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Electricity crisis is one of the severe problems in
Pakistan due to rising gap between electricity supply and
demand. Excessive load shedding is being used as
demand side management option to cut down the
electricity demand. Back up supply through
Uninterruptable Power Supplies (UPSs) and Generators
is preferred option to avoid power outage due to load
shedding. UPSs are mostly used in residential sector due
to the subsidized electricity charges. UPS is a practicable
solution for consumers. About 20% to 50% energy is lost
due to converter and inverter losses in UPS. These losses
have significant impact on supply – demand gap.
Electricity demand and neutral harmonics increase when
UPSs charge from Electric Supply Company. Increased
neutral harmonics create a heating effect on the core of
the distribution transformer. Impact of UPS has been
analyzed on the Karachi Electric (KE) which shows that
it can save power and life of the distribution transformer.
Argument is supported by the energy efficiency and
harmonic analysis of different UPSs and their effects on
electricity demand of Karachi. Energy Efficiency would
not only help to overcome electricity demand and supply
gap but it would also help to overcome greenhouse gases
due to reduced losses.
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I. INTRODUCTION
KE, being the only electricity supplying company of
Karachi schedules load shedding throughout the city in
order to overcome demand and supply deficit[1] as shown
in the fig.1.
A large number of domestic consumers use UPSs of
different KVA ratings to operate their house hold loads
during load shedding period. All connected UPSs start
consuming power for charging their batteries when the KE
supply is resumed.
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Figure 1: Demand of Karachi (MW) Vs. Installed
generation capacity (MW) of KE
Electrical energy consumed by any UPS to charge its
battery is significantly more than the delivered electrical
energy to the load due to their lower efficiencies. The
utility company provides more energy for the specific
charging duration of UPSs, which results in high peaks of
the daily demand curve. In this paper, analysis of the
impact of UPS on the KE grid is presented to quantify the
expected increase in the power demand and THD because
of its charging.
Different experiments have been
conducted to determine the efficiencies and THD of
different UPSs through advanced device example, power
logger during charging and discharging. Once, the
efficiencies are found then it will become possible to
determine the increased power demand and energy losses
due to UPSs. Similarly, the determination of neutral
harmonics during charging of a UPS will be helpful to
study its effect on the distribution transformer. As
distribution transformers are the major equipment in the
distribution circuit. This study will highlight the adverse
effects of UPS on distribution transformers. Then research
can be started to take care of this problem of power sector.
This study concludes that harmonics in neutral are
affecting the full load capability of distribution
transformer. Moreover, research can be done to take care
of this problem during the time of most serious national
energy crisis.

i-Explore International Research Journal Consortium

www.irjcjournals.org

28

International Journal of IT, Engineering and Applied Sciences Research (IJIEASR)
Volume 4, No. 3, March 2015

II. BACKGROUND
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Various challenges are faced by developing countries for
their growth and development such as devalued economy,
rising poverty, decreasing GDP, lack of standard education
etc. Energy, Environment and economic development are
common interests for both developing and developed
countries. GDP can’t be increased without the availability
of sufficient energy resources. Globally, GDP and Energy
trends show a mutual relationship. GDP increases with the
increase of energy use and it decreases with its decrease.
Similarly, Carbon dioxide (CO2) emissions also increase
with an increase in the energy use as shown in fig.2.
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Figure3: Distribution Losses of KE[1]
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Among transmission and distribution sectors, the
maximum losses are present in the distribution sector due
to theft, conductor losses and non-efficient equipment and
loads[3]. KE faced about 32.10% distribution losses for
the year 2010-11[1] as shown in the fig.3. The losses are
reduced for the year 2010-11 by controlling electricity
theft and reducing line losses.
Distribution sector comprises of the domestic and
commercial loads. The connected load of the residential
sector in Karachi lies between the range of 1KiloWatt to 5
Kilowatt with single and three phase connections.
Domestic load of Pakistan is more than 45% of the total
load as indicated in fig.4. With this reason, it is inferred
that the UPS is the most commonly growing load of the
distribution sector in Pakistan
Domestic consumers of a locality are generally connected
with a large KVA rating distribution transformer through
secondary lines. Distribution transformers play a very
important role in the reliability of the service.[4] Mostly
transformers are operated in overload condition, which
increase the core and copper losses and consequently
transformer’s life is decreased.

