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ABSTRACT

In the last decade, there has been a great interest in applying Demand Side Management (DSM) actions in
electric power systems as an alternative to constructing and operating new capacity generation units. Also,
DSM allows customers to make decisions that affect their energy consumption, which reduces peak-hour
energy providers' demand and reshapes the load profile. This paper proposes a methodology for applying load
reduction results from DSM techniques to electric power networks. This methodology uses sensitivity analysis
to select the buses on which the load reduction will be performed. Furthermore, changes in hourly system
loading are considered, and the impacts of these variations on the system's performance are analyzed. Also, the
Monte Carlo Simulation (MCS) methodology has been utilized to consider the load uncertainties. The DSM
has been effectively validated on two power distribution networks. The first is the IEEE 33 standard system,
while the second is a practical distribution network, which is Shebin EI Kom feeder-Menoufia Governorate
South Delta Electricity Company. Different indicators are used to assess the enhancement of the network's
performance. Simulation results concluded that applying DSM techniques reduced the power taken from the
substation, reduced the active power losses, and improved the minimum voltage with the daily loading variation
as well as at peak loading.

Keywords: DSM; Loading uncertainty; MV distribution networks; Active power losses; Voltage profile.

. Introduction

Traditionally, electrical energy is produced from
major power plants and delivered to consumers by
transmission and distribution networks. The rapidly
growing electricity consumption around the world,
especially in Egypt, is due to development needs and
an increasing population [1, 2]. According to the
annual report of the Egyptian Ministry of Electricity
and Renewable Energy for the year 2020/2021, the
maximum electrical load during peak hours increased
from 25.71 GW in 2012 to 28.02 GW in 2015 to 30.8
GW in 2018 and increased to 34.1 GW in 2022 (an
increase of 8.98%, 9.94%, and 10.7%, respectively)
[3]. Therefore, the Electrical distribution networks
will suffer a series of pressures as electricity demand
becomes faster than electric power generation. Also,
due to the distance between power plants and
consumers and the lack of continuous communication
between the power utility and consumers, the
performance of power grids deteriorated [4,5].
Furthermore, aging infrastructure leads to continuous
maintenance of the grid structure. Also, among the
problems of overloading of lines are an increase in

system power losses and the reduction of voltage
regulation, efficiency, reliability, quality, and safety
[1, 2, 4, 5, 6]. According to the previous challenges,
utility companies are forced to treat these problems by
different methods.

To dissolve the previous challenges there are many
common alternates such as distributed generation
(DG), storage systems, capacitor banks (CB), load
reduction, and demand-side management (DSM) [6, 7,
8]. DG, CB, and storage systems are the most
expensive technologies and may not be suitable to
match available generation with demand in some
cases, while load shedding or load curtailment is
indispensable to prevent any network overloading.
However, the customers cannot accept this since
supply continuity represents an essential need for them
[5, 9,10-13]. Otherwise, loads can be fully controllable
by implementing DSM during peak hours and
increasing the utilization factor with a cost reduction.
The chance to raise power system efficiency and
decrease the high cost of the power system has been
the key driver behind introducing DSM [1, 2]. DSM is
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a necessary technique that can warrant the feasible and
economical operation of any power distribution
system [14, 15].

DSM is one of the low-cost ways to improve the
performance of distribution systems compared to other
solutions [1, 2, 6, 16]. DSM is the promising method
for utilities to delay building further capacity by
reducing peak electricity demand as it is the set of
methodologies for adjusting load consumption
patterns so that demand is limited within supply and
gives consumers an opportunity to save money by
lowering their electricity bills [17]. In addition,
controlling peak demand for networks may improve
the overall performance of the system as it results in
reduced power losses, enhanced voltage regulation,
and improved overall system efficiency and reliability.
In addition, DSM can reduce power line overload and
stop service interruptions. These advantages can be
obtained without the wastage of consumers'
necessities [6, 15-17].

Recently, different forms of the DSM have been
applied by network operators to control the load
profiles of the system and to enhance system
generation-load balancing [18]. The DSM can be
divided into popular six techniques such as Direct
Load Control (DLC) which utilities can shut down
certain loads during peak hours to avoid system
meltdown. Also, Load Shifting (LS) shifts loads from
peak to off-peak hours while Energy Efficiency (EE)
decreases the overall energy consumption by replacing
normal appliances with energy-efficient appliances.
Furthermore, Peak clipping, flexible load shape, and
valley filling are used to reduce peak and fill the off-
peak demands, respectively [10, 15].

Numerous articles on the DSM of Smart Grids (SG)
have been published; these studies mostly address
distributed generation with integration of renewable
energy, demand response (DR) load scheduling that is
optimum, and innovative enabling technologies and
systems [4, 7, 11, 16]. Also, Numerous articles on the
DSM of Smart Grids (SG) have been published; these
studies mostly address the available optimization
approaches for applying DSM [8, 9, 19].

