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ABSTRACT In Baghdad City’s distribution power grid, a massive number of 630 kV distribution trans-
formers (DTs) are used in residential neighborhoods. Each DT is joined to nine low-voltage 0.415 kV
distribution feeders. Each feeder has a designated size of 1 × 240 mm2 and is joined to a specified number
of residential dwellings (N = 30) fixed in the initial design stage. The size and number of low-voltage
0.415 kV distribution feeders are set with no change. In this investigation, we use a new approach for
modeling electricity demand in residential neighborhoods in Baghdad City and overcome this constraint by
finding the optimum number of residential dwellings joined to the same low-voltage 0.415 kV distribution
feeder. Two sets of the experimental equations are created to compute the number of residential dwellings that
are required to be joined to the low-voltage 0.415 kV distribution feeder. The multi-gradient particle swarm
optimization algorithm is used as an optimization tool to handle these experimental equations. Results show
that each low-voltage 0.415 kV distribution feeder can be loaded with 50 dwellings instead of 30 due to
the diversity among residential dwellings. Several facts about the load profile characteristics of residential
dwellings in Iraq are established. This study’s outcomes provide useful technical references for Iraq electrical
design engineers to update the connection grids of low-voltage 0.415 kV distribution feeders in Baghdad City
to achieve economic benefits.

INDEX TERMS Iraqi distribution power grid, low-voltage 0.415 kV distribution feeder, diversity factor,
residential dwellings’ load profile, electricity modeling.

NOMENCLATURE
SYMBOL DESCRIPTION
c1, c2 Acceleration coefficients are set 2.0
r1, r2 Random numbers are within a range of

[0, 1]
w Inertia weight
N iter,explore Number of iterations in the exploration

stage
N iter,exploit Number of iterations in the exploitation

stage
N iter Number of iterations
grad Negative gradients
m Number of particles inside a swarm
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V Velocity factor
X Position vector
Gpers Personal experience of the particle

Gbest Best particle experience in a swarm
Iph Phase current
Pcalculated,feeder Calculated maximum kW demand

ABBREVIATION DESCRIPTION
A Ampere
BIM Building information modeling
DPG distribution power grid
DT Distribution transformer
DF Diversity factor
Hz Hertz
IMERs Iraq ministry electricity regulations
kV Kilovolt
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kVA Kilovolt ampere
kW Kilowatt
MG-PSO Multi-gradient particle swarm

optimization
N Number of residential dwellings

I. INTRODUCTION
Electrical loads can be classified into three categories: are
residential, commercial, and industrial. Electrical design
engineers of distribution power grids (DPGs) in Iraq have
progressively focused their attention on residential dwellings
load. An extensive effort has been exerted to manage and
reduce this sector’s electricity consumption given that res-
idential dwellings account for the most extensive electric-
ity consumption share. In addition, residential dwellings
contribute considerably to the maximum kW demand. For
example, 78000 distribution transformers (DTs) with a mas-
sive number of low-voltage 0.415 kV distribution feed-
ers have been installed; the residential dwellings consume
more than 3000 MW in the residential neighborhoods of
Baghdad City [1].

Electrical design engineers of Iraq DPGs aim to meet two
objectives [2]–[4]: studying the current residential dwelling
load profile characteristics [5]–[11] and model the electricity
kW demand [12]–[18]. The common factor among residen-
tial dwellings, called the diversity factor (DF), is the back-
bone of electricity demand modeling. In general, residential
dwellings joined to the same low-voltage 0.415 kV distribu-
tion feeder consume different maximum kW demands given
their different lifestyles, use of various electrical appliances,
and contrasting natural DF . Thus, diversity in electricity kW
demands increases. Owing to this diverse nature of electricity
kW demands, simultaneous and full-load electricity supply to
all residential dwellings is unnecessary.

The DF is computed as the quantitative relation of the
sum of individual consumers’ maximum demands to the
whole system maximum demand [19]–[21]. The DF deter-
mines the entire systemmaximum kW demand for electricity,
providing a current landscape perspective of the residential
dwelling behavior and characteristics during the maximum
kW demand period. In addition, DPGs have become smarter
than before, and given the novel technologies utilized in this
sector, numerous smart recorders and monitors have been
installed to improve the operation of DPGs.

Numerous researchers have conducted studies on electric-
ity usage on residential, commercial, and industrial loads.
However, this investigation focuses on residential loads only
because they account for the largest share of electricity
consumption. The recent studies by other authors are clas-
sified into three categories based on their followed analysis
approach.

The first category of researchers used survey and probabil-
ity to provide flexible control on electricity consumption to
study and improve residential dwelling load profile character-
istics. In [22], the authors used a time-use survey throughout

the combination of electrical appliance uses and household
activities to determine the Danish residential dwellings’ load
profile for 24 h.The authors in [23] used a probabilistic
model to compare electricity- demand simulated data and
actual recorded data in United Kingdom households. They
observed a large difference in electricity consumption among
residential dwellings due to the geographical distribution of
consumers.

The second category used a frequency domain and building
information modeling (BIM) to study the residential dwelling
load profile. In [24], the authors drew the load patterns of
residential dwellings in Japan using BIM software, to control
the hot-water operation for 24 h. Linear relationship charac-
teristics have been obtained between the supply and demand
for electricity. In [25], the authors used the frequency domain
analysis of phase current signals of non-intrusive monitoring
systems to study the behaviour of residential dwelling for a
day. In [26], the authors used frequency analysis to recognize
a household’s lifestyle through the electricity bill. The authors
suggested a household follow-up a routine in using electrical
appliances to reduce electricity bills.

The third category of researchers used technology penetra-
tion rates to provide flexible control on electricity consump-
tion to study and improve residential dwellings’ load profile
characteristics. The authors in [27] used smart appliances,
e.g., washing machines and dishwashers, as a potential solu-
tion to the study load profile characteristics under smart and
non-smart electrical appliances. This procedure was applied
to twelve countries in Europe.

In [28], the authors studied the supplied electricity barri-
ers to residential loads in Netherland, such as environment
circumstances, renewable power resources, and shift in elec-
tricity demand, to provide useful details about the household
electricity demand behavior. The investigation in [29] was
used to discover possible changes in residential dwelling load
profile under current technological development. The authors
concluded that the load profile will dramatically change in
the future due to an extensive penetration of electric vehicles
to the world market, particular types of heating pumps, and
air-conditioning systems. Thus, the annual maximum kW
demand will increase significantly. However, the growth in
solar panels industry development and advanced energy man-
agement systems reduce the yearly peak kW demand [30].