Figure 4: Energy Consumption in Pakistan
Harmonics are present in each class of loads. Rapid
increase of power electronics devices in power system is
the main cause of production of harmonics in the industrial
sector[5][6].Residential loads like fluorescent lamps,
compact fluorescent lamp, computers, fans, air
conditioners, television sets and battery chargers, are
normally nonlinear which produce several harmonics in
the distribution system[4, 7].Normally the sources of
production of harmonics are classified into: (a) Domestic
Loads, (b) Industrial loads and (c) Control devices.[8]
Harmonics have mostly heating effects on different
electrical equipment [9]. They mainly disturb the quality
of the supplied power. The harmonics in a transformer[10]
increase the core losses and also stress the insulation,
which ultimately causes overheating of the transformer
core and eventually it is damaged[4].Neutral harmonics of
residential load are the main cause of reduction of the
transformer’s life because increased THD increases hot
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spot temperature of its windings[11].The hot spot
temperature of High Voltage (H.V) windings of the
distribution transformer increases more than 40°C for 22%
THD as shown in the fig.5[3] . Harmonics can also be a
main reason of transformer outage[3]. There are three
methods to determine the presence of harmonic content,
Percentage of Total Harmonic Distortion (%THD), Crest
factor (CF) and “k-Factor”. In this experiment, we will
focus on %THD[8].K-factor defines the contribution of
the harmonic load currents on transformer heating[12]. For
linear loads, K-factor is 1 and for nonlinear loads it is
greater than 1. The harmonic heating effects increase as
the value of K-factor increases. The distribution
transformer maximum capacity usually decreases for kfactor greater than 1.
140
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III. APPROACH
An experiment was conducted to perform the efficiency
and harmonic analysis of different UPS. Initially two UPS
were selected for the analysis. Battery and converters are
two main components of any UPS. It consumes electrical
energy (Einput) from KESC to charge the battery and
supplies energy to the load (Eoutput) as shown in fig.6. So
its efficiency can be determined by finding the energy
consumed for charging and energy delivered to the load
when KESC is cut-off. Power logger as an advanced
instrument is selected for the entire analysis. It is capable
for showing real time three-phase values of different
electrical parameters for very minimum time such as
voltage, current, active power and energy, power factor,
reactive power and energy, apparent power, harmonic etc.
It can also record events such as significant voltage dip or
swell and transients by setting suitable threshold values.
Its results can be used for energy assessments and load
studies.
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Figure 6: Block diagram of Main Supply from KE,
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Figure 5: Predicted Hot Spot Temperature[3]
Similarly the harmonics produce excessive core heating
and temperature rise of the windings in the motors [13,
14]. The neutral wire of a 3-phase 4wire system is
overheated
due
to
the
presence
of
third
harmonic[15].Harmonics effect the performance of many
protective devices such as circuit breakers, fuses, relays,
also disturb the metering, lighting and communication
equipment[16]. The other effects caused by harmonics
include increased losses, poor voltage regulation, low
power factor and lower efficiencies [9].Less efficient
electrical equipment consumes more electrical energy
during their normal operation. Their temperatures increase
due to the power and energy losses which tend to destroy
the green environment concept. Replacing less efficient
devices by energy efficient ones is also a technique to
reduce demand and supply gap of the power [17, 18].

For the measurement of high voltages and currents, logger
uses current transformer and potential transformer of
proper ratios. The current and voltage probes of power
logger are connected to the incoming phase and neutral of
UPS to determine the total energy consumed and
individual harmonics in the phase and neutral wires as
shown in fig.7.