A new smart load management approach is presented
in [6], that the programming part is necessary for the
load management control centers. The results attained
verify the efficacy and efficiency of the approach that
was developed to address the issue of overloading,
improve network performance, and satisfy customer
needs. The suggested technique was applied to a really
overloaded Egyptian distribution network. In [13], the
DSM was applied to enhance the performance of
power systems using sensitivity factors to classify the
load centers according to their priority to determine
suitable demand reduction levels. The IEEE 30 bus
system is used to highlight the demand-side

management strategy under different loading
conditions. In [18], authors presented the concept of
load forecasting a day in advance as a forecasted curve
and then analyzed the load curve using evolutionary
algorithms to shift loads and reshape the load profile
in real-time simulations. In [20], the DSM is an
essential methodology in planning future grids that
convert end-user energy consumption based on
financial incentives. Authors in [21], presented the
strategy of an energy management system-based
demand response scheduling in a distributed power
system for minimization of customer bills and network
losses. This paper proposes a methodology for
applying load reduction (LR) as one technique of

DSM techniques to distribution power networks. This

methodology uses sensitivity analysis to select the

buses on which the load reduction will be performed.

Furthermore, changes in hourly system loading (load

uncertainties) are considered, and the impacts of these

variations on the system's performance are analyzed.

The key contributions of this study are as follows:

e Sensitivity analyses were performed to determine
the worst and most effective feeders for applying
demand-side management actions to enhance
distribution network performance.

e Two levels of applying load reduction are handled
and added to that, the uncertainties in loading
values are investigated.

e The DSM is effectively validated on two power
distribution networks: the IEEE 33 standard
system and a practical distribution network
(Shebin ElI Kom feeder-Menoufia Governorate
South Delta Electricity Company).

e For all cases, active and reactive power losses are
significantly reduced while the voltage profile of
all distribution nodes is improved.

This paper is arranged into 6 sections as follows: the

modeling of the systems is investigated in section 2. In

section 3, the proposed solution methodology is
presented. Section 4 discusses the obtained simulation
res. Section 5 illustrates the discussion of the results.

Section 6 elaborates on the paper's conclusions.

2. Systems Modelling
2.1 Load Modelling

In recent years, there has been an increase in interest
in load modeling, and power system load has become
a new field for exploring power system stability. The
power system load model is a series of mathematical
equations that define the relationship between active
and reactive power, voltage, and frequency at a certain
bus bar in a system [22].
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The load class data is frequently categorized as
residential, commercial, industrial, and agricultural.
The residential load contains most of the equipment
associated with housing habits, as well as a significant
proportion of electric heating and air conditioning
systems throughout the winter and summer seasons,
respectively.  Commercial loads include air
conditioners and a substantial percentage of discharge
lighting, whereas agricultural loads are induction
motors used to drive pumps. The industrial load is
mostly associated with industrial operations, and most
of the load, up to 95%, refers to industrial motors and
electric heating procedures, like soldering, which may
be used in heavy industries.

Furthermore, many types of loads in power systems
are static, while others are dynamic in nature; for
example, most customers have lighting, cooling, and
heating equipment, etc. Because of this variation of
loads, power system operation desired models of loads
to be accurately estimated, to make a credible decision
on the distribution network and evaluate the power
consumption of a typical infrastructure [22]. Most of
the load models are assorted as static sources of active
and reactive powers. It is independent of voltage
magnitude and known as the constant-power load
model. A load, on the other hand, can be modeled as a
constant-current or constant-impedance source [23].
In the constant-current source model, the active and
reactive powers of the load fluctuate linearly with
voltage magnitude, but they vary quadratically with
voltage magnitude in the constant-impedance model.
The following are the mathematical equations for the
real active and reactive powers of a load for the three
models mentioned above [22-25]

P =P, (%)u (1)
Q=0Q,* (?)u 2

o

Where P, and Q, are the initial active power and
reactive load power at the nominal voltage,
respectively. ,, is the magnitude of real bus voltage

L

while vy is the rated voltage and equals 1.0 PU. n= 0,

1, and 2 represent the constant-power, constant-
current, and constant-impedance load models.

2.2 Distribution Feeder Modelling

The conductors are not straight wires, but strands of
wire that have been twisted together to produce a
single conductor with increased tensile strength. An
aluminum conductor, steel reinforced (ACSR) is a
common type of conductor. The internal core is made
of steel strands, while the outside layer is made of two

layers of aluminum strands. Other conductor types in
use include all aluminum conductors (AAC), all
aluminum alloy conductors (AAAC), aluminum
conductors, and alloy reinforced (ACAR). In general,
the standard = model is a wide term for modeling a
distribution line joining two nodes. The conductor
resistance, self, and mutual inductive reactance make
up the series impedance of single-phase or three-phase
distribution lines. The resistor value depends on the
conductor quality expressed by the company. Also, the
inductive reactance (self and mutual) component of
the impedance is described by the following equation
as a function of the total magnetic fields surrounding
a conductor [2].

A =2.10"7x (I ln1+1 ln1+ +
' g H g

i1 i2

P S ) w-T 3)
Il.lnGMRi+ +In.lnDin w-T/,

Where

Din, GMR;are the distance between conductor ; and
conductor n, (ft), and the Geometric mean radius of
conductor j (ft), respectively.

The inductance of conductor ; is formatted as
the conductor's  self-inductance and the mutual
inductance between the conductor ; and all the other
n-1 conductors.