In [31], the flexibility of individual technologies, such as
electric vehicles and photovoltaic battery systems, were used
in residential dwellings’ to study the behavior of residential
dwellings’ load profile in Germany. The authors in [32] pro-
posed the shuffled frog leaping algorithm to handle the daily
load curve of residential dwellings to optimize the electricity
consumption and determine the long-term operating modes
of household electrical appliances. However, monitoring of
residential dwellings remains a significant limitation in the
study of residential dwelling load characteristics. In [33],
orthogonal particle swarm optimization (PSO) algorithm was
used to compute the number of residential dwellings joined
to the same DT. The authors in [34] utilized a smart meter
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joined inside a household to record the real power. This
procedure provides a means to collect data from dwellings
and use the collected data to determine the DT load burden.
In [35], the load profile of residential dwellings’ load profile
was estimated using real-time kW and kVAR meter readings
recorded inside a DT.

A set of differential equationswas used in [36] to determine
residential dwelling load characteristics. The authors in [37]
utilized kWh meters joined to a power transformer to com-
pute the annual kWh consumption and kW demand. In [38],
the load profile data were collected from monthly load
curve readings, and electricity consumption was recorded
for a month. Subsequently, the artificial neural network was
applied to determine the load profile characteristics. In [39],
the authors used a genetic algorithm to analyze the data
recorded for each DT; the load profile for dwellings joined
to a DT was also determined. This procedure was applied
to optimize and manage the rating of each DT joined to
DPG. In [40], linear programming was applied to formu-
late the electrical load demand records obtained from smart
power meters to determine the electricity consumption during
daytime.

The contribution and novelty of this investigation have
been organized as follows.

1) The different practical approaches used in previous
investigations emphasize the importance of studying
residential dwellings load characteristics and electricity
modeling. However, they do not address theDF among
residential dwellings.

2) The DF is not addressed by theIraq Ministry of Elec-
tricity Regulations (IMERs) for such a practical prob-
lem. Thus, this research study can become a technical
reference in addition to IMERs.

3) Three residential neighborhoods in Baghdad City,
namely, Al-Hurriya City, Al-Mustansiriya, and
Al-Jadriya, are selected.

4) A sample of 500 dwellings from each residential neigh-
borhood is obtained. Thus, the total number of residen-
tial dwellings is 1500.

5) Smart electricity meters are joined to several low-
voltage 0.415 kV distribution feeders to record the
maximum kW demand and the number of dwellings
joined to each low-voltage 0.415 kV distribution feeder.

6) The real-time kW demand readings are recorded
for 24 h.

7) The current design of low-voltage DPG in Iraq includes
nine low-voltage 0.415 kV distribution feeders (size:
1× 240 mm2) joined to a DT. Each distribution feeder
is joined to a fixed number of 30 residential dwellings
in the initial design stage. In the current research study,
we determine theDF among residential dwellings con-
nected to the same low-voltage 0.415 kV distribu-
tion feeder to find the optimum number of residential
dwellings required for this distribution feeder.

8) The size and number of the low-voltage 0.415 kV dis-
tribution feeder are fixed in the initial design stage with

no change. This study overcomes this constraint by
finding the optimum number of residential dwellings
joined to the same low-voltage 0.415 kV distribution
feeder.

9) The load demand profile characteristics and electric-
ity modeling of residential dwellings of each resi-
dential neighborhood are determined through finding
the experimental relationship between DF, maxi-
mum kW demand and the number of residential
dwellings.

10) The approach used in the current investigation is dif-
ferent from that adopted in our previous study [33].
In [33], we used the coincidence factor of residential
consumers to compute the maximum kW demand, and
the number of dwellings joined to the same DT. How-
ever, in the current investigation, we use theDF among
residential dwellings to compute the maximum kW
demand and find the number of residential dwellings
joined to the same low-voltage 0.415 kV distribution
feeder.

11) The current investigation satisfies enormous economic
benefits in planning and designing DPGs in Iraq by
determining the number of residential dwellings con-
nected to the same low-voltage 0.415 kV distribution
feeder, savings in kW power demands, and savings in
operating cost.

12) This research is more accurate than the previous work
describing the load profile characteristics of residential
dwellings and electricity modeling in Baghdad City.
The kW load demands and the number of residential
dwellings connected to the same distribution feeder
during the day are determined.

The rest of this investigation is organized as follows.
Section II depicts the methodology used in this investigation.
Section III provides the outcomes and discussion of this
investigation, and Section IV provides the conclusion.

II. METHODOLOGY
This section explains the behavior and characteristics of
Baghdad residential dwellings and electricity kW demand
modeling. The multi-gradient PSO (MG-PSO) algorithm is
applied as an optimization tool for such a practical problem.

A. RESIDENTIAL DWELLING LOAD PROFILE
The residential dwellings in three neighborhoods, namely,
Al-Hurriya City, Al-Mustansiriya, and Al-Jadriya, are sup-
plied with electricity from a massive 630 kVA kiosk-type
(11/0.415 kV). The low-voltage side of 630 kVA is joined
to nine low-voltage 0.415 kV distribution feeders, and each
0.415 kV distribution feeder is joined to a fixed number of
residential dwellings (30) in the design stage [41].

The three residential neighborhoods are selected based on
the IMERs [41] and briefly described as follows.

1) Al-Hurriya City: Ancient dwellings with an area of
150 - 250 m2; each dwelling has a high-density of
people, and most of them have limited incomes.
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2) Al-Mustansiriya: Old dwellings with an area of
400 - 600 m2; each dwelling has a medium-density of
people, and most of them have medium incomes.

3) Al-Jadriya: New dwellings with 400 - 800 m2; each
dwelling has a low- to medium-density population, and
most of them have high incomes.

B. MEASUREMENT INSTRUMENTS USED FOR THE LOAD
DEMAND OF RESIDENTIAL DWELLINGS
The apparatus equipment used in this investigation are clas-
sified as follows.

1) A three-phase (3-ph) kW smart meter (real power mea-
surement) produced by Siemens Company with four
wires, 415 V, 160 A, and 50 Hz, is used to measure
the kW load demands of residential dwellings joined to
the low-voltage 0.415 kV distribution feeder.

2) A Hioki 8701 chart recorder with a Z-fold chart paper
is utilized for real-time recording of the load demand
changes within 24 h [42].

3) A kWh meter placed in each dwelling is used to mea-
sure the kW load demand.

We select 630 kVA kiosk-type DT with 11/0.415 kV, 3-ph,
and 50 Hz in this research investigation. Each phase of the
low-voltage side is equipped with three low-voltage 0.415 kV
distribution feeders. The reasons for selecting this type of DT
are as follows:

1) Siemens Company manufactures the 630 kVA kiosk-
type DT in the studied residential neighborhoods.

2) Comfortable and safe to measure underground low-
voltage distribution cables are used.

3) Electrician staff are available 24 h with high security.
4) The connections of our kW smart meters are estab-

lished by the electrician staff of the Ministry of
Electricity.

C. ANALYSIS OF THE MEASURED RESIDENTIAL
DWELLING LOAD DEMAND DATA
Twenty-five 3-ph kW smart meters are used to study the resi-
dential dwellings’ load profile in Baghdad City by recording
the kW load demand in the three residential neighborhoods.
Each kW smart meter is connected to a low-voltage 0.415 kV
distribution feeder for three days in July or August to
cover a possibly large residential area of the test sample,
i.e., 1500 residential dwellings. Measurements are performed
in summer (July and August) when the ambient temperature
is between 48 ◦C and 53 ◦C. This procedure provides a land-
scape perspective of the load demand profile of residential
dwellings.