Figure 7: Power logger connections; Current and
voltage terminals
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A. Efficiency Analysis of UPS-1:
Power logger was logged to record all the data for the
charging and discharging of both UPS. The power
supplied by the KES to charge the UPS is more than the
power delivered by one UPS to the load and as a result it
makes the input energy consumed by UPS more than that
the output energy supplied by it to the load. It means that
the efficiency of UPS is usually very less, given by the
following equation (1).
%η==

𝐸𝑜𝑢𝑡𝑝𝑢𝑡
𝐸𝑖𝑛𝑝𝑢𝑡

*100

As the UPS discharges completely then the neutral THD
decrease significantly from 60% to32% as shown in the
fig.9.
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IV. RESULTS AND DISCUSSION
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Where Eoutput= Discharging energy

5

Einput= Charging energy
η = Efficiency (%)
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Figure 9: Neutral Harmonics during discharging UPS1

The power logging time was about 1.20 hour for charging
and twenty five minutes for discharging. It shows that the
consumed energy of UPS is dissipated only in twenty five
minutes to operate a connected load of 400 Watt including
some lighting load and computers.
The efficiency of the UPS-1 is found to be 21.13% as
shown in the table 1.

Power logger is capable to show the presence of individual
harmonics in its logging screen. At the end of charging
mode, THD in neutral were increased to 95.4% having 1,
3, 5 and 7 harmonic with K factor =8.13 as shown in
fig.10 for charging.

Table1: Efficiency of UPS-1
S.No UPS
rating
1

Einput Eoutput
(KWh) (KWh)

3KVA 0.7875

Efficiency

0.1667

21.13%

B. Harmonic Analysis of UPS-1:
Power Logger can be used to analyze the charging and
discharging harmonics of the UPS-1.In the charging mode,
% neutral THD is more than the discharging mode %
neutral THD. % neutral THD increases from 50% to 68%
and it is clearly shown in the fig. 8.
THD(%)in Neutral
70

Figure 10: Individual Neutral Harmonics during
charging UPS1
Discharging THD is less than the charging THD and
consists of 1,3,5,7 and 9 harmonics with K factor =2.30 as
shown in fig.11. Note that greater the value of %THD
greater is the K-factor as shown in the fig.10 and 11.
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Figure 8: Neutral Harmonics during charging UPS1
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Several values of % THD were taken for both charging
and discharging mode with a step size of 2 seconds in the
time. Finally those values were averaged over the total
charging and discharging time and the results are tabulated
in Table2.

When UPS’s battery is completely discharged then its
percentage THD were decreased to about 19% only as
shown in the fig.13.
30

Table2: Percentage Average THD of UPS-1
Neutral THD
(During Charging)

Neutral THD
(During Discharging)

1

56.5%

48.3%

THD(%) in Neutral

25
Percent THD(%)

UPS
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Increased neutral THD during charging can produce very
adverse effects on the life of distribution transformer and
also the main reason of low efficiency of UPS.
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C. Efficiency Analysis of UPS-2:
Similarly, the efficiency of UPS-2 was determined via
power logger in the same manner for UPS-1. The logging
time for UPS-2 was 1.2hours for charging while 1 hour for
discharging. The efficiency of UPS-2 was found to be
11% as summarized in Table-3.
Table3: Efficiency of UPS-2
S.
No

UPS
rating

Einput
(KWh)

Eouput
(KWh)

2

3KVA

1.325
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Figure 13:Neutral Harmonics during discharging UPS-2

Individual harmonic components were also analyzed for
charging and discharging mode of UPS-2.Its THD
is about 58% at one instant during the charging duration
having 1, 3, 5 and 7 harmonics with k-factor=4.12 as
shown in fig.14.

Efficiency
11.13%

D. Harmonic Analysis of UPS-2:
UPS-2 was also subjected for harmonic analysis. The
charging of UPS battery produces more harmonics in
neutral from 58% to 69% as shown in the fig.12.
THD(%) in Neutral
70
68
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66

Figure 14: Individual Neutral Harmonics during
chargingUPS-2
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One observation of neutral percentage THD was 24.4%
during the discharging of UPS-2 having 1, 2, 3,5,7,9 11,
13, 17, and 19 harmonic respectively with K-factor=2.00
as shown in the fig.15.The value of K-factor increases
with the increase of %THD as shown in the fig.14 and 15.
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Figure 12:Neutral Harmonics during charging UPS-2
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THD was decreased from 16% to 6% during the
discharging operation of this UPS as shown in the
figure16.
THD (%) in Neutral
16
14