By definition,

Self — Inductance: L; = %L =2x10"7 %

In— H/m 4

GMR;

Mutual Inductance: L;, = %”1 =2x1077 %
n

In~ H/m ®)

in

2.3 Test Systems Description

In this study, two distribution networks are studied.
The single-line diagrams of both networks are shown
in Fig. 1. The first system is IEEE 33 standard system
which consists of 33 nodes with 32 lines. It has 3.715
MW and 2.3 MVAr loading, and its rated voltage is
12.66 kV [26-28]. Its initial active power losses,
reactive power losses, efficiency, and voltage
regulation are 211 kW, 143.03 kVAr, 94.62%, and
10.647%, respectively. It is worth noting that the first
system consists of four lateral feeders, namely:
feeder_1 from bus No. 7 to bus No. 18; feeder_2 from
bus No. 3 to bus No. 25; feeder_3 from bus No. 6 to
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bus No. 33, and feeder_4 from bus No. 2 to bus No.
22, as shown in Fig.1la. The second system is Shebin
El Kom feeder-Menoufia Governorate South Delta
Electricity Company which is a real one. It consists of
28 nodes with 27 lines. It has 2.160 MW and 1.03
MVAr loading, and its rated voltage is 11 kV. Its initial
active power losses, reactive power losses, efficiency,
and voltage regulation are 82.79 kW, 28.94 kVAr,

94%, and 9.5%, respectively. This system consists of
three lateral feeders, namely: feeder_1 from bus No. 2
to bus No. 5; feeder_2 from bus No. 7 to bus No. 12,
and feeder_3 from bus No. 6 to bus No. 28, as shown
in Fig. 1b. All buses and feeders’ data of the real
system are listed in the Appendix.

l|9 20 21 22
I-> I-> I-> 26 27 28 29 30 31 32 33
- - = b b - P
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
23 24 25
(@ IEEE 33 bus distribution network
lze os | 28
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2 24
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1;]_
o3 | o3 1
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= O2: T.L (ACSR) 70/12 mm2
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6 ;
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Egyptian Real Distribution network
Fig. 1 Single-line diagram of the two studied networks
3. Proposed Solution Methodology 2. Then calculate all transmission lines power

The more sensitive buses for the system have been
determined by the sensitivity procedure as follows
[13]:

1. Firstly, the value of a certain load is changed
from (S;) to (S; + AS, ), while the values of other loads
remained unchanged.
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flowing ASry _j;.

3. The sensitivity factor for each bus i “SF;“ is defined
using the following equation (6):

Y0 ASTL_ij

F, :L
SF; AS;

(6)
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4. The buses are classified according to their
sensitivity factor in descending order [11].

5. Buses are classified into best and worst buses
according to the sensitivity factor value of buses. The
best bus is the bus whose sensitivity factor value is the
highest while the worst bus is the bus whose sensitivity
factor value is the lowest.

By applying the previous sensitivity procedure:

e The obtained SF values are ranked in descending
order as illustrated in Tables 1 and 2 for the two

Table 1 Ranked SF values for IEEE 33 bus system

studied power systems. Also Figs. 2a and 2b show
the SF values for all buses of the first and the
second systems, respectively.

Based on the results from Tables 1 and 2 and Figs.
2a and 2b, it can be concluded that bus 18 and bus
22 in the first and second systems, respectively
have the highest SF values, and hence, it presents
suitable locations for demand reduction which
results from applying DSM techniques.

Bus 2 and bus 7 in the first and second systems,
respectively have the lowest SF values.

Table 2 Ranked SF values for the real system

Bus

Bus

El‘f SF | Rank El‘f SF | Rank
18 | 02433 | 1 28 | 01468 | 17
17 | 02349 | 2 7 | 01269 | 18
14 | 02285 | 3 27 | 01241 | 19
16 | 02281 | 4 26 | 0118 | 20
13 | 02176 | 5 6 | 01113 | 21
15 | 0214 6 25 | 00729 | 22
32 | 02017 | 7 5 | 00713 | 23
33 | 02009 | 8 24 | 00634 | 24
12 | 02001 | 9 4 | 00548 | 25
31 | 01957 | 10 23 | 00453 | 26
11 | 01952 | 11 3 0037 | 27
10 | 01889 | 12 22 | 00192 | 28
29 | 01764 | 13 21 | 00175 | 29
30 | 01758 | 14 20 | 00157 | 30
9 0173 | 15 19 | 00075 | 31
8 | 01639 | 16 2 | 00064 | 32
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No. SF Rank No. SF Rank
22 0.3193 1 13 0.2122 11
27 0.3178 2 5 0.2066 12
28 0.3174 3 4 0.2051 13
23 0.3169 4 3 0.2050 14
25 0.3101 5 1 0.1997 15
21 0.2991 6 12 0.1913 16
19 0.2816 7 10 0.1228 17
17 0.2764 8 8 0.1068 18
15 0.2275 9 7 0.0867 19
14 0.2193 10
5
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Fig. 2 SF values versus bus numbers

To validate the results of SF and to determine the best
and the worst feeders, the load reduction of 20% is

applied to all lateral feeders separately in both
systems.

o It appears that the best lateral feeder for IEEE 33
bus system is feeder_1 from bus No. 7 to bus No.
18 and the worst lateral feeder is feeder_4 from
bus No. 2 to bus No. 22 in terms of reducing
system active power losses with different loading
throughout the day hours as shown in Fig. 3a.