APPENDIX A presents the daily load curves of the resi-
dential dwellings in the three neighborhoods. The real-time
kW demands measured for several dwellings for 24 h, and
the maximum kW load demands are also recorded. Two
load demand crests merge each day during the summer
season, with one occurring from midnight to morning and
the other from afternoon to evening. Both crests are due to

the operation of air-conditioning systems in each residen-
tial dwelling. Thus, the load profile of residential dwellings
during summer is promptly influenced by the number of
dwellings joined to the same low-voltage 0.415 kV distribu-
tion feeder. The limitations of this research investigation are
as follows:

1) The continuous recordings of the 3-ph kW smart meter
do not cover all conceivable numbers of dwellings
joined to the same low-voltage 0.415 kV feeder.

2) The number of dwellings allocated to each 0.415 kV
feeder is nine and executed accordingly in the initial
design stage.

3) The electricity supplied to several dwellings is inter-
rupted for at least 2-3 h per day during summer due to
the direct electricity interruption program of the Min-
istry of Electricity. This interruption results in intermit-
tent load recordings for 24 h.

4) Electricity interruption occasionally occurs at themaxi-
mum kW load demand period. This procedure becomes
difficult, especially when the number of dwellings is
large. In several cases, the maximum kW load demand
cannot be recorded when the family is unavailable in
their residence during the maximum demand period.
These difficulties cause the impossibility of covering
all residential dwellings and to obtaining a continuous
domain of readings.

APPENDIX B provides the summary of residential
dwelling loads recorded during summer for the residen-
tial neighborhoods of Al-Hurriya City, Al-Mustansiriya, and
Al-Jadriya.

To model the measured data in APPENDIX B for each
residential area, we consider the following assumptions.

1) The number of residential dwellings is denoted by N .
2) The sum of individual residential dwelling max-

imum kW demand measured is represented by
Pmeasured,consumers in (kW).

3) The maximum kW demand measured for the whole
residential dwellings joined to the same 0.415 kV dis-
tribution feeder is indicated by Pmeasured,feeder in (kW).

Figure 1 shows the load profile characteristics and behavior
of residential dwellings in the three neighborhoods during
a maximum load demand period in summer season (i.e.,
July and August, 3:00 PM to 5:00 PM; the range of tem-
perature reaches between 48 ◦C and 53 ◦C. The measured
results in APPENDICES A and B demonstrate the relation-
ship between the sum of individual dwellings’ maximum
kW load demand and the maximum kW load demand of
residential dwellings joined to the same 0.415 kV distribution
feeder. For a particular number of dwellings, this relationship
is linear for all three residential neighborhoods. When the N
number of dwellings is more than 50 (Fig. 1), a distinct gap
exists between Pmeasured,consumers and Pmeasured,feeder . This
condition confirms that theDF is available among residential
dwellings and gives us a view of the load profile characteris-
tics of residential dwellings.
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FIGURE 1. Measured kW load demands of residential dwellings in the
maximum demand period in Al-Hurriya City, Al-Mustansiriya, and
Al-Jadriya neighborhoods.

D. MG-PSO ALGORITHM
TheMG-PSO algorithm is applied as an optimization tool for
handling the research problem. Recent studies have validated
this algorithm’s capability in solving real-world problems in
science and engineering [43]–[46].

This algorithm uses several distinct negative gradients
through inspections and research on the target population

for an optimum solution. The best particle inside a swarm
population is prevented from the fall in the local minima
arising from different negative gradients to obtain a possible
solution.

Two stages of exploration and exploitation processes are
constructed in this algorithm. The first stage is the exploration
stage, in which a particle is an explorer, and m explorers
utilize distinct episodes. In every episode, a new neighbor-
hood is discovered by m explorers through a distinct negative
gradient. The m explorers in the first stage are used to boost
the algorithm’s global search capability. At the end of the
early stage, the m explorers supply a search space boundary
that will use a new search space in the next stage.

The second stage is the exploitation stage, in which a parti-
cle is an exploiter, and m exploiters use one negative gradient
that is less than that used in the first stage to exploit the
best neighborhood in the search space. A small imperceptible
change in velocity and position vectors during the updating
processes is achieved using a slightly negative gradient. Thus,
the m particles move steadily toward the candidate solution,
that is, global optimum. Subsequently, the m exploiters boost
the algorithm’s local research capability.

The integration of the two stages provides the equilibrium
between their processes in a search space area, and they are
successfully used to overcome the disadvantages of gradient
optimization methods. Negative gradient variations prevent
the best particle inside a swarm population from dropping to
the local minimum and ensuring its escape.

E. LEARNING STRATEGY
The following assumptions demonstrate the MG-PSO algo-
rithm learning strategy. The m particles inside a swarm pop-
ulation seeking a solution in a d-dimensional space, and each
ith particle (i = 1, 2, . . . ,m) adjusting its moving path on
the basis of two guides are its personal experience Gpers,i
and its neighborhood’s best experience Gbest , respectively.
When seeking for a possible solution, the ith particle gains
information from its Gpers,i and Gbest . In this manner, a parti-
cle utilizes the best experience of m particles while selecting
Gbest as the best neighbor experience.
In the first stage, an explorer follows distinct episodes,

and the m explorers in every episode apply a distinct nega-
tive gradient to discover a new search space area, i.e., new
neighborhood. The m explorers aim to obtain a new neigh-
borhood in a d-dimensional search space, and they achieve
the best neighborhood among the used distinct episodes. The
m explorers in every episode gain the best position vector
following their neighborhood by applying a distinct negative
gradient.

The neighborhood is achieved by considering the ceiling
and floor of every element of the best position vector. These
procedures yield a new search space, the best neighborhood
throughout the d-dimensional search space that will be uti-
lized in the next stage.

In the second stage, an exploiter is utilized, and the m
exploiters utilize one negative gradient that is less than that
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used in the first stage. This stage aims to obtain an optimum
solution, i.e., the best position used by the best particle in a
swarm, by exploiting m exploiters in the best neighborhood
achieved from the exploration stage.

F. STRUCTURE
In this section, we discuss the structure of the MG-PSO
algorithm and parameters used. Assume that Ngrad is the
number of negative gradients utilized, and the population of
m particles inside a swarm searches for a possible solution of
an objective function in a d-dimensional search space area.
The Ngrad−1 negative gradients are utilized in the explo-

ration stage, and one negative gradient is utilized in the
exploitation stage.

Different negative gradients are used to boost the local and
global search capabilities of the swarm in a d-dimensional
search space. In addition, the inertia weight w follows one
negative gradient in each episode. The negative gradient of w
controls the tendency to converge of m particles during the
search processes in the two stages to obtain a solution.

