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Electricity is a multifaceted form of energy and is used globally, with a continuously growing demand. Electrical power grids are
there for more than 150 years. �e generated electrical power is delivered to di�erent industrial, commercial, and residential
sectors, thereby ful�lling the ever-growing demand. In this research paper, the design and optimization of an industrial grid for
various electrical loads is discussed. �e electrical grid ensures a stable power supply to the loads by providing quality power with
the minimum total harmonic distortion (THD) possible. A complete study of the short circuit current has been done in two
di�erent electrical grid systems, as it is seen that the short circuit current depends on the impedance of the transformer which feeds
the load. �ese two designs of a single diagram will be simulated by using a power system analyzer, the Electrical Transient
Analyzer Program (ETAP) software. �e di�erent electrical parameters, like choosing the optimised rated generator, cables, and
transformers, are done. Load �ow analysis is performed on both the design to evaluate the THD, short circuit fault, as well as to
choose the right protection circuit for the system.

1. Introduction

Energy use in industrial plants has long been a signi�cant
�nancial consideration. Due to price �uctuation related to
utility deregulation and system stability, energy cost control is
critical to pro�tability. �ere are plentiful opportunities to
expand power usage, reliability, and quality in an industrial
environment. �e power system plays a vital role in a process
plant. A plant’s operations and production depend on a safe
and reliable power system. Each plant power system design,
whether new or an expansion to an existing system, must be
analysed to ensure that it is safe, is reliable, meets the present
objective, and permits expansion for future needs [1]. At the
planning and design stage of an industrial power system, the
following considerations must be made: the electrical system
must be designed cost-e�ectively for continuous and reliable
service, people and equipment safety, ease of maintenance
and operation, minimal power losses, mechanical equipment
protection, interchangeability, and load addition [2, 3]. A
major study based on many theories and actual experiences
would be required to accomplish the above goals and obtain
the expected results. Loads are constantly being eliminated in

modest increments in many process facilities. �e net e�ort is
also not visible until a component of the system is overloaded
or has other issues.Many times, circuits are added without the
required reforms to the upstream circuit breakers’ usual
settings. �e one-line diagram serves as a road map for
optimal equipment design, redundancy, and protection. �e
goal of this study is to come up with solutions for categorising
electrical loads in the energy industry and providing stable
electricity to these loads using ETAP. �e aforementioned
study is to come up with answers on how diverse electrical
loads should be classi�ed in the energy business as well as how
to supply these loads with reliable power sources. In addition,
the critical role of the transformers’ short-circuit impedance
in regulating the short-circuit current will be addressed. �e
techniques for selecting electrical equipment and accessories,
such as cables, transformers, and circuit breakers, are also
provided. Basic design and detailed design are the two sig-
ni�cant stages of the analysis. �e location and process of the
re�nery are investigated in the basic design stage, and a
preliminary estimate of the types of load and demand is
obtained as a result. �e best option is chosen for the next
stage, and basic calculations, drawings, and speci�cations are
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produced as a result. We expect to publish detailed drawings
in the detailed design, which will reflect our preference for
enhanced power distribution with minimal power losses. As a
result, all engineering-related details should be accomplished
in this step. It is essential to recognize that all of the detailed
documentation must meet the specifications.

2. Literature Review

2.1. Voltage Drop. Voltage drops on an electrical power
distribution system are mainly caused by cables, trans-
formers, and motors. Voltage drop describes how the sup-
plied energy of a voltage source is reduced as electric current
moves through the passive elements (elements that do not
supply voltage) of an electrical circuit. Voltage drop happens
when load current (Ib) flows through a conductor or trans-
former having a finite impedance. Severe voltage drops will
result in motor failures, dimming of lamps, and CPU shut-
down [4]. Voltage drop calculation is important to the system
for maintaining the nominal voltage at service sides. Tables 1
and 2 depict the summary of the voltage drop from the IEE
Wiring Regulation (BS7671 : 2008) and IEC60343 : 2001.

Voltage drop is determined from the current-using
equipment, applying diversity factors where applicable, or
from the value of the design current of the circuits.

&e voltage drop can be determined by the following
formula:

(i) Approximation method

%Vd ≈
�
3

√
Ib


 × RL × cos θ − XL × sin θ 

VS

, (1)

where Vd is the voltage drop, Vs is the system
voltage, RL is the circuit resistance in Ohms, XL is
the circuit reactance in Ohms, Ib is the design
current/line current, and θ is the phase angle of line
current.