=—0=Plosses Base

=4q=Lateral feeder 1
—%—Lateral feeder 2
== Lateral feeder 3
=P Lateral feeder 4

D 5 10 15 20 25
Day hours

a) Plosses Of IEEE 33 bus system

Also, the best lateral feeder for the real system is
feeder_3 from bus No. 6 to bus No. 28 and the
worst feeder is feeder_2 from bus No. 7 to bus
No.12 in terms of reducing system active power

losses with different loading throughout the day
hours as shown in Fig. 3b.

The best feeder contains the best bus (the highest
SF value) and the worst feeder contains the worst
bus (the lowest SF value) for the two studied
power systems. Therefore, these feeders are the

suggested feeders to apply load reduction on
them.

90 -
=—4=Base Case
80 =e=|ateral feeder 1 "'Q\
==L ateral feeder 2 1*&‘0-0\
" =—A=ateral feeder 3 ﬂ’o— o\**"
= g .’:f;’ e S Sad
20l Py o il wAC
<60 AR\ b a4/ a
g 4 ‘\H A
& 50 - T e agqd
o
ke &\ et )Y
\
40 A‘t- o= l,.—."
e AtV %,.‘
30 - 3
20 - ' 3 '
0 5 10 15 20 25

b)  Piosses OF the real power system

Fig. 3 Daily variation of Pjesses fOr applying 20% load reduction to every lateral feeder in both systems.
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4. Simulation Results

In this study, three cases are investigated to study the
effect of load reduction on the system’s performance.
The first case is implemented by reducing all load
centers of the selected feeder by 20%. The second case
is implemented by reducing all load centers of the
selected feeder by 30%. Each case has three scenarios
as follows:

e Scenario (1): Applying load reduction on the
worst feeder.

e Scenario (2): Applying load reduction on the best
feeder.

e Scenario (3): Applying load reduction for half of
the best feeder including the sensitive bus.

The effect of these cases and scenarios are studied on
the power drawn from the grid (Pgrig), Systems active
4000
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i \
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1
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i =
2000 L
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a) Pgria for IEEE 33 bus system

power losses (Piosses), and systems voltage profile as
shown in the following subsections. The third case is
to study the uncertainties of the load by using Monte
Carlo Simulation.

A. Casel

The effect of applying the three scenarios is shown in
Figs. 4-10. Fig. 4 shows the daily variation of the Pgig
for the three scenarios compared with the base case for
the two studied power systems. It can be observed
from Figs. 4a and 4b that applying 20% load reduction
reduced Pgig for all scenarios but with different
reduction percentages. It can be observed that the
reduction in Pgiq is even more remarkable for scenario
2 than the other scenarios for the two studied power
systems. Also, the peak loading hours occurred at 12
pm, 2 pm, and 3 pm for IEEE 33 bus system while 8
p.m. and 9 p.m. for the real power system.
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2200 - - Scenario (1) 1
2400 =% Scenario 2] / {:T\\"‘ .
P F1 %%
2000 cenario (3) FX i""&‘% =\‘!‘
K \ ’ ',P." 4 *,
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oy e P 5
gy Pl
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'*.-
1300
0 5 10 15 20 25
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b) Pgrig for the real power system

Fig. 4 Daily variation of the power from the grid for case 1

Figs. 5a and 5b show Pgiq at peak loading for the three
scenarios compared to the base case. From Fig. 5a, it
can be seen that Pgrig for the first system is reduced
from 3.926 MW to 3.853 MW, to 3.678 MW, and to
3.819 MW with reduction percentages of 1.85%,
6.3%, and 2.7% for scenarios 1, 2, and 3 compared
with the base case. And from Fig. 5b, it can be seen

that Pgig for the second system was reduced from
2.243 MW to0 2.163 MW, to 2.023 MW, and to 2.086
MW with reduction percentages of 3.5%, 9.8%, and
6.9% for scenarios 1, 2, and 3 compared with the base
case. Therefore, it’s concluded that the best scenario is
scenario 2 which represented the application of load
reduction on the best feeder.
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Fig. 5 Power drawn from the grid for case 1 during the peak loading

The daily active power losses variations for the three
scenarios compared to the base case for the two studied
power systems are shown in Figs. 6a and 6b. These

220

figures illustrated the effectiveness of applying
demand reduction in reducing the Piosses OF the two
studied power systems during the day.
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Fig. 6 Daily variation of the active power losses for case 1

Figs. 7a and 7b show Piesses for case 1 during peak
loading for the first and second systems, respectively.
From Fig. 7a, it can be seen that Piosses Of the first
system is reduced from 211 kW to 210 kW to 177.8
kW, and to 193.9 kW with reduction percentages of
0.47%, 15.7%, and 8.1% for scenarios 1, 2, and 3
compared with the base case. And from Fig. 7b, it can
be seen that Piosses O the second system is respectively

ERJ, Menoufia University, VVol. 47, No. 1, January 2024

reduced from 82.79 kW to 77.86 kW, to 66.48 kW, and
to 71.89 kW with reduction percentages of 5.9%,
19.7%, and 13.16% for scenarios 1, 2, and 3 compared
with the base case. It is clear from the results that the
reduction in Piesses iS €ven more pronounced for
scenario 2 than the other scenarios for the two studied
power systems.
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Fig. 7 Active power losses for case 1 during the peak loading

The daily variations of the bus with minimum voltage
for the three scenarios compared with the base case for
the two studied power systems are shown in Figs. 8a
and 8b. Fig. 8a shows the daily variation of voltage at
bus 18 which is the minimum bus voltage of the first
system. It illustrated the effectiveness of applying
demand reduction in improving the minimum voltage
with the daily loading variation. Also, the daily

