribution networks are permanent losses. And these
losses on a network can be influenced in the ways set out
below.

i Corona Losses.

. Leakage Current Losses.

o Dielectric Losses.

i Open-circuit Losses.

. Losses produced by continuous load of measuring
elements.

. Losses produced by continuous load of control
elements.

2.1.2 Variable Technical losses

Variable losses vary with the amount of electricity
distributed and are, more accurately, proportionate to the
square of the current. Therefore, a 1% increase in current
leads to an increase in losses of more than 1%.

o Between 2/3 and 3/4 of technical (or physical)
losses on distribution networks are variable Losses.
. By increasing the cross sectional area of lines and

cables for a specified load, losses will decrease. This leads
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to direct trade-off between cost of losses and cost of capital
expenses. It has been recommended that best average
consumption rate on a distribution network that considers
the cost of losses in its design could be as low as 30 per
cent.

. Joule losses in each voltage level.
. Impedance losses.
. Losses caused by contact resistance.

2.2 Main Reasons for Technical Losses
Amongst several reasons of T &D losses, some important
reasons are described below;

1. Lengthy Distribution lines.

2. Inadequate Size of Conductors of Distribution lines.

3. Installation of Distribution transformers away from load
centers.

4. Low Power Factor of Primary and secondary distribution
system. In most LT distribution circuits normally the Power
Factor ranges from 0.65 to 0.75. A low Power Factor gives
towards high distribution losses.

5. Bad Workmanship which contributes significantly role
towards increasing distribution losses.

6. Power utilization of customer fluctuates during the day
and over seasons. Load variation is Called load factor and it
varies from 0 to 1.

Load Factor = Average load in a specified time period /
peak load during that time period.

7. Distribution transformers use copper conductor
windings to induce a magnetic field into a grain-oriented
silicon steel core. So, transformers have both load and no-
load core losses.

8. Unequal load distribution among three phases in L.T
system causing high neutral currents.

9. Leaking and loss of power.

10. Over loading of lines.

11. Abnormal operating conditions at which power and
distribution transformers are operated

12. Low voltages at consumer terminals causing higher
drawl of currents by inductive loads.

13. Poor quality of equipment used in agricultural pumping
in rural areas, air-conditioners, coolers and industrial load
in urban areas.

3 Mathematical Models for Power Losses

The main reason for losses in transmission and distribution
lines is the resistance of conductors against the flow of
current. The creation of heat in conductor as a result of the
flow of current increases more temperature in it. This
increase in the conductor's temperature further increases
the resistance of the conductor and this will therefore rise
the losses. This indicates that ohmic power loss is the main
component of losses in transmission and distribution lines.

The value of the ohmic power loss, is given as
Lonmic = I?RKW / Km | Phase

Where
I Indicates current along the conductor.
R Indicates resistance of the conductor.

The formation of corona on transmission line is associated
with a loss of power that will create some effect on the
efficiency of the transmission line. The corona power loss,
has the value

Leorona = 242 T 25/ .ﬁg).(v —V,)2.1075 KW
/ Km/ Phase

Where

f Denotes the frequency of transmission,

& Denotes the air density factor,

r Is radius of the conductor,

d Denotes the space between the transmission lines,
V Is the operating voltage and

V, Denotes the disruptive voltage.

Taking the total power loss on transmission lines to be the
summation of ohmic and corona losses, we have

TLoss = Lohmic + LCorona

ie.

Tyoss = PR + 2420 ¥ 29/ [y v - )2 1075 kw
/ Km / Phase

The general form of equation (4) is given by

pL +25), *|( A _
TL055=127+242(f )/5. (ﬁ).(V—VO)Z.IO 5 KW

/ Km / Phase

Where

p Is the resistivity of the conductor,

L Denotes the length of the conductor and

A Denotes the cross-sectional area of conductor.

4 T and D losses Scenario in Pakistan

Pakistan’s energy shortage has become the most pressing
economic challenge. This is not to say the country’s other
structural insufficiencies have been resolved, but simply
that the scope of this problem is now so widespread that
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quick-fixes will no longer allow the economy to move
forward.
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Fig. 1: Power Network in Pakistan.

Loss of energy between point A and point B is technically
called “transmission losses”. Previously, National Electric
Power Regulatory Authority (NEPRA) allowed National
Transmission and Dispatch Company (NTDC) to permit up
to 2.5 percent for transmission losses in end-user tariffs.
NTDC breached this limit for years and amazingly, rather
than asking NTDC to resolve the issue, NEPRA increased
the allowable allowance to 3.0 percent in September 2013.
Loss of energy from point B onward is called “distribution
losses”. NEPRA allows up to 10 percent loss (as
distribution losses) in determining end-user charges, it is
relevant to comment here, that in this era of technological
development, there is no sources in Pakistan of receiving
meter readings at point B and C in real time.

PAKISTAN has a extraordinary rate of electric transmission
and distribution losses and is ranked the top 14th among
131 countries.
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Fig. 2: Percentage of T & D losses Pakistan.

In below figure, the statistics of losses in transmission and
distribution is shown from 1971 to 2010 according to World
Bank analysis.
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Fig. 3: Pakistan’s T & D losses yearly graph.
And during years, 2012-2013 losses in transmission and

distribution is clearly described in below figure, according
to PEPCO Power Market Survey Report 2012-13.
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Fig. 4: Historical T & D losses with sale and auxiliary
consumption

While the world average is 8.8, transmission and
distribution (T&D) losses in the range of 6-8 per cent of
energy generated are considered normal.