(ii) Tabulated method

Vdrop �
tabulated(mV/A/m) × Ib × l

1000
volts, (2)

where Vd is the voltage drop, mV/A/m is the tab-
ulated cable value inmilli volt per ampere per meter,
Ib is the design current/line current, l is the length of

the cable, large voltage drop can be caused by a
variety of factors, including the following:

(i) Incorrect conductor size (undersized).
(ii) Incorrect conductor diameter and length.
(iii) Improper cable conducting material.
(iv) &e actual load current exceeds the design circuit

current.

2.2. Short Circuit Fault. A fault in an electrical power system
is a failure which interferes with the normal flow of current.
Faults occur when two or more conductors that normally
operate with different potentials come into contact with each
other. When fault occurs in a system, it induces a large
current flow and this will cause damage to the equipment [5].
During fault occurrence in a network, it will have an effect on
the generator due to the short circuit at the point of the
generator. Short-circuit current exceeds locked-rotor current
and can reach thousands of amperes [6].&e maximum short
circuit current occurs at the time of fault occurrence only,
which is when the system is at fault. Short-circuit current can
also lead to arcing or flashing, which may cause severe
damage to the power system. &e severance effect of short
circuit current is seen in a bolted fault more than in an arcing
fault [7]. &e short circuit current may be classified into
“symmetrical” and “asymmetrical” terms, which are terms
used to describe the symmetry of the short-circuit current
waveform around the zero axis. A “fault” is another term for a
short circuit. It is a particular type of current that injects a lot
of energy into a power system. It can take the form of either
heat ormagnetic force. In essence, it is a low-resistance energy
channel that bypasses part of a circuit and causes the bypassed
circuit to stop operating. &e reliability and safety of electric
power distribution systems depend on accurate and thorough
knowledge of short-circuit fault currents that can be present
and on the ability of protective devices to satisfactorily in-
terrupt these currents [8].

Figure 1 describes the typical short circuit current
waveform. &e symmetrical short circuit current contains
only the pure alternating current component within its si-
nusoidal waveform [9]. It is applicable only to balanced
three-phase power systems and can be calculated as the total
line-to-neutral voltage over the total impedances of the
power system. &e reliability of power electronic converters

Table 1: Summary of the voltage drop from IEE Wiring Regulation.

Voltage drop points Lighting (%) Other uses (%)
1. Public low voltage distribution system supplying LV load 3 5
2. Private low voltage distribution system supplying LV load 6 8

Table 2: Percentage of allowable voltage drop by IEC 60364 : 2001.

Voltage drop points Lighting (%) Other uses (%)
1. Public low voltage distribution system supplying LV distribution systems 3 5
2. Private low voltage distribution system supplying LV distribution systems 6 8
∗When the main wiring systems of the installation are longer than 100m, these voltage drops may be increased by 0.005% per meter of wiring system beyond
100m, without this supplement being greater than 0.5%.
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used in a power system is very important for improving the
overall power system design [10].

�e asymmetrical short circuit current is the actual
current that �ows during a fault condition. It consists of direct
current (DC) and alternating current (AC) components that
contribute to a certain amount of “DC o�set” in the waveform
immediately after the initiation of the fault. �e amount of
“DC o�set,” or asymmetry, depends on the point where the
fault occurs. �e instantaneous peak short circuit current is
the maximum peak instantaneous fault current on the
asymmetrical short circuit current waveform [11].

2.3. Harmonics in Power System. A “sinusoidal component
of a periodic wave or quantity with a frequency that is an
integral multiple of the fundamental frequency” is how a
harmonic is de�ned. As a result, harmonics can be de�ned as
voltages and/or currents in an electrical system that are a
multiple of the fundamental frequency as shown in Figure 2.
�e �fth (300Hz), seventh (420Hz), and eleventh har-
monics are typical for a 60-Hz system (660Hz) [12].