Consider Niter as the total number of iterations during the
search processes by m particles. The number of iteration
achieved by m explorers in the exploration stage is Niter,xplore
and given by Eq. (1).

Niter,xplore = γ×Niter, (1)

where γ is a positive and real number in the range of [0, 1].
The number of iterations achieved by m exploiters in the
exploitation stage is Niter,exploit and given by Eq. (2).

Niter,exploit = (1− γ )× Niter, (2)

For the kth negative gradient, k = 1, 2, . . . ,Ngrad , the
initial and final values of w are denoted as wini,k and wini,k ,
respectively. Both values are positive and real numbers in the
range of [0, 1], in which the following is obtained:

wini,k > wfin,k , (3)

The kth negative gradient, gradk , k = 1, 2, . . . ,Ngrad−1 in
the exploration stage is given by the following:

gradk =
wfin,k − wini,k
Niter,xplore

, (4)

Meanwhile, the negative gradient gradNgrad in the exploration
phase is given by Eq. (5).

gradNgrad =
wfin,Ngrad − wini,Ngrad

Niter,xploit
, (5)

The Ngrad gradients are designated such that Eq. (6) is
satisfied.∣∣grad1∣∣ > ∣∣grad2∣∣ > ∣∣grad3∣∣ · · · > ∣∣∣gradNgrad ∣∣∣ , (6)

For the kth negative gradient, k = 1, 2, . . . ,Ngrad , the wk (t)
at iteration, t , is given by Eq. (7).

wk (t) = gradk×t + wini,k, (7)

Figure 2 provides the pseudocode of the MG-PSO algorithm.
In the exploration and exploitation stages, using different
negative gradients in each episode satisfies the following
steps.
Step #1: Them explorers can discover a new neighborhood

within a d-dimensional search area.
Step #2: The best exploiter can prevent the m exploiters

from falling into a local minimum.
Step #3: The diversity in negative gradients boosts the

capability of the local search of m exploiters to
obtain an optimum solution.

Step #4: The guides Gpers,i and Gbest are used to update
the velocity vector Vi(t) (Figure 2). The conflict
between the two guides leads to a loss of balance
between the global and local search processes.
However, in the MG-PSO algorithm, the conflict
is eliminated using the two stages with different
negative gradients.

Step #5: The combination of the m explorers and m
exploiters balances the global and local search
processes.

Step #6: The variables c1 and c2 [47]–[49] are accelera-
tion coefficients for the m particles with positive
and real numbers with a range of [1, 2] (Fig. 2).
The variables r1(t) and r2(t) [47]–[49] are created
randomly within the range of [0, 1] with uniform
distribution (Fig. 2).

G. DETERMINING THE DFs OF RESIDENTIAL DWELLINGS
JOINED TO THE LOW-VOLTAGE 0.415 kV
DISTRIBUTION FEEDER
The DF of residential dwellings is an essential part of the
plan, design, and future expansion of DPGs [7], [20], [50],
[51]. Electrical design engineers use the DF to estimate the
maximum kW demand for selecting the main distribution
feeder size. The 24 h maximum kW demands by residential
dwellings do not coincide and show diversity. This diver-
sity reduces the maximum kW demand of the residential
dwellings joined to the same low-voltage 0.415 kV distribu-
tion feeder.

To achieve the objective of this investigation, we assume
that the maximum kW demand of each residential dwelling
is P. The P for N number of residential dwellings is, Pi =
P1,P2, . . . ,PN , (i = 1, 2, . . . ,N ).

The sum of individual residential dwelling maximum kW
demands is calculated by using Eq. (25).

Pmeasured,consumers =
∑N

i=1
Pi (25)

The maximum kW demand measured from residential
dwellings that are joined to the same low-voltage 0.415 kV
distribution feeder is indicated by Pmeasured,feeder . Thus,
the DF for N number of residential dwellings can be calcu-
lated using Eq. (2) [20], [52]:

DF =
Pmeasured,consumers
Pmeasured,feeder

(26)
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FIGURE 2. Pseudocode of the natural learning mechanism of the MG-PSO algorithm.

The DF is usually greater than or equal to one. When the
DF = 1, that is, a low DF , poor diversity exists among

residential dwellings. Thus, the sum of individual maximum
kW demands equals the maximum kW demand of the whole
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system. Subsequently, the cable size increases to meet the
total maximum kW demand. However, when the DF >

1, the sum of individual maximum kW demands becomes
greater than the maximum kW demand for the whole system.
Subsequently, the cable size decreases to meet the total max-
imum kW demand.

In this approach, we use the MG-PSO algorithm as an
optimization tool to model two objective functions, i.e., the
DFs of N number of residential dwellings and the maximum
kW demand of N number of residential dwellings, for three
residential neighborhoods.

The first objective function is the DFs of N number of
residential dwellings (Eq. (27)).

DF = a1 × e
−

(
N−b1
c1

)2
+
a2 × e

−

(
N−b2
c2

)2
(27)

where a1, b1, c1, a2, b2, and c2 are unknown and constant
parameters.N is the number of residential dwellings. Eq. (27)
is a second-order equation, and the MG-PSO algorithm
is used to find the constant and unknown parameters
a1, b1, c1, a2, b2, and c2 imposed on the first objective func-
tion from the obtained data shown in Figure 1.

The MG-PSO algorithm is applied to the three residential
neighborhoods, (i.e., Al-Hurriya City, Al-Mustansiriya and
Al-Jadriya) to obtain the DF for N number of dwellings as
shown in Eqs. (28) – (30).
Al-Hurriya City:

DF = 1.252× e
−

(
N−54.14
92.29

)2
+
0.1328× e

−

(
N−5.246
17.33

)2
(28)

Al-Mustansiriya:

DF = 1.25× e
−

(
N−56.71
91.35

)2
+
0.243× e

−

(
N+5.479
27.78

)2
(29)

Al-Jadriya:

DF = 1.252× e
−

(
N−53.68
92.29

)2
+
0.044× e

−

(
N+4.945
17.69

)2
(30)

H. DETERMINING THE MAXIMUM kW LOAD DEMAND OF
RESIDENTIAL DWELLINGS JOINED TO THE LOW-VOLTAGE
0.415 kV DISTRIBUTION FEEDER
As mentioned previously, the residential dwellings joined
to the same 0.415 kV distribution feeder consume different
maximum kW demands at the same time due to DF . In this
section, a quantitative relationship is established between the
maximum kW demand and N number of dwellings.
Equation (31) shows the second objective function and

is also applied to determine the maximum kW demand
Pcalculated,feeder of the existing N number of residential
dwellings:

Pcalculated,feeder = g1 × e
−

(
N−h1
n1

)2
+
g2 × e

−

(
N−h2
n2

)2
(31)

where g1, h1, n1, g2, h2, and n2 are unknown and constant
parameters, and N is the number of residential dwellings.
Eq. (31) is a second-order equation, and the MG-PSO algo-
rithm is used to find the constant and unknown parameters

g1, h1, n1, g2, h2, and n2 imposed on the second objective
function from the obtained data shown in Figure 1.