Figure 15: Individual Neutral Harmonics during
discharging UPS2
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Finally, many percentage THD values during charging and
discharging of UPS-2 were averaged and the results are
tabulated in the Table 4.
Table4: Percentage Average THD of UPS-2
UPS
THD Current
THD Current
(Charging)
(Discharging)
2
64%
19.9%
E. Efficiency Analysis of UPS-3
10KVA on line UPS of the library was selected for the
analysis. The logging time for this UPS-3 was only 11
minutes for discharging its battery while about 30 minutes
for charging and it makes its efficiency to be 24.7% as
shown in the table 5.
Table 5: Efficiency of UPS-3
S.
No
3

UPS
rating
10KVA

Einput
(KWh)
1.687

Eouput
(KWh)
0.417

2
0
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Time (minute)

9
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Figure16: Neutral Harmonics during discharging UPS-3

The indication of the individual harmonic order during the
charging and discharging mode of UPS-3 were also
recorded by the same power logger. During the charging
mode, neutral THD were recorded and saved to be 10.3%
with the contribution of individual harmonics like
1st,2nd,3rd,5th,7th,9th,11th,13th and 17th component and 1.06
k-factor as shown in the figure 17.

Efficien
cy
24.7%

F. Harmonic Analysis of UPS-3:
Power Logger was used to conduct the harmonic analysis
of UPS-3 for charging and discharging of its series
connected batteries. % Neutral THD was increased from
8% to about 14% during the charging mode of UPS as
shown in the figure15.
THD(%) in Neutral
16
Harmonic Order

12

Figure17: Individual Neutral Harmonics during
chargingUPS-3

Percent THD (%)
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Similarly, % neutral THD were found to be only 6% at the
complete drain of its battery with the involvement of
several individual harmonic like 1st, 3rd, 5th, 9th and 13th
harmonic along with k-factor 1.00 as shown in the figure
18.
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Figure 15: Neutral Harmonics during charging UPS-3
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Figure 18: Individual Neutral Harmonics during
discharging UPS-3
Several individual values of THD were recorded for both
the charging and discharging modes of operation and they
are averaged in the table 6.
Table 1: Percentage Average THD of UPS-3
UPS
Neutral THD
Neutral THD
(During Charging)
(During Discharging)
3

10.2%

0
5 10 15 20Time(min)
25 30 35 40 45 50 55 60

Figure 19: Neutral Harmonics during charging UPS-4
On the other hand, the discharging mode of operation of
its battery produced less % neutral THD. It was decreased
from 12.3% to 11.2% during the discharging mode as
shown in the figure 20.

7.3%

THD(%) in neutral
12.4

G. Efficiency Analysis of UPS-4:
A 6KVA on line UPS installed at the main auditorium was
selected for the efficiency and harmonic analyses. Mostly
lighting load such as energy savers and some fans were
connected from this UPS. The charging time taken by the
UPS to charge its battery completely was about 1 hour
while it only took 27 minutes to discharge its battery

12.2
Percent THD (%)

12

1

6KVA

Einput(KWh)

1.085

Eouput
(KWh)

0.525

11.4
11.2

10.8
10.6
3

Table 2: Efficiency of UPS-4
UPS
rating

11.6

11

completely through load. The efficiency of this UPS-4 was
calculated to be about 48.38 % as shown in the table 7
below.

S.No

11.8

6

9

12 15 18
Time (min)

21

24

27

Efficiency

Figure 20: Neutral Harmonics during discharging
UPS-4

48.38%

% neutral THD were recorded to be 38.8% with k factor of
1.70 and contribution of only 1 st and 3rd harmonic as the
battery reaches to its final charging threshold , as shown in
the figure 21.