�e direct outcome of harmonics might be power system
problems such as communication disruptions, heating, and
defects in the solid-state equipment. �e following catego-
rization and list of these problems are given with a short
explanation or an approach to understand each of the
reasons [13]. �e most important issue related to power
quality is harmonics [14]. �e so-called “communication

interference” can be caused by magnetic couplings between
electric circuits and communications systems. �e current
�ow of the power system results in the generation of a
magnetic �eld, which induces a current in the surrounding
communication connectors. �e level of interference will
depend on the magnetic coupling magnitude of the induced
current, frequency, and e¢ciency [3, 7]. �e other e�ects
include the following:

(i) Induced line noise
(ii) Power line carrier system interference
(iii) Relay malfunction.
(iv) Solid-state Device Malfunctions

If the equipment is susceptible to null passages,
harmonics may cause solid-state devices to fail.
Resonance can cause zero crossings to occur more
than once every half cycle in the current waveform
[13]. �is mode is usually exempli�ed by the diode.
Since a device’s operational parameters are usually
de�ned in terms of user convenience root mean
square (RMS), in the presence of harmonics, it may
not function e�ectively since it senses a pinnacle
value that does not directly match the RMS value of
the wave shape [3, 4, 11]. Other defects in the
stability system include the following.

(i) Mistakes in measuring equipment
(ii) Molestation in the operation of relays and breakers
(iii) Unstable interference with the engine controls of

the zero voltage crossing

2.4. Previous Work. Arizaldi et al. [15] used ETAP software
in conducting case studies for calculations of short circuit
disturbances.�e author of this paper attempts to determine
the safety capacity that is capable of protecting the electrical
system, and the same is functioning well in the electrical
system of Lhokseumawe [15]. Riaz et al. [16] proposed a
harmonic analysis in industry using a Fluke Energy Ana-
lyzer. �e measured THD percent values for the voltage and
current were utilised to model and analyse global harmonics
in the Textile Plant’s complete three-phase distribution
system via simulation utilising ETAP software. Using the
Fluke Energy Analyzer to take measurements, it was de-
termined that the 5th and 7th harmonic orders are the most
dominant in magnitude and are responsible for increased
THD levels. ETAP utilised the Fluke Energy Analyzer results
to perform a harmonic analysis of the entire plant. A res-
onance phenomenon was identi�ed as a result of the con-
ventional capacitor bank used to improve the power factor.
Consequently, a single tuned �lter was created, and the
power factor improvement bank was replaced with a single
tuned �lter. �e harmonic �lter not only reduced the level of
harmonic distortion but also improved the power factor
[16]. ETAP software was used to analyse power system
harmonics and discuss the full approach in detail by Azim
Bhuiyan [17]. In order to inject harmonic current into the
power network, a general load was simulated as a harmonic
source. A harmonic load �ow analysis was then performed to

= Fundamental

= 3rd Harmonic

= New Waveform With
Harmonic Distortion

Figure 2: Harmonic distortion waveform.

Instantaneous peak short circuit current

Asymmetrical short circuit current

Symmetrical short circuit current

Figure 1: Short current waveform.
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determine the impact of harmonic current, and harmonic
distortion was detected [17].

3. Methodology

ETAP software is used in implementing the one-line dia-
gram. Figure 3 describes the method used in completing the
research. In this research, there are two designs for one-line
diagrams proposed by using the ETAP software, which are
Design A and Design B. �en, to meet the requirements of
the design power system industry, analyse the technical
report from ETAP software, which includes short circuit,
THD, and voltage drop.

3.1. Load Analysis. Load analysis would be the �rst step
before designing the whole distribution system. �is is
important in determining the incoming supply for each load
and the total power that is needed for the whole system.
From the analysis, two levels of incoming supply are needed
for the loads, which are the 6.6 kV for process compressors
A, B, and C and 415V for the rest of the loads.�e longer the
transition detection time is, the more dangerous power
electronic equipment operation is [18].

A feasibility study on the given industrial loads in Table 3
was performed in this power demand estimation. �is study

has focused on the proposal of divisions of the installation
area/section, the total estimated power demand (P and Q for
continuous, intermittent, and standby), and the overall
power factor of the industrial installation. �e estimated
power demand is analysed into three categories:

(i) Operating load.
(ii) Peak load (C+ I + S).
(iii) Design load (Peak load + 10% operating load).

Table 4 shows the total estimated power demand for
di�erent types of operating loads.