L — T T T

variation of voltage at bus 22 which is the minimum
bus voltage of the second system is shown in Fig. 8b
under applying the three scenarios in case 1. These
figures illustrated that scenario 2 is more effective
where the minimum voltage increased by a large
percentage compared with the base case during the day
hours rather than the others scenarios.
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Fig. 8 Daily variation of the minimum voltage bus for case 1

Figs. 9a and 9b show the minimum voltage Vmin for
case 1 during peak loading for the first and second
systems, respectively. From Fig. 9a, it can be seen that
the voltage at bus 18 for the first system remains
constant as its base value for scenario 1, and increased

from 0.9038 PU to 0.9178 PU, and to 0.9126 PU by an
improvement percentage of 1.5%, and 0.96 % for
scenario 2, and scenario 3 compared with the base
case, respectively. Also, Fig. 9b shows the voltage at
bus 22 for the second system at the peak loading. It
increased from 0.9437 PU to 0.9452 PU, to 0.9527,

ERJ, Menoufia University, VVol. 47, No. 1, January 2024 9
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and to 0.9465 by an improvement percentage of
0.15%, 0.95%, and 0.295% for scenarios 1, 2, and 3
compared with the base case, respectively. The best
scenario for improving the minimum voltage bus of
the two studied systems is scenario 2. Figs. 10a and
10b show the system voltage profile for the two

studied power systems under applying case 1 for the
three scenarios during the peak load of the systems.
These figures show the extent of improvement that
occurred in the systems voltage buses, especially the
minimum voltage buses, with the application of
demand reduction particularly scenario 2.
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Fig .9 Minimum voltage for case 1 during the peak loading
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Fig .10 Voltage Profile for case 1 during the peak loading

B. Case 2
The effect of applying the previous scenarios is shown
in Figs. 11-17. Fig. 11 shows the daily variation of the
Pgria for the three scenarios compared to the base case
for the two studied power systems. It can be observed
from Figs. 11la and 11b that applying 30% load

reduction reduced Pgig for scenarios 2, 3, and 1,
respectively with different reduction percentages. It
can be noticed that the reduction in Pgiq iS even more
salient for scenario 2 than the other scenarios for the
two studied power systems.

ERJ, Menoufia University, Vol. 47, No. 1, January 2024 10



Heba Khattabl, Fatma Awad , Asmaa Nasef "*Assessment of Applying Demand Side "

4000
- Base Case 2 ""l“'"\
=+= Scenario (1) r';fr“'t:;:'i- '.:k“-;l.;-'.:\
" ) ; MR o T ST |
|~ Seenaiod) | ‘,"f xR -t--'i:i\,*,,,,,, s
- Scanao [} e R N kN
| i _.l' : *'*“*"*\
| it N
s i) L
S 3 Wi [
< | i ‘
: % '7:( "
-} | )
S 280 1 f \
ky Lo
N/
o LT
20 *‘*M.:";-*
1500 ‘ l
) B 10 15 n B
Day hours

a) Pyrig for IEEE 33 bus system

2400

=¢ Base Case
=4~ Scenario (1 -
- .{I r \
=% Scenario (2) , ,_ .
0 =4 Scanario (3) i s, *y- ‘ ‘
"" R "’ f ‘0--¢
E ‘ .rlr+0 “'“"‘:’(f****
F 0 Y iaaNaNi B h
N s "“‘}Mt++4, ‘
1600 ‘ »- +-& rﬂ- f‘ -4/ ‘ . *
H-H.--o. r,H"H
*owmvt‘%rn
00— :.‘.-.ﬁ--‘ L
}m¥w ‘
0 5 10 15 20 5
Day hours

b) Pgria for the real power system

Fig. 11 Daily variation of the power drawn from the grid for case 2

Figs. 12a and 12b show Pgig during systems peak
loading for the three scenarios in case 2 compared to
the base case. From Fig. 12a, it can be seen that Py
for the first system is reduced from 3.926 MW to 3.817
MW, to 3.556 MW, and to 3.766 MW with reduction
percentages of 2.7%, 9.4%, and 4.07% for scenarios 1,
2, and 3 compared with the base case. And from Fig.
12b, it can be seen that Pgrig for the second system is

reduced from 2.243 MW to 2.123 MW, to 1.914 MW,
and to 2.008 MW with reduction percentages of 5.3%,
14.6%, and 10.47% for scenarios 1, 2, and 3 compared
with the base case. So, it’s concluded that the best
scenario, in this case, is scenario 2 which represented
the application of load reduction on the best feeder
according to the proposed methodology.

4 N\ 4 N\
< <
S 2
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o a”
Base Scenario | Scenario | Scenario
Base Case | Scenariol | Scenario2 | Scenario3 Case 1 2 3
\_ [ | 3.926 3.817 3.556 3.766 \_ m| 2.243 2.123 1.914 2.008 Y,

a) Pgria for IEEE 33 bus system

b) Pgrig for the real power system

Fig. 12 Power drawn from the grid for case 2 during the peak loading.

The daily variation of Pjesses for the three scenarios
compared to the base case for the two studied power
systems is shown in Figs. 13a and 13b. These figures

ERJ, Menoufia University, VVol. 47, No. 1, January 2024

illustrated the effectiveness of applying demand
reduction in reducing the Pieses in the two studied
power systems during the day.