The MG-PSO algorithm is applied to obtain a set of exper-
imental equations to describe the maximum kW demand
Pcalculated,feeder , of the residential dwellings in all three res-
idential areas for N number of dwellings, as shown in
Eqs. (32 – 34).
Al-Hurriya City:

Pcalculated,feeder=61.86× e
−

(
N−64.17
39.08

)2
+
14.66×e

−

(
N−18.41
19.40

)2
(32)

Al-Mustansiriya:

Pcalculated,feeder=72.58× e
−

(
N−58.45
43.26

)2
+
17.22×e

−

(
N−17.24
13.58

)2
(33)

Al-Jadriya:

Pcalculated,feeder=74.69× e
−

(
N−58.91
41.13

)2
+
20.83×e

−

(
N−17.77
14.89

)2
(34)

The two sets of Equations (28)–(30) and (32)–(34) can help
design engineers in Iraq in planning, designing, and deter-
mining kW power demand through selecting the optimum
number of residential dwellings that can be joined to the low-
voltage 0.415 kV distribution feeder.

III. SIMULATION AND DISCUSSION
This section discusses the research study simulation results
and provides a case study of Al-Hurriya City to clarify this
investigation.

A. RELATIONSHIP BETWEEN DF AND N NUMBER
OF DWELLINGS
The measured results from the 3-ph kW smart meters are
handled using the Matlab software package 2015-A on a
personal computer, which has an Intel (R) Core (TM), CPU
running with a RAM of 4 GB, and 2.1 GHz processor speed.
The operating system is 64-bit with Windows 7 Pro.

The measured data shown in APPENDIX B are treated
using the MG-PSO algorithm. The MG-PSO algorithm is
executed with the following parameters.

1) Number of particles m = 20 particles;
2) Number of runs = 25 independent runs;
3) Total number of iteration, Niter = 500 iterations;
4) The total number of negative gradients, Ngrad = 3; two

negative gradients for the exploration stage and one for
the exploitation stage using the trial and error method;

5) Number of dimensions, d = 2;
6) Upper and lower boundaries are [−100, 100] and

[−100, 100], respectively.
The other specific parameters are shown in Table 1.
In this section, the residential dwellings load profile char-

acteristics are used to determine the relationship between the
measured and calculated DFs for N number of dwellings
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TABLE 1. Parameters Used in the MG-PSO Algorithm.

in the three residential neighborhoods (Al-Hurriya City,
Al-Mustansiriya and Al-Jadriya). Figure 3 shows these
results.

The measured DFs of N number of dwellings is shown
in blue color, whereas the calculated DF of N number of
dwellings is represented in red color (Fig. 3). The MG-PSO
algorithm can be used to estimate the DF of N number of
residential dwellings through the congruence between the
measured DF and calculated DF results (Fig. 3).
Residential dwellings’ load characteristics in three neigh-

borhoods in Baghdad City exhibit a linear relationship with
exponential characteristics (Fig. 3). The start and end of
the linear characteristics are when N = 3 and N = 50,
respectively. Subsequently, when the N number of dwellings
is more than 50, the DF becomes approximately constant.

Thus, when N increases to 50, the DF increases gradu-
ally. Then, when N exceeds more than 50, the DF becomes
constant at approximately ∼1.25. Thus, the maximum diver-
sity satisfied by the residential dwellings is 1.25 when the
number of dwellings joined to the 0.415 kV distribution
feeder is between 50 and 60. This result means that adding
residential dwellings to the distribution feeder is not ideal
because such action will eliminate the diversity of residential
dwellings.

The study’s outcomes above provide useful technical ref-
erences for electrical design engineers in Iraq to update the
connection grids of low-voltage 0.415 kV distribution feed-
ers in Baghdad City by setting 50 residential dwellings to
each low-voltage 0.415 kV distribution feeder. Themaximum
permissible DF obtained for Baghdad residential dwellings
is 1.25.

B. RELATIONSHIP BETWEEN MAXIMUM KW DEMAND
AND N NUMBER OF DWELLINGS
Figure 4 shows the second quantitative relationship between
the measured and calculated maximum kW demand for N
number of residential dwellings in three residential neighbor-
hoods in Baghdad City (Fig. 4).

FIGURE 3. Measured and calculated experimental relationships between
the DF and N number of residential dwellings.

The measured maximum kW demand Pmeasured,feeder of
N number of dwellings is shown in blue color, whereas
the calculated maximum kW demand Pcalculated,feeder of N
number of dwellings is represented in red color (Fig. 4).
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FIGURE 4. Measured and calculated experimental relationships between
the maximum kW demand on the low-voltage 0.415 kV distribution
feeder and N number of residential dwellings.

The MG-PSO algorithm can be used to estimate the
Pcalculated,feeder of N number of dwellings through the con-
gruence between Pmeasured,feeder and Pcalculated,feeder results.
The relationship between the measured and calculated

maximum kW demand exhibits linear characteristics. Thus,

FIGURE 5. Single-Line diagram of the existing Iraq DPG connection of the
0.145 kV low-voltage distribution feeder.

when N number of dwelling increases to the maximum,
the kW demand also increases. However, in this study,
the maximum allowable N number of residential dwellings
is between 50 to 60 residential dwellings.

These quantitative relationships can help electrical design
engineers of DPG in Iraq to select the maximum allowable
kW demand setting for the low-voltage 0.415 kV distribution
feeder based on the maximum N number of dwellings shown
in Fig. 4 because theDF among residential dwellings is avail-
able, and residential dwellings consume different amounts of
electricity simultaneously.

C. AL-HURRIYA CITY NEIGHBORHOOD: A CASE STUDY
The experimental Equations (28)–(30) and (32)–(34) used to
obtain the DFs and maximum kW demands of N number of
residential dwellings, respectively, in three residential neigh-
borhoods in Baghdad City are used in Al-Hurriya City as a
case study.

Figure 5 shows a single-line diagram of the existing grid
connection of the low-voltage 0.145 kV distribution feeder.
The low-voltage side of the 630 kVA DT is joined to nine
low-voltage 0.415 kV distribution feeders through 1000 A air
circuit breaker (CB). The size of each 0.415 kV distribution
feeder is 1× 240 mm2 with a maximum phase current Iph =
330 A fixed in the initial design stage. Table 2 provides other
technical specifications.

The comparison experiments between the initial design
stage and this current study’s stage are classified as follows.