3.2. Cable Sizing. In designing the cable sizing of Design A
and Design B, the cable sizing compiles or refers to the
standards of BS 7671 : 2008, IEE Wiring Regulations 17th
Edition, and IEC 60364 : 2001. In the ETAP software, the
cable sizing follows the standard from the IEC. In order to
select the cable size, the properties or steps are as follows:

(i) Based on the current, the size of the required cable is
calculated.

(ii) Based on the Voltage drop, the size of the cable may
increase.

(iii) Based on the short circuit current, the size of the
cable may increase.

Both cable size and length have an impact on both
current and voltage. Its impact on the voltage is much
greater than that on the current. Various lengths of feeder
cable were selected for this research in order to compare
which design follows the limitation design from the theory.
�e various lengths of cable are investigated with the help of
the ETAP software.

3.3.TransformerSizing. A “transformer is the heart of an AC
system.” �e transformer is the most important unit in an
electrical distribution network. A transformer is a passive
electrical device that transfers electrical energy from one
electrical circuit to one or more other circuits. A transformer
can be loaded up to 110% of the rated voltage, provided the
cooling unit is healthy. �ere are many factors that need to
be considered when choosing the right sizing of the
transformer. �e factors are as follows:

(1) Size of transformer to be powered.
(2) Machines and appliances to be installed.
(3) Location.
(4) Personnel capacity of building or structure.

�e designs mostly follow the voltage distribution levels
(33 kV, 22 kV, 6.6 kV, and 0.415 kV) and the classi�cation of
load types. Two designs are being prepared for comparison
purposes. For the designs, the loading section will have the
same topology and the only part that di�ers is the head
(transformer and voltage distribution) for investigation
purposes. Figures 4 and 5 show the one-line diagram for both
designs. For this research, a standard frequency of 50Hz was
chosen, and the IEC standard is used in doing ETAP work.

Start

Load Flow Analysis

Single line diagram design

(ii) Cable Sizing
(i) Generator/Transformer rating

Voltage drop
across the load

<5%

Load flow analysis
Harmonics

Fault due to Short circuit

Circuit Breaker Selection

End

Figure 3: Flow chart of the research.

4 Mathematical Problems in Engineering



4. Result and Analysis

Using ETAP the optimization analysis is done between the
two simulated one-line diagram designed and the best out of
it chosen. &e analysis is based on the below mentioned:

(i) Design of one-line diagram
(ii) Voltage drop
(iii) Short circuit analysis
(iv) Harmonics

4.1. Design of One-Line Diagram (Design A and Design B).
Figures 4 and 5 illustrates the one-line diagram for Design A
and Design B, respectively. Figure 4 illustrates Design A; a
33 kV (100MVAsc) of incoming power supply from the
utility is stepped down to 6.6 kV by a 33 kV/6.6 kV
(20MVA) step down transformer. &e voltage is then fur-
ther stepped down to 415V by a 6.6 kV/415V (5MVA) step
down transformer. In Design B as shown in Figure 5, the
incoming 33 kV of power supply is stepped down to 6.6 k by

a 33 kV/6.6 kV (10MVA) step down transformer at one end
and is stepped down to 11 kV by a 33 kV/11 kV (4MVA)
transformer at the other end. A 11 kV/415V (1MVA) is used
to reduce the voltage from 11 kV to 415V. From incoming
voltage for both designs, six groups of load are divided each
consisting of the following loads:

(i) Process Compressor
(ii) Conveyer motor and lift
(iii) Welding system
(iv) Firewater pumps
(v) General lightings
(vi) Air conditioner, UPS, HVAC, and sockets

&e comprehensive load modelling is performed in the
ETAP based upon original system data. Different design
between Design A and Design B are summarised as in
Table 5 below.

In Design B, instead of using a single 33 kV/415 step
down transformer, a 33 kV/11 kV step down transformer
and a 11 kV/415V transformer is used to step down the
voltage from 33 kV to 415V. It is not advisable to step down
directly for following reasons. &e transmission of electrical
energy will experience losses if the system is directly stepped
down from 33 kV to 415V.

4.2. Voltage Drop Analysis (Design A and Design B). &e
ETAP software calculates the voltage drop for each bus as
shown below in Figures 6 and 7. &e voltage drop (Vd) is

Table 3: List of industrial loading.