11



Heba Khattabl, Fatma Awad , Asmaa Nasef "*Assessment of Applying Demand Side

7] |
= Base Case ; LY ; = Base Case
- 4 % ‘ S — -
=#= Scenario (1) .): \o-\ i s
30| =¥ Scenario 2) L T i o, -*--Scenar!am Lp e,
B Sconario 3 i I(.,_,_.\ W\ =4 Scenario (3) il ‘\.‘
@ cenario (3) 1 I " (] ! > » b4,
3 f.u": 4 Porpenh, Im"‘!""""‘\‘ - oy r'f.n \, \
H 1Y AL ) e AT e
2'140 f’F K "'*"V"\ |\ “ﬁ : ’ -q--'\ _._ _!’/ !-- ‘
i 3 S 9 ; ‘ -
o -lf’!"r : ¥\ 4 ; *""o-+-¢ e I | A *"*k
Z : [ \,\‘\ _050 ®, : Q"#"‘
"0 — IR f*-* k !
oy B T'f\ * AL e
P \ 7
" /i k*-r-\k »-o.\--a,,.-{""
AN ® ¥ g, \»-+ *"‘l*-y
60 Nhl m"n"i""" 30 * ‘-I' ’
4 | ‘ gk
" 5 1 15 ] o0
Day hours 0 H 10 15 20 5
Dayhours

a) Plosses OFf IEEE 33 bus system

b)  Piosses OF the real power system

Fig. 13 Daily variation of the active power losses for case 2

Figs. 14a and 14b show the Pjosses for case 2 during
peak loading for the first and second systems,
respectively. From Fig. 14a, it can be seen that Pjosses
for the first system is reduced from 211 kW to 209.8
kW, to 163.2 kW, and to 186 kW with reduction
percentages of 0.57%, 22.7%, and 11.8% for scenarios
1, 2, and 3, respectively compared with the base case.
And from Fig. 14b, it can be seen that Pjesses for the

4 N\
<
<
o
Base Case|Scenariol|Scenario2|Scenario3
[ ] 211 209.8 163.2 186
g J

a.) P|osses Of IEEE 33bUS

second system is reduced from 82.79 kW to 75.54 kW,
to 59.38 kW, and to 66.88 kW with reduction
percentages of 8.7%, 28.27%, and 19.2% for scenarios
1, 2, and 3, respectively compared with the base case.
It is clear from the results that the reduction in the
active power losses is even more pronounced in
scenario 2 for the two studied power systems.

4 N\
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Base Case|Scenariol|Scenario2|Scenario3
\|- 8279 | 7554 | 59.38 | 66.88

b)Piosses OF the real power system

Fig. 14 Active power losses for case 2 during the peak loading

The daily minimum voltage Vmin variations for the
three scenarios compared to the base case for the two
studied power systems are shown in Figs. 15a and 15b.
Fig. 15a shows the daily variation of voltage at bus 18
which is the minimum bus voltage of the first system.

ERJ, Menoufia University, Vol. 47, No. 1, January 2024

It illustrated the effectiveness of applying demand
reduction in improving the minimum voltage with the
daily loading variation. Also, the daily variation of
voltage at bus 22 which is the minimum bus voltage of
the second system is shown in Fig. 15b under applying
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the three scenarios in case 2. These figures illustrated
that scenario 2 is more effective where the minimum

voltage increased by a large percentage compared with
0.96,

the base case during the day hours rather than the

others scenarios.
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a) Voltage at bus18 for IEEE 33bus

b) Voltage at bus 22 for the real power system

Fig.15 Daily variation of the minimum voltage bus for case 2

Figs. 16a and 16b show the minimum voltage for case
2 during peak loading for the first and second systems,
respectively. From Fig. 16a, it can be seen that the
voltage at bus 18 for the first system remains almost
constant in its base value in the case of scenario 1, and
increased from 0.9038 PU to 0.9247 PU and to 0.9169
PU by an improvement percentage of 2.26% and 1.4
% for scenarios 2 and 3 compared with the base case,
respectively. Also, Fig. 16b shows the voltage at bus
22 for the second system at the peak loading. It
increased from 0.9437PU to 0.946 PU, to 0.9572, and
to 0.951 by an improvement percentage of 0.24%,

1.4%, and 0.76 % for scenarios 1, 2, and 3 compared
with the base case, respectively. The best scenario for
improving the minimum voltage bus of the two studied
systems is scenario 2. Figs. 17a and 17b show the
system voltage profile for the two studied power
systems under applying case 2 for the three scenarios
during the peak load of the systems. These figures
show the extent of improvement that occurred in the
systems voltage buses, especially the minimum
voltage buses, with the application of demand
reduction in different scenarios.
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a) Voltage at bus18 IEEE 33bus b) Voltage at bus22 the real power system
Fig .16 Minimum voltage for case 2 during the peak loading
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Fig .17 Voltage Profile for case 2 during the peak loading

C. Case 3

The Monte Carlo Simulation (MCS) methodology has
been applied to study the load uncertainties. 1000
scenarios are created around the maximum loading
condition in the two studied power systems, which is
100 % based on the MCS [29]. In addition, three
groups of loads A, B, and C are considered with three
various standard deviations of 3, 5, and 8%,
respectively. Three Scenarios are studied for the
maximum loading condition:

e Scenario 1: MCS with the base case.

e Scenario 2: MCS with a 20% reduction in loading
of the best feeder.

e Scenario 3: MCS with a 20% reduction in loading
of the worst feeder.