1) In Terms of Planning and Designing: The current low-
voltage DPG in Al-Hurria City has been designed by
Siemens Company since 1983. The number of resi-
dential dwellings joined to each low-voltage 0.415 kV
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FIGURE 6. Different daily load curves of residential dwellings joined to the 0.415 kV distribution feeders.

distribution feeder is N = 30. By applying
Eq. (28) or Fig. 3 for Al-Hurriya City when select-
ing N = 30 based on the existing grid connec-
tion, the DF is ∼1.19. In addition, by applying
Eq. (32) or Fig. 4 for Al-Hurriya City, the maximum
kW demand, Pcalculated,feeder = 38 kW/phase. Thus,
each low-voltage 0.415 kV distribution feeder is loaded
by 186.3 A/phase.
However, in this research, we find that by applying
Eq. (28) or Fig. 3 for Al-Hurriya City when select-
ing N = 50, the DF is ∼1.25, that is a maxi-
mum DF can be reached. In addition, by applying
Eq. (32) or Fig. 4 for Al-Hurriya City, the maximum

kW demand, Pcalculated,feeder = 55 kW/phase. Then,
each low-voltage 0.415 kV distribution feeder is loaded
by 270 A/ph. Thus, each low-voltage 0.415 kV distri-
bution feeder can be loaded with 50 dwellings instead
of the previously used number (30).

2) In Terms of Power kW Demand Savings:
The number of DTs used in Al-Hurriya City is
113 units. The total number of distribution feeders is
113× 9= 1017. The savings in power due to the differ-
ence between the initial design stage and that of the cur-
rent research study is ((270− 186.83)× 240× 0.85×
1287= 17.25MW. This findingmeans that 17.25MW
power is unexploited and can be used as a reserve.
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TABLE 2. Technical Specifications of the 0.415 kV Low-Voltage
Distribution Feeder in Baghdad City.

3) In Terms of Operating Cost Savings:
The operating cost for 1 MWh in the utilization side
is $40. The power reserve for one hour, as mentioned
in point 2, is 17.25 × 40 = $690 US. Subsequently,
the savings in operating cost reaches $16560 in a day.

In addition, from the above outcomes, several technical
facts are established for the residential dwellings’ load profile
for the electricity modeling in Baghdad City.

1) Change in the load of residential dwelling characteris-
tics. These characteristics include lifestyle, economical
operation of air-conditioning and heating systems using
smart energy management systems, the number of fam-
ily members, income, and types of electrical appliances
used;

2) Essential household activities are related to electrical
appliances usage for 24 h;

3) Environmental changes, such as temperature degree
and humidity level;

4) Numerous residential dwellings that use diesel engines
as additional sources of electricity, which helps miti-
gate the burden on DPGs;

5) Using particular types of economical lighting (e.g.,
LED) and smart sensors that can reduce the maximum
kW load demand.

This study’s outcomes provide useful technical references for
electrical design engineers in Iraq to update the connection
grids of low-voltage 0.415 kV distribution feeders in Baghdad
City to achieve economic benefits. They can also build DPG
systems in Iraq by planning, designing, and estimating kW
load demand in the future.

TABLE 3. Recodes of the kW Demands for N Number of Residential
Dwellings Joined to the 0.415 kV Feeders During the Summer Peak
Demand Period.
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D. MG-PSO ALGORITHM WITH SEVERAL
FITNESS MEASURES
TheMG-PSO algorithm efficiently handles different complex
real-world problems in science and engineering, including
power systems problems in terms of accuracy, reliabil-
ity, stability, consistency, convergence rate, and robustness
as proved in Section 5 (5.1 – 5.6) [43] and research
papers [44]–[46].

IV. CONCLUSION
A new approach for electricity modeling and study of
Baghdad City residential dwellings’ load profile charac-
teristics was proposed. Three residential neighborhoods in
Baghdad City with 1500 residential dwellings have been
selected. TheMG-PSO algorithmwas applied as an optimiza-
tion tool to establish experimental relationships between the
maximum kW demand and DF for N number of residential
dwellings joined to the same low-voltage 0.415 kV distribu-
tion feeder. Results demonstrated that each 0.415 kV distri-
bution feeder can be loaded with 50 dwellings instead of 30
due to the diversity among residential dwellings. Although
several technical facts about the Baghdad City residential
dwellings’ load profile characteristics have been established,
residential dwellings monitored with a continuous domain
of readings remain a significant limitation in the study of
residential dwellings. The current research results provide
essential details for electrical design engineers in Iraq to build
DPGs in the future and help them achieve economic benefits
in planning, designing, and saving power kW demand, and
operating cost.

APPENDIX A
See Fig. 6.

APPENDIX B
See Table 3.

REFERENCES
[1] Ministry of Electricity/Iraq. (2019). Annual Statistic Report. [Online].

Available: http://www.moelc.gov.iq
[2] N. Iliopoulos, M. Esteban, and S. Kudo, ‘‘Assessing the willingness of

residential electricity consumers to adopt demand side management and
distributed energy resources: A case study on the Japanesemarket,’’Energy
Policy, vol. 137, Feb. 2020, Art. no. 111169.

[3] B. Parrish, P. Heptonstall, R. Gross, and B. K. Sovacool, ‘‘A systematic
review of motivations, enablers and barriers for consumer engagement
with residential demand response,’’ Energy Policy, vol. 138, Mar. 2020,
Art. no. 111221.

[4] A. Holzmann and E. Schmid, ‘‘Consumer behaviour in the residential
heating sector in Austria: Findings from a bottom-upmodelling approach,’’
Energy Buildings, vol. 158, pp. 486–493, Jan. 2018.

[5] M. Tsili, A. Kladas, P. Georgilakis, A. Souflaris, and D. Paparigas,
‘‘Numerical techniques for design and modeling of distribution trans-
formers,’’ J. Mater. Process. Technol., vol. 161, nos. 1–2, pp. 320–326,
Apr. 2005.

[6] S. Tamilselvi, S. Baskar, L. Anandapadmanaban, V. Karthikeyan, and
S. Rajasekar, ‘‘Multi objective evolutionary algorithm for designing
energy efficient distribution transformers,’’ Swarm Evol. Comput., vol. 42,
pp. 109–124, Oct. 2018.

[7] V. P. Chatlani, D. J. Tylavsky, D. C.Montgomery, andM. Dyer, ‘‘Statistical
properties of diversity factors for probabilistic loading of distribution trans-
formers,’’ inProc. 39th North Amer. Power Symp., Sep. 2007, pp. 555–561.

[8] N. Pflugradt and U. Muntwyler, ‘‘Synthesizing residential load profiles
using behavior simulation,’’ Energy Procedia, vol. 122, pp. 655–660,
Sep. 2017.

[9] T. Komenda, N. Komenda, and Y. Vagapov, ‘‘Criteria of morphometric
analysis of a daily load profile,’’ Int. Trans. Electr. Energy Syst., vol. 29,
no. 5, p. e2847, May 2019.

[10] S. Joseph and J. E. Abdu, ‘‘Real-time retail price determination in smart
grid from real-time load profiles,’’ Int. Trans. Electr. Energy Syst., vol. 28,
no. 3, p. e2509, 2018.

[11] Y. Shi, T. Yu, Q. Liu, H. Zhu, F. Li, and Y. Wu, ‘‘An approach of electrical
load profile analysis based on time series data mining,’’ IEEE Access,
vol. 8, pp. 209915–209925, 2020.