Load description Real power
(P) KW

Reactive power
(Q) KVAR

Power
factor

Apparent
power (S) KVA

Voltage
(V)

Current (I)
KA

Duty
(%)

Estimate power
demand (PD) KW

Split unit air
conditional 50.00 30.99 0.85 58.82 415.00 0.08 100 50.00

General lighting
distribution board (DB) 5.56 2.69 0.90 6.17 415.00 0.01 100 5.55

General power sockets 33.33 20.66 0.85 39.22 415.00 0.05 100 33.33
Fire water pump A 85.23 50.57 0.86 99.10 415.00 0.14 10 8.52
Fire water pump B 85.23 50.57 0.86 99.10 415.00 0.14 10 8.52
Fire water pump C 85.23 50.57 0.86 99.10 415.00 0.14 10 8.52
UPS system 88.89 55.09 0.85 104.58 415.00 0.15 100 88.88
Process compressor A 842.11 477.24 0.87 967.94 6600.00 0.08 100 842.10
Process compressor B 842.11 477.24 0.87 967.94 6600.00 0.08 10 84.21
Process compressor C 842.11 477.24 0.87 967.94 6600.00 0.08 100 842.10
Recirculation pump A 46.51 31.26 0.83 56.04 415.00 0.08 100 46.51
Recirculation pump B 46.51 31.26 0.83 56.04 415.00 0.08 10 4.65
Recirculation pump C 46.51 31.26 0.83 56.04 415.00 0.08 100 46.51
Conveyor motor A 33.33 25.00 0.80 41.67 415.00 0.06 100 33.33
Conveyor motor B 33.33 25.00 0.80 41.67 415.00 0.06 100 33.33
Conveyor motor C 33.33 25.00 0.80 41.67 415.00 0.06 100 33.33
Welding system A 13.64 6.60 0.90 15.15 415.00 0.02 50 6.82
Welding system B 13.64 6.60 0.90 15.15 415.00 0.02 50 6.82
Welding system C 13.64 6.60 0.90 15.15 415.00 0.02 50 6.82
HVAC 100.00 61.97 0.85 117.65 415.00 0.16 100 100.00
Lighting DB A 22.22 13.19 0.86 25.84 415.00 0.04 100 22.22
Lighting DB B 22.22 13.19 0.86 25.84 415.00 0.04 10 2.22
Lighting DB C 22.22 13.19 0.86 25.84 415.00 0.04 100 22.22
Lift 11.76 8.21 0.82 14.35 415.00 0.02 50 5.88
Total (P, Q, S, I & PD) 3418.65 1991.19 3957.99 1.72 2342.41

Table 4: Total analysed estimation power demand.

Types of load Total power (kW)
i. Operating load 2166.12
ii. Peak load 2342.44
iii. Peak load + 10% of (i) 2559.06
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measured after voltage has �owed through the bus line as
well as the loading on the bus, such as transformer, cable,
and other loads. �en the voltage loss is computed and
displayed. According to the results achieved in Design A,
the highest voltage drop is observed at cable 8 with a Vd
value of 0.64 percent, while the lowest voltage drop is
observed with a Vd value of 0 percent. Because the per-
centage of voltage drop is less than the allowable voltage
drop, which is less than 5%, this design may be considered
acceptable. In Design B, it demonstrates that the highest
voltage drop is measured at transformer 10, which has a
0.34% Vd. �e lowest voltage drop is measured to be 0.0%.

�e di�erence in reading the voltage drop is due to the
distance between the cable and the impedance of the cable.
Also, the voltage drop in the transformer is due to the
sizing of the transformer. �e arrangement of the trans-
former also plays a main role in the voltage drop. In Design
B, the number of transformers used is three, and there is
utilisation of the tap changer transformer. �e purpose of
the tap changer transformer is to supply a desired voltage
to the load, to counter the voltage drops due to loads, and
to counter the input supply voltage changes on load. �e
voltage control is done by changing the turn ratio. �is is
done by the provision of taps in the winding. Design B can
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Figure 4: Single Line diagram-Design A.
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also be said to be a good design because the percentage of
the voltage drop is less than the acceptable voltage drop,
which is 5%. �e report generated by ETAP for the voltage
drop is shown in Figures 6–8 from the branch losses
summary report.