H. Harmonic Analysis of UPS-4:
The % neutral THD were analyzed and recorded via power
logger during the charging and discharging periods of this
UPS-4. THD were increases from 10% to 38% as the
battery reached to its final charging limit and it is shown in
the figure 19 below.
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Table 3: Efficiency of UPS-5
S.N
o

1

Harmonic Order

Figure 21: Individual Neutral Harmonics during
chargingUPS-4

UPS
rating

Einput
(KWh)

Eouput
(KWh)

Efficien
cy

10KVA

2.541
KWh

1.759

69.22%

J. Harmonic Analysis of UPS-5:
The % Neutral THD of UPS-5 was increased from 7% to
about 29% during the charging mode of 1 hour as shown
in the figure 23 below.
THD (%) in Neutral
30
25
Percent THD(%)

On the other hand, % Neutral THD were recorded to be
11.7% with k-factor of 1.00 and the contribution of 3 rd
harmonic is very lesser than the contribution of the same
order harmonic in the charging mode and it can be shown
in the figure 22.
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Figure 23: Neutral Harmonics during charging UPS-5

Figure 22: Individual Neutral Harmonics during
chargingUPS-4
Power logger was used to record several values of the
charging and discharging period of this UPS with a step
size of 10 seconds and these values are averaged over the
entire time period. % Average Neutral THD for the
charging is more than that of during discharging mode and
results are tabulated in the table 8.

After charging its battery to the maximum charging level,
it was drained by switching on the load connected to it. As
the battery was discharging, the % neutral THD also
decreased from 19% to about 6% as shown in the figure
24.

Table8: Percentage Average THD of UPS-4
UPS
Neutral THD
Neutral THD
(During Charging)
(During Discharging)
4

18.475%

11.87%

THD % in Neutral
20
18
16
Percent THD(%)

Harmonic Order

14
12
10
8
6
4

I. Efficiency Analysis of UPS-5:
The efficiency analysis experiment was performed on a
10KVA UPS of Metallurgical Engineering department.
This newly installed UPS, being an efficient one, has taken
40 minutes to discharge its battery through load while
about 1 hour to charge. Its efficiency was determined to be
about 69.2% as tabulated in the table 9 below.
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Figure 24: Neutral Harmonics during discharging
UPS-5
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Battery charging increases THD with k factor of 1.89 and
contribution of several higher order harmonic component
such as 1st,3rd,5th,7th,9th,11th,13th and 15th order as shown in
the figure 25.
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A comparative analysis of efficiency, THD and losses of
all UPSs is presented in table 11. All UPSs consume more
energy to charge its battery, resulting in lower efficiency,
higher THD and losses. UPS-2 has lowest efficiency of
11.13% due to the aging of battery.
Table 5: Comparison of All UPSs
UPS

Efficiency
(%)

THD (%)
(Charging)

THD (%)
(Discharging)

Losses
(%)

1

21.13

56.5

48.3

78.87

2

11.13

64

19.9

88.87

3

24.7

10.2

7.3

75.3

4

48.38

18.47

11.87

51.62

5

69.22

15.68

12.32

30.78

Harmonic Order
Figure 25: Individual Neutral Harmonics during
chargingUPS-5
When the battery discharges to its completely initial limit,
%THD of the neutral wire decreases up to only 6% with
the involvement of 1st,3rd,5th,9th and 11th order harmonic as
shown in the figure 26.

Harmonic Order
Figure 26: Individual Neutral Harmonics during
chargingUPS-5
Different values of THD of each and every interval of
charging and discharging modes were recorded and their
average result is tabulated in the table 10. Neutral THD
during charging is not significantly greater than the
discharging period THD due to better efficiency and less
losses in the UPS.

V: CONCLUSION:
The utilization of UPS is maximum in the residential
sector during the load shedding hours. So, the UPS is the
most commonly growing load of the distribution sector in
Pakistan. In this chapter, analysis of the impact of UPS on
the Karachi grid is presented in terms of its lower
efficiency and increased harmonics. It is found that more
energy is consumed by UPS at the time of charging
because of the losses occurred in its battery and converter
sections, making it a less energy efficient equipment.
When K-Electric supply is resumed, then all UPSs of a
locality start charging their batteries at the same time. It
imposes the peak ripples in the Daily Demand Curve of
that locality. Furthermore, distribution transformer also
becomes burdened because UPSs produce more THD
during charging. If the losses of UPS due to harmonics be
minimized then its efficiency can be improved. Thus it
will become possible to reduce the supplied energy of KElectric if the peak ripples of demand curve are reduced.
K-Electric can conserve significant energy if efficiencies
of UPSs be improved. This will give good impact of
energy conservation on Karachi grid and improving power
quality.
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