[12] M. Jooshaki, A. Abbaspour, M. Fotuhi-Firuzabad, H. Farzin,
M. Moeini-Aghtaie, and M. Lehtonen, ‘‘A MILP model for incorporating
reliability indices in distribution system expansion planning,’’ IEEE Trans.
Power Syst., vol. 34, no. 3, pp. 2453–2456, May 2019.

[13] S. Heidari, M. Fotuhi-Firuzabad, and M. Lehtonen, ‘‘Planning to equip the
power distribution networks with automation system,’’ IEEE Trans. Power
Syst., vol. 32, no. 5, pp. 3451–3460, Sep. 2017.

[14] M. A. Alotaibi and M. M. A. Salama, ‘‘An incentive-based multistage
expansion planning model for smart distribution systems,’’ IEEE Trans.
Power Syst., vol. 33, no. 5, pp. 5469–5485, Sep. 2018.

[15] K. Suomalainen, D. Eyers, R. Ford, J. Stephenson, B. Anderson, and
M. Jack, ‘‘Detailed comparison of energy-related time-use diaries and
monitored residential electricity demand,’’ Energy Buildings, vol. 183,
pp. 418–427, Jan. 2019.

[16] P. Grünewald and M. Diakonova, ‘‘The specific contributions of activities
to household electricity demand,’’ Energy Buildings, vol. 204, Dec. 2019,
Art. no. 109498.

[17] L. C. Siebert, A. R. Aoki, T. S. P. Fernandes, and G. Lambert-Torres,
‘‘Customer targeting optimization system for price-based demand response
programs,’’ Int. Trans. Electr. Energy Syst., vol. 29, no. 2, p. e2709,
Feb. 2019.

[18] N. Knak Neto, A. D. R. Abaide, V. Miranda, P. Vilaça Gomes, L. Carvalho,
J. Sumaili, and D. P. Bernardon, ‘‘Load modeling of active low-voltage
consumers and comparative analysis of their impact on distribution sys-
tem expansion planning,’’ Int. Trans. Electr. Energy Syst., vol. 29, no. 8,
Aug. 2019, Art. no. e12038.

[19] W. Z. Black and B. L. Harshe, ‘‘Ampacity of diversely loaded cables in
covered and uncovered trays,’’ IEEE Trans. Power Del., vol. 15, no. 1,
pp. 3–7, Jan. 2000.

[20] J.-I. Park, ‘‘Industrial diversity in building units and factors associated with
diversity: A case study of the seoul metropolitan area,’’ Res. Policy, vol. 49,
no. 5, Jun. 2020, Art. no. 103984.

[21] Z. Wang, J. Crawley, F. G. N. Li, and R. Lowe, ‘‘Sizing of district heating
systems based on smart meter data: Quantifying the aggregated domes-
tic energy demand and demand diversity in the UK,’’ Energy, vol. 193,
Feb. 2020, Art. no. 116780.

[22] K. Foteinaki, R. Li, C. Rode, and R. K. Andersen, ‘‘Modelling household
electricity load profiles based on danish time-use survey data,’’ Energy
Buildings, vol. 202, Nov. 2019, Art. no. 109355.

[23] J. L. Ramírez-Mendiola, P. Grünewald, and N. Eyre, ‘‘The diversity of
residential electricity demand—A comparative analysis of metered and
simulated data,’’ Energy Buildings, vol. 151, pp. 121–131, Sep. 2017.

[24] H. Aki, H. Iitaka, I. Tamura, A. Kegasa, H. Hayakawa, Y. Ishikawa,
S. Yamamoto, and I. Sugimoto, ‘‘Analysis of measured data on energy
demand and activity patterns in residential dwellings in Japan,’’ IEEJ
Trans. Electr. Electron. Eng., vol. 13, no. 1, pp. 157–167, Jan. 2018.

[25] X. Wu, L. Han, Z. Wang, and B. Qi, ‘‘A nonintrusive fast residential load
identification algorithm based on frequency-domain template filtering,’’
IEEJ Trans. Electr. Electron. Eng., vol. 12, pp. S125–S133, Jun. 2017.

[26] A. Ozawa, R. Furusato, and Y. Yoshida, ‘‘Determining the relationship
between a household’s lifestyle and its electricity consumption in japan
by analyzing measured electric load profiles,’’ Energy Buildings, vol. 119,
pp. 200–210, May 2016.

[27] R. Stamminger and A. Schmitz, ‘‘Load profiles and flexibility in operation
of washing machines and dishwashers in europe,’’ Int. J. Consum. Stud.,
vol. 41, no. 2, pp. 178–187, Mar. 2017.

[28] M. H. J. Weck, J. van Hooff, and W. G. J. H. M. van Sark, ‘‘Review of
barriers to the introduction of residential demand response: A case study
in The Netherlands,’’ Int. J. Energy Res., vol. 41, no. 6, pp. 790–816,
May 2017.

16520 VOLUME 9, 2021



L. Al-Bahrani et al.: Novel Approach for Residential Neighborhoods’ Electricity Demand in Iraq Distribution Power Grids

[29] D. Fischer, A. Surmann, and K. B. Lindberg, ‘‘Impact of emerging tech-
nologies on the electricity load profile of residential areas,’’ Energy Build-
ings, vol. 208, Feb. 2020, Art. no. 109614.

[30] L. T. Al-Bahrani, B. Horan, M. Seyedmahmoudian, and A. Stojcevski,
‘‘Dynamic economic emission dispatchwith load dema ndmanagement for
the load demand of electric vehicles during crest shaving and valley filling
in smart cities environment,’’Energy, vol. 195,Mar. 2020, Art. no. 116946.

[31] D. Fischer, A. Surmann, W. Biener, and O. Selinger-Lutz, ‘‘From residen-
tial electric load profiles to flexibility profiles—A stochastic bottom-up
approach,’’ Energy Buildings, vol. 224, Oct. 2020, Art. no. 110133.

[32] L. Zhu, C. Zhou, Z. Qu, and J. Li, ‘‘Monitoring time-varying residential
load operation modes: An efficient signal disaggregation approach,’’ IEEJ
Trans. Electr. Electron. Eng., vol. 14, no. 1, pp. 85–96, Jan. 2019.

[33] L. T. Al-Bahrani, M. Seyedmahmoudian, B. Horan, and A. Stojcevski,
‘‘Distribution transformer load behavior, burden, and characteristics of
residential consumers: A case study of baghdad city,’’ Energy Buildings,
vol. 210, Mar. 2020, Art. no. 109693.

[34] K. D. McBee and M. G. Simoes, ‘‘General smart meter guidelines to
accurately assess the aging of distribution transformers,’’ IEEE Trans.
Smart Grid, vol. 5, no. 6, pp. 2967–2979, Nov. 2014.