Table 6 summarises the report’s �ndings for both case
studies in relation to the IEE Wiring Regulation (BS7671 :
2008) and IEC60343 : 2001. According to the data, Design B
is a better design to Design A in terms of voltage drop
percent.
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Lighting Lighting DB AGeneral
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Socket
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Recir. Pump B
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Recir. Pump C
56 kVA 99.1

FW Pump A
kVA 99.1

FW Pump B
kVA 99.1

FW Pump C
kVA

Figure 5: Single Line diagram-Design B.

Table 5: Comparison load modelling for Design A and B.

No Design A Design B
1 Step down voltage rating 33 kV⟶ 6.6 kV⟶ 415V Step down voltage rating 33 kV⟶ 11 kV⟶ 415V
2 Two transformers �ree transformers
3 One emergency generator set Two emergency generator set
4 Same sub load Same sub load
5 Di�erent design in supplying power Di�erent design in supplying power
6 100MVA supplying power 200MVA supplying power
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CKT / Branch

ID

From-To Bus Flow

MW Mvar

To-From Bus Flow

MW kW

Losses % Bus Voltage
Vd

% Drop
in Vmagkvar ToFromMvar

Cable 2

Cable 20

Cable 7

Cable 8

1.752

-2.288

0.020

0.311

0.993

-1.344

0.010

0.192

-1.752

2.288

-0.020

-0.310

-0.993

1.344

-0.010

-0.191

0.1

0.3

0.0

1.6

0.1

0.4

0.0

2.0

99.6

99.6

98.4

98.4

99.5

99.6

98.4

97.8

0.01

0.02

0.02

0.64

Figure 6: Report list for voltage drop percent at cable 8 in Design A.

CKT / Branch

ID

From-To Bus Flow

MW Mvar

To-From Bus Flow

MW kW

Losses % Bus Voltage
Vd

% Drop
in Vmagkvar ToFromMvar

T10 0.083 0.395 -0.082 -0.387 1.4 8.0 100.0 100.3 0.34

T11 1.766 1.033 -1.764 -1.000 2.2 33.4 100.0 99.9 0.11

T12 0.084 0.398 -0.083 -0.395 0.3 2.9

6.7 48.0

100.0 100.0 0.01

Figure 7: Report list for voltage drop percent at transformer 10 in Design B.

98.43%

98.41%

1% 98.41%

90.0% 0.6% Vd

90.0%
0.0% VdVd

7 kVA

7 kVA

85.1%
366

Cable8

Cable23

Welding C
15.2 kVA

22

kV

(a)

13%
0.3% Vd

99.43%

99.43%

90.0%
0.0% Vd

0.0%

Vd

7 kVA

7 kVA

375 kVA
85.1%

90.0%

Cable8

Cable23

Welding C
15.2 kVA

22

5

5

kV

(b)

Figure 8: Branch summary report. (a) Design A–Vd at cable 8. (b) Design B–Vd at transformer 10.

Table 6: Summarised report of Voltage drop between Design A and Design B.

Type of supply BS7671 :
2008 (%)

IEC60343 :
2001 (%) Design A Design B

Public low voltage distribution system supplying LV
load 5 5

Cable 6� 0.65% Cable 6� 0.12%
Cable 8� 0.64% Cable 8� 0.33%
Cable 9� 0.27% Cable 9� 0.28%
Cable 38� 0.10% Cable 45� 0.32%

Cable 45� 0.56% Transformer
10� 0.34%

Transformer
1� 0.43%
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4.3. Short Circuit Analysis (DesignAandB). In Design A the
fault is located at the bus 57 and bus 60. When the fault
occurs, the current value at the bus 57 increased up until
26.44 kA and the current value at bus 60 rise to 17.3 kA.
While for the Design B, the fault is located at the bus 9 and
bus 16. Table 6 summarises the fault current for both of
design.

&e current on bus 9 climbed to 7.3 kA during the fault,
whereas the current on bus 16 jumped to 21.1 kA as shown in
Table 7. &e current value becomes extremely high because
the impedance to current flow is extremely low. &e fault
current generated during a short circuit has a tendency to
take the small impedance path and always reaches the
ground. &e evaluation of the earth faults and localization is
very important for an industrial grid [10]. &e closer the
power sources are, the more they contribute to the fault

current. Currents from the separate power sources con-
centrate near the fault, resulting in a total fault current that
can be hundreds of times larger than usual. Design B is
determined to be better than Design A in terms of fault
current since the magnitude of the fault current is sub-
stantially reduced compared to Design A.