5 Loss Comparisons of DISCOs

Another point to flag is that NEPRA recommends a tariff
structure that rewards efficient Discos and corrects more
ineffective ones, to incentivize the latter to reduce T&D
losses. Technically, the entire T&D loss is covered by
NEPRA allowed tariffs in Discos, posting less than 10
percent losses (efficient Discos), while Discos making more
than 10 percent losses, which are enforced to carry these on
their records. However, the unified tariff structure notified
by the federal government, neglects this encouragement; as
a result, the combined losses of the Discos have to be borne
by the federal government.
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Fig. 5: T & D losses allowed and uncovered by NEPRA

Beyond the inefficiency at the generation stage, the main
Discos do not fare too well in terms of transmission &
distribution (T&D) losses (Figure 5). The T&D losses in
Pakistan’s main power distribution centers varies from 9.5
to 35.1 percent; in overall terms, Pakistan’s T&D losses are
well above the global average, even for developing
countries. High T&D losses in Pesco can be explained by
the fact that this Disco also supplies power to the FATA
region, where theft is high because the distributor is unable
to monitor and charge individual users.11  On the other
hand, Iesco that serves Islamabad and Rawalpindi, posts
the smallest T&D losses.

Reducing the T&D losses, or achieving energy efficiency,
must be the highest priority energy strategy. A number of
policy assessments, technical and administrative actions
can be taken by the government to reduce power losses,
mainly with extra investments in improving T&D
infrastructure and increased operational and management
efficiencies —from generation to the end-use.

6 Comparison of energy losses with other
Countries
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Fig. 6: Comparison of T & D losses of Pakistan vs. different
countries.

In above graph, there is a comparison of transmission and
distribution losses of Pakistan with other countries i.e.
India, China, Iran and Russia analyzed by World Bank. The

whole world’s T & D losses, that all the countries are
bearing is also shown in graph from 2005 to 2011.

7 Reduction of errors

Based on the work performed by the New York utilities,
EPRI, and SAIC, as well as reviews of other industry
studies, electric losses can be reduced by system
improvements both on the transmission and distribution
systems. Generic or case-specific cost/benefit analysis is
required to justify required expenditure for these system
improvements.

7.1 For transmission systems:

1. Optimization of existing controls for transformer taps,
generator voltages, and switched shunt capacitor banks
reduces current flow and minimizes losses.

2. Addition of shunt capacitor banks, fixed and switched, at
points on the system closest to the reactive load source
reduces current flow and minimizes losses.

7.2 For distribution systems:

3. Phase balancing reduces line and neutral conductor
losses.

4. Distribution capacitor banks on the feeders to improve
the feeder power factor reduce line losses.

5. Capacitor banks at or near the substation improve the
station power factor caused by the substation power
transformer VAR requirement, measured at the high side of
the power transformer and reduce load losses in the
substation transformer.

6. Use of life-cycle evaluation for equipment sizing (initial
installation of distribution transformers and conductors)
reduces transformer core and coil losses.

8 Impact of new Technology on Losses

The electric system grid is dynamic in nature, with
constantly evolving technology improvements and
enhancements. One consideration for power systems is the
impact on losses from technological advancements. The
following discussion describes the impact that new
technologies could have on losses in transmission and
distribution systems.

8.1 Advanced Metering

As data from advanced metering becomes integrated in the
utility’s infrastructure, at both the feeder and substation
level, as well as the customer level, the load data can be
directly assigned to the computer simulation model. In
addition, hourly data, including kW and kvar, can be used
to calculate energy and peak system losses. This method
can produce more precise results by eliminating
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estimations of load allocation and provide added
granularity in the results.

8.2 High-Voltage Direct Current (HVDC)
Transmission

An emerging trend being considered is high-voltage direct
current (HVDC) lines because of some of the advantages in
efficiency. According to an ABB study, HVDC lines provide
25 percent lower line losses, two to five times the capacity
of AC lines at similar voltages, and the ability to precisely
control the flow of power.

Historically, the costs have been too high for most
transmission operators to consider HVDC as an option,
except in a few long-distance applications. However, with
technological improvements and more economical options
becoming available, HVDC may be considered more
feasible in the near future.

8.3 Gas-Insulated Substations

Gas-insulated substations are a possible solution to help
reduce losses. Typical substations occupy large tracts of
land and are located outside of dense load areas. As a
result, lower-voltage lines from substations can go quite a
distance before reaching load centers, which increases
losses. Gas-insulated substations are encapsulated, with all
equipment inside a metal housing, and can be contained in
a basement or building close to the load center, which
would help in the reduction of losses.

9 Conclusions

From the above discussions it is found that there are
various factors responsible for T & D losses which need to
be eliminated. The approaches taken by government over
the years in Pakistan has created an inefficient distribution
system having very high T & D losses and poor quality and
reliability of power supply to consumers. In the ongoing
power sector reforms, the focus has rightly been shifted to
upgrading the transmission and distribution (T & D)
system and improving its efficiency to reduce these losses.
To perform this, new technologies should be implemented
to reduce losses i.e. advance metering, HVDC, gas-
insulated substations. These technologies are implemented
in developed countries like China and United States.
Finally, this may contribute in the process of overall
national development.
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