[35] J. A. Jardini, H. P. Schmidt, C. M. V. Tahan, C. C. B. De Oliveira, and
S. U. Ahn, ‘‘Distribution transformer loss of life evaluation: A novel
approach based on daily load profiles,’’ IEEE Trans. Power Del., vol. 15,
no. 1, pp. 361–366, Jan. 2000.

[36] J. M. Lopera, M. J. Prieto, J. Diaz, and J. Garcia, ‘‘A mathematical
expression to determine copper losses in switching-mode power supplies
transformers including geometry and frequency effects,’’ IEEE Trans.
Power Electron., vol. 30, no. 4, pp. 2219–2231, Apr. 2015.

[37] D. Jakus, J. Vasilj, R. Čadenović, and P. Sarajčev, ‘‘Optimising the trans-
former substation topology in order to minimise annual energy losses,’’
IET Gener., Transmiss. Distrib., vol. 12, no. 6, pp. 1323–1330, Mar. 2018.

[38] A. G. Leal, J. A. Jardini, L. C. Magrini, and S. Un Ahn, ‘‘Distribution
transformer losses evaluation: A new analytical methodology and artifi-
cial neural network approach,’’ IEEE Trans. Power Syst., vol. 24, no. 2,
pp. 705–712, May 2009.

[39] M. A. D. A. Teyra and G. G. Gonzalez, ‘‘Selection of asymmetrical
transformers banks with emphasis in losses and efficiency,’’ IEEE Latin
Amer. Trans., vol. 8, no. 6, pp. 678–684, Dec. 2010.

[40] Z. A. Khan, D. Jayaweera, andM. S. Alvarez-Alvarado, ‘‘A novel approach
for load profiling in smart power grids using smart meter data,’’ Electr.
Power Syst. Res., vol. 165, pp. 191–198, Dec. 2018.

[41] Iraqi Electrical Standards, Ministry of Electricity/Iraq, Baghdad, Iraq,
2019. [Online]. Available: https://www.moelc.gov.iq/home?lang=en

[42] Hioki. (2017). Hioki-3133. [Online]. Available: https://www.
hioki.com/en/support/discontinued/detail/?category=PowerMeters

[43] L. T. Al-Bahrani and J. Chandra Patra, ‘‘Multi-gradient PSO algorithm
for optimization of multimodal, discontinuous and non-convex fuel cost
function of thermal generating units under various power constraints in
smart power grid,’’ Energy, vol. 147, pp. 1070–1091, Mar. 2018.

[44] L. T. Al-Bahrani, J. C. Patra, and A. A. Stojcevski, ‘‘Solving economic
dispatch problem under valve- point loading effects and generation con-
strains using a multi-gradient PSO algorithm,’’ in Proc. Int. Joint Conf.
Neural Netw. (IJCNN), Jul. 2018, pp. 1–8.

[45] L. T. A. Bahrani, J. C. Patra, and R. Kowalczyk, ‘‘Multi-gradient PSO
algorithm for economic dispatch of thermal generating units in smart grid,’’
in Proc. IEEE Innov. Smart Grid Technol. Asia (ISGT-Asia), Nov. 2016,
pp. 258–263.

[46] L. Al-Bahrani, ‘‘Intelligent system design, operation and management
to govern on electrical energy to the consumer,’’ Ph.D. dissertation,
Dept. Swinburne Res., School Softw. Elect. Eng., Swinburne Univ.
Technol., Melbourne, VIC, Australia, 2018. [Online]. Available:
https://researchbank.swinburne.edu.au/file/cd3b8e15-e6e5-4166-b4ba-
41088bdbac61/1/loau_al_bahrani_thesis.pdf

[47] J. Kennedy and R. Eberhart, ‘‘Particle swarm optimization,’’ in Proc. Int.
Conf. Neural Netw., Nov./Dec. 1995, pp. 1942–1948.

[48] J. Kennedy, ‘‘The behavior of particles,’’ in Proc. Evol. Program., 7th
Int. Conf., V. W. Porto, Ed. San Diego, CA, USA: Springer, Mar. 1998,
pp. 579–589.

[49] Bratton, D. and J. Kennedy, ‘‘Defining a standard for particle swarm
optimization,’’ inProc. IEEE Swarm Intell. Symp., Apr. 2007, pp. 120–127.

[50] O. Sarfraz and C. K. Bach, ‘‘Update to office equipment diversity and load
factors (ASHRAE 1742-RP),’’ Sci. Technol. Built Environ., vol. 24, no. 3,
pp. 259–269, Mar. 2018.

[51] A. Sargent, R. P. Broadwater, J. C. Thompson, and J. Nazarko, ‘‘Estimation
of diversity and kWHR-to-peak-kW factors from load research data,’’ IEEE
Trans. Power Syst., vol. 9, no. 3, pp. 1450–1456, 1994.

[52] J. A. Davis and D. W. Nutter, ‘‘Occupancy diversity factors for com-
mon university building types,’’ Energy Buildings, vol. 42, no. 9,
pp. 1543–1551, Sep. 2010.

LOAU AL-BAHRANI received the B.Eng. degree
in power systems and electrical machines engi-
neering and the master’s degree in power systems
engineering from the University of Technology,
Baghdad, Iraq, in 1995 and 1998, respectively, and
the Ph.D. degree in smart power grids optimiza-
tion from the SwinburneUniversity of Technology,
Melbourne, Australia, in 2018. He is currently a
Casual Research Assistant with the Deakin Uni-
versity and also with the Swinburne University of

Technology. His current research interests include power systems analy-
sis, modeling, design, planning, optimization, reliability, security, and load
forecasting.

MEHDI SEYEDMAHMOUDIAN received the B.Sc., M.Sc., and Ph.D.
degrees in electrical engineering. He is currently a Senior Lecturer with
the School of Software and Electrical Engineering, Swinburne University of
Technology. He is also the Research Director of the School of Software and
Electrical Engineering, Swinburne University of Technology, Melbourne,
Australia. His research interests include renewable energy systems, artificial
intelligence techniques and its applications, and new energy systems and
their sustainable developments.

BEN HORAN received the B.E. and Ph.D. degrees
in engineering from Deakin University. He is cur-
rently the Associate Head of the School (Research)
with the School of Engineering, Deakin Univer-
sity, and also with the Director of the Centre
for Advanced Design in Engineering Training
(CADET) Training and Simulation Virtual Reality
(VR) Laboratory. His research interests include
power electronics, mechatronics, virtual reality,
and renewable energy.

ALEX STOJCEVSKI received the B.Sc., M.Sc., and Ph.D. degrees in elec-
trical engineering and the master’s degree in educational leadership and the
master’s degree in project-based learning (PBL) in engineering and science
fromAalborg University, Denmark. He is currently the Dean of the School of
Software and Electrical Engineering, Swinburne University of Technology,
Melbourne, Australia. His research interests include power system stability
and control, smart microgrids, electric vehicles, battery storage systems,
electric power train, autonomous control, and networked robotics.

VOLUME 9, 2021 16521