4.4. Harmonics. Total harmonic distortion is measured in
percentage. From Table 8, all loads in Design B shows the
lower value of THD compared to Design A which indicates
the higher value of THD.

Design B demonstrates that lower percentages indicate
significantly smaller THD.&e difference between these two
designs can be seen in the waveforms and spectrums. &e
overall harmonic current and voltage restrictions for this

Table 7: Summaries of fault current between Design A and B.

No Design A Design B
1 Fault current at bus 57� 26.44 kA Fault current at bus 9� 7.3 kA
2 Fault current at bus 60�17.3 kA Fault current at bus 16� 21.1 kA

Table 8: Comparison of %THD for Design A and Design B.

No Industrial load
%THD

Design A Design B
1 Process compressor 1.92 1.40
2 Conveyer motor 2.11 1.50
3 Lift 2.11 1.51
4 Welding system 2.12 1.51
5 Firewater Pumps 2.13 1.53
6 General lightings 2.25 1.59
7 UPS and HVAC 2.31 1.65
8 Air cond and sockets 2.30 1.64

Figure 9: Value of %THD for load process compressor.
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power system will be set at 8% and 5%, respectively, by the
IEEE519-92 standard.�e objectives of the current limits are
to limit the maximum individual frequency voltage

harmonics to 3% of the fundamental and the voltage THD to
5% for systems. �e results obtained show the circuit suc-
ceeds in achieving THD of less than 5%. Figure 9 shows the
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Figure 10: Harmonic diagram bus Design A–Spectrum.
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Figure 11: Harmonic diagram bus Design B–Spectrum.
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THD for the process compressor under design B. Figures 10
and 11 show the harmonic spectrum for designs A and B,
respectively.

5. Conclusion

&e goal of this research is to design a long-term in-
dustrial power system in a practical situation. Two sep-
arate power systems of one-line diagram have been built
with both systems in reference to the environment and
sustainability issues, safety of personnel and equipment,
minimum power losses, harmonic analysis, and addition
of the load using the ETAP software. Before designing the
one-line diagram, effective load planning and total power
demand estimation must be established, and the loads
must also be classified according to their rating and
powered by a reliable power source. &e precise load list
in terms of required power, load factors, load types, and
relevant feeding types assures a reliable system. During
the designing of the one-line diagram, selection proce-
dures of the electrical equipment and accessories, in-
cluding cables, transformers, and circuit breakers, are
presented with the following factors: the size of equip-
ment, voltage drops, losses, and THD will be checked by
the load flow study and according to the standards.

Cable sizing, for example, is vital in many aspects, such
as cost, voltage drop, and reactive power losses. Improper
cable sizing could have a severe impact on the system,
resulting in faulty conditions. After finalising the power
system design, the two designs are analysed by applying
energy efficiency considerations to specific loadings such as
voltage drop analysis, fault current analysis, and THD
analysis. According to the results of the analysis, Design B is
significantly better than Design A. Upon completing this
research, it is evident that designing an electrical system is
not a straightforward process, and there are numerous
factors that should be carefully examined, either on the
estimating or analysis side.

Data Availability

&e data can be obtained from the corresponding author
upon request.

Conflicts of Interest

&e authors declare that they have no conflicts of interest.

Acknowledgments

&ere is no funding for this research. Editing and writing
was supported by Debre Tabor University, Ethiopia

References

[1] G. Peter, K. Praghash, A. Sherine, and V. Ganji, “A combined
PWM and AEM-based AC voltage controller for resistive
loads,” Mathematical Problems in Engineering, vol. 2022,
Article ID 9246050, 1-11 pages, 2022.

[2] K. Handono, T. Tukiman, I. M. Putra, and L. Subekti, “Short
circuit analysis on electrical power supply building # 71
BATAN for case reliability study of nuclear power plant
electrical protection system,” in Proceedings of the AIP
Conference Proceedings, Padang, Indonesia, December 2019.

[3] J. S. Subjak and J. S. McQuilkin, “Harmonics-causes, effects,
measurements, and analysis: an update,” IEEE Transactions on
Industry Applications, vol. 26, no. 6, pp. 1034–1042, 1990.