For Scenario 1: Active power losses and voltage at bus
18 are recorded in Figs. 18a and 18b as histogram
figures under maximum load conditions. In Fig. 18a,
the active power losses are in the range [195-220] kW
with a probability of 58.6% while the maximum
probability percentage of 12.7% is prospective to the
active power losses of 210 kW. In addition, the
maximum and minimum active power losses are
prospective to be 260 kW and 175 kW with a
probability of 0.2% and 1.2%, respectively.

The voltage at bus 18 is in the range [0.901-0.907] PU
with a probability of 73.4% whereas the maximum
probability percentage of 16.1% is prospective with a
value of 0.9035 PU as shown in Fig. 18b. In addition,
the maximum and minimum expected values of the
voltage at bus 18 are 0.911 PU and 0.896 PU with a
probability of 1.4% and 0.3%, respectively.
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Fig. 18 Number of occurrences of the results for Scenario 1 for the first system

For Scenario 2: The histograms of the active power
losses and the voltage at bus 18 are recorded as shown
in Figs. 19a and 19b under maximum loading
conditions. Fig. 19a shows the system's active power
losses where they are in the range [165-190] kW with
a probability of 61% whereas the maximum
probability percentage of 14.5% is prospective with
active power losses of 172 kW. In addition, the
maximum and minimum active power losses are

150
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50

Number of occurrences

140

160 180 200 220
Active power losses (kW)

a) Active power losses

240

Number of occurrences

prospective to be 220 kW and 140 kW with a
probability of 0.3% and 0.4%, respectively.

The voltage at bus 18 is in the range [0.915-0.92] PU
with a probability of 68.8% whereas the maximum
probability percentage of 17.6% is prospective with a
value of 0.918 PU as shown in Fig. 19b. In addition,
the maximum and minimum expected values of the
voltage at bus 18 are 0.925 PU and 0.91 PU with a
probability of 0.3% and 0.3%, respectively.
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Fig. 19 Number of occurrences of the results for the first system for Scenario 2
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For Scenario 3: The histograms of active power losses
and voltage at bus 18 are recorded as shown in Figs.
20a and 20b, respectively under maximum loading
conditions. The active power losses are in the range
[195-225] kW with a probability of 66% where the
maximum probability percentage of 14.9% is
prospective with active power losses of 212 kW as
shown, in Fig. 20a. In addition, the maximum and
minimum active power losses are prospective to be
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0
160 180 200 220 240 260

Active power losses (kW)

a) Active power losses

260 kW and 170 kW with a probability of 0.4% and
0.4%, respectively.

The voltage at bus 18 is in the range [0.901-0.906] PU
with a probability of 63.7% whereas the maximum
probability percentage of 14.5% is prospective with a
value of 0.902 PU as shown in Fig. 20b. In addition,
the maximum and minimum expected values of the
voltage at bus 18 are 0.911 PU and 0.895 PU with a
probability of 0.2% and 0.6%, respectively.
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Fig. 20 Number of occurrences of the results for first system for Scenario 3

a. The results of the real system:

The same three previous scenarios are applied to the
real system and the obtained results are listed in the
following subsections.

For Scenario 1: The histograms of active power losses
and voltage at bus 22 are recorded as shown in Figs.
21a and 21b, respectively. The active power losses are
in the range [78-93] kW with a probability of 66.1%
where the maximum probability percentage of 14.8%
is prospective with active power losses of 82.5 kW as
shown, in Fig. 21a. In addition, the maximum and

minimum active power losses are prospective to be
110 kW and 64.5 kW with a probability of 0.2% and
0.3%, respectively.

The voltage at bus 22 is in the range [0.941-0.947] PU
with a probability of 63.6% whereas the maximum
probability percentage of 11.9% is prospective with a
value of 0.9435 PU as shown in Fig. 21b. In addition,
the maximum and minimum expected values of the
voltage at bus 22 are 0.9525 PU and 0.9365 PU with a
probability of 0.4% and 0.8%, respectively.
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Fig. 21 Number of occurrences of the results for the second system for Scenario 1

For Scenario 2: Fig. 22a shows the histogram of the
active power losses at maximum loading condition
which displays that they are in the range [60-70] kW
with a probability of 67.1% where the maximum
probability percentage of 16.6% is prospective with
active power losses of 65 kW. In addition, the
maximum and minimum active power losses are
prospective to be 84 kW and 52 kW with a probability
of 0.3% and 0.9%, respectively.
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The histogram of the voltage at bus 22 at maximum
loading condition is displayed in Fig. 22b which is in
the range [0.95-0.955] PU with a probability of 66.2%
where the maximum probability percentage of 15.6%
is prospective with the value of 0.953 PU. In addition,
the maximum and minimum expected values of the
voltage at bus 22 are 0.96 PU and 0.944 PU with a
probability of 0.4% and 0.2%, respectively.
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Fig. 22 Number of occurrences of the results for the second system for Scenario 2

ERJ, Menoufia University, Vol. 47, No. 1, January 2024 17



Heba Khattabl, Fatma Awad , Asmaa Nasef **Assessment of Applying Demand Side ................... "