[4] G. Peter and A. Sherine, “Induced over voltage test on
transformers using enhanced Z-source inverter based circuit,”
Journal of Electrical Engineering, vol. 68, no. 5, pp. 378–383,
2017.

[5] S. Liling, L. Heming, and X. Boqiang, “Analysis on the
transient of stator-rotor-hybrid fault in squirrel cage induc-
tion motors,” in Proceedings of the 2005 International Con-
ference on Electrical Machines and Systems, pp. 1939–1944,
Nanjing, China, September 2005.

[6] G. Peter, A. Sherine, and S. B. Iderus, “Enhanced Z-source
inverter-based voltage frequency generator to conduct in-
duced over voltage test on power transformers,” International
Journal of Power Electronics, vol. 12, no. 4, p. 493, 2020.

[7] P. P. Khera, “Application of zigzag transformers for reducing
harmonics in the neutral conductor of low voltage distribu-
tion system,” in Proceedings of the Conference Record of the
1990 IEEE Industry Applications Society Annual Meeting,
p. 1092, IEEE, Seattle, WA, U.S.A, October 1990.

[8] K. Handono, E. Sumarno, K. Kiswanta, and
K. Indrakoesoema, “Short circuit analysis on HPS electrical
system,” Journal of Physics: Conference Series, vol. 1198, no. 2,
Article ID 022001, 2019.

[9] A. Blaszczyk and A. Uhl, “A contribution to industrial grid
computing,” in Recent Advances in Parallel Virtual Machine
and Message Passing Interface, D. Kranzlmüller, J. Volkert,
P. Kacsuk, and J. Dongarra, Eds., pp. 70–77, Springer, Berlin,
Germany, , 2002.

[10] T. Kamel, Y. Biletskiy, and L. Chang, “Fault diagnoses for
industrial grid-connected converters in the power distribution
systems,” IEEE Transactions on Industrial Electronics, vol. 62,
no. 10, pp. 6496–6507, 2015.

[11] K. W. Klontz, T. J. E. Miller, M. I. McGilp, H. Karmaker, and
P. Zhong, “Short-circuit analysis of permanent-magnet gen-
erators,” IEEE Transactions on Industry Applications, vol. 47,
no. 4, pp. 1670–1680, 2011.

[12] F. Erata, A. Goknil, E. Yıldız et al., “ETAP: Energy-Aware
Timing Analysis of Intermittent Programs,” 2022, https://
arxiv.org/abs/2201.11433.

[13] G. P. Kornilov, I. R. Abdulveleev, R. R. Khramshin, and
O. V. Gazizova, “&e system for stabilizing voltage for es-
sential consumers in industrial grids,” in Proceedings of the
2021 International Conference on Industrial Engineering,
Applications and Manufacturing (ICIEAM), pp. 209–213,
IEEE, Sochi, Russia, May 2021.

[14] B. M. A. Kadhimi, “Analysis for industrial grid containing
nonlinear loads,”Wasit Journal of Engineering Sciences, vol. 5,
no. 1, pp. 35–58, 2018.

[15] A. Arizaldi, S. Salahuddin, M. Muhammad, V. Jain,
G. P. Pandey, and M. J. Watane, “Short circuit analysis on
distribution network 20 kV using etap software,” Journal of
Renewable Energy, Electrical, and Computer Engineering,
vol. 1, no. 2, 2021.

[16] M. T. Riaz, M.M. Afzal, S. M. Aaqib, andH. Ali, “Analysis and
evaluating the effect of harmonic distortion levels in industry,”
in Proceedings of the 2021 4th International Conference on

Mathematical Problems in Engineering 11

https://arxiv.org/abs/2201.11433
https://arxiv.org/abs/2201.11433


Energy Conservation and Efficiency (ICECE), Lahore, Pakistan,
March 2021.

[17] N. A. Bhuiyan, “Power system harmonic analysis using
ETAP,” School of Engineering & Design Electronic & Computer
Engineering MSc Sustainable Electrical Power, Brunel Uni-
versity, England, UK, 2017.

[18] S. Li, X. Du, and L. Wang, “A grid voltage synchronization
method based on decoupled multiple synchronous reference
frame,” Transactions of China Electrotechnical Society, vol. 26,
no. 12, pp. 183–189, 2011.

12 Mathematical Problems in Engineering