For Scenario 3: Fig. 23a shows the histogram of the
active power losses at maximum loading condition
which displays that they are in the range [72-87] kW
with a probability of 69.4% where the maximum
probability percentage of 15.5% is prospective with
active power losses of 76 kW. In addition, the
maximum and minimum active power losses are
prospective to be 102 kW and 60 kW with a
probability of 0.2% and 0.8%, respectively.
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The histogram of the voltage at bus 22 at maximum
loading condition is displayed in Fig. 23b which is in
the range [0.942-0.949] PU with a probability of 73%
where the maximum probability percentage of 11.6%
is prospective with the value of 0.945 PU. In addition,
the maximum and minimum expected values of the
voltage at bus 22 are 0.954 PU and 0.935 PU with a
probability of 0.7% and 0.1%, respectively.
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5. Results Discussion

The results demonstrated that: when load bus
sensitivity factors are included, demand reduction can
be more successful as observed when applying load
reduction at the best feeder. Totally, it can be said that
the proposed methodology has the ability to improve
the performance of the distribution networks through
noticeable improvements in the voltage profile,
particularly the lowest voltage buses, as well as a
reduction in system active power losses. The
simulation results demonstrated that the methodology
has the ability to present benefits for public companies
in terms of reducing power taken from the grid and the
production side. So, DSM can change the thinking of
constructing a new plant to meet the demand and defer
high investment to set up transmission and distribution
networks.

6. Conclusions

This study depends on ranking the buses according to
their sensitivity to network variations and classifying
the feeders as the best and the worst feeders to apply
DSM techniques to obtain the best systems
performance. The hourly loading variations as well as
their uncertainties are analyzed. The proposed
methodology is applied to two distribution networks:
an IEEE 33 standard system and a realistic distribution
network. Three cases are investigated: the first
employs DSM techniques to reduce the specified
feeder loading by 20%. The second case used DSM
techniques to reduce the specified feeder loading by
30% and the third is to study the uncertainties of the
load by using Monte Carlo Simulation. It has been
demonstrated that when load bus sensitivity factors are
included, demand reduction can be more successful.
This is accomplished through noticeable improve-
ments in the voltage profile, particularly the lowest
voltage buses, as well as a reduction in system active
power losses. The results further confirmed that the
suggested DSM technique may be used to avoid load
shedding without causing excessive load reduction.
The simulation results demonstrated that the
methodology has the ability to present benefits for
public companies in terms of reducing power taken
from the grid and the production side. Furthermore, it
is observed that the benefits of applying load demand
reduction at the best feeder are high. Totally, it can be
said that the proposed methodology has the proper
performance in improving the efficiency of the
distribution system.
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APPENDIX

Table A shows the load and line data of Shebin El Kom
feeder-Menoufia governorate-South Delta Electricity
Company- Egypt.
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TABLE A: Complete data of the studied system

Length Receiving Receiving
Line From To (Km) R (Q) Type PL (KW) QL
(kVAr)
1 1 2 0.73381 0.25228 Cl | e | e
2 2 6 1.16788 0.4144 A 45.36 21.9744
3 6 7 1.00104 0.3552 A 144 69.76
4 7 9 0.66736 0.2368 A 576 279.04
5 9 11 0.58394 0.2072 N e
6 11 12 1.08446 0.3848 A 45.36 21.9744
7 9 10 0.75078 0.2664 03 115.2 55.808
8 7 8 0.66736 0.2368 03 | e | -
9 2 3 0.1772 0.04128 C2 72 34.88
10 3 4 0.50052 0.1776 01 72 34.88
11 4 5 0.2215 0.0516 C2 72 34.88
12 6 13 0.58394 0.2072 01 72 34.88
13 13 14 0.11075 0.0258 C2 360 174.4
14 13 15 0.66736 0.2368 A 45.36 21.9744
15 15 16 0.934304 | 0.33152 o e
16 16 17 1.00104 0.3552 03 144 69.76
17 16 18 0.66736 0.2368 O e s
18 18 19 0.33368 0.1184 03 108 39.4144
19 18 20 0.8342 0.296 03 | e | -
20 20 21 1.00104 0.3552 03 72 34.88
21 20 24 1.33472 0.4736 02 72 34.88
22 24 22 0.66736 0.2368 C2 45.36 21.9744
23 22 23 0.33368 0.1184 o e
24 24 25 0.50052 0.1776 03 18 8.72
25 25 26 0.4171 0.148 03 | e | e
26 26 27 1.00104 0.3552 03 36 17.44
27 26 28 0.33368 0.1184 03 45.36 21.9744

where

O1: Overhead transmission line, Aluminum Conductor Steel Reinforced (ACSR) with area equals

150/25 mm?

02: Overhead transmission line, Aluminum Conductor Steel Reinforced (ACSR) with area equals

70/12 mm?

03: Overhead transmission line, Aluminum Conductor Steel Reinforced (ACSR) with area equals

35/6 mm?

A: Overhead transmission line, All Aluminum Alloy Conductor (AAAC) with area equals 70 mm?

C1: Underground cable XLPE with area equals 3*300 mm?
C2: Underground cable ALX with area equals 3*240 mm?
C3: Underground cable ALX with area equals 3*150 mm?
C4: Underground cable XLPE with area equals 3*70 mm?
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