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Abstract: - The world uses about 20 trillion kilowatt hours of electricity annually. Because of this great level of
necessity, the use of green energy is growing and is becoming more and more significant in today's society.
Demand-side management (DSM) programs are described as the procedures for planning, carrying out, and
overseeing the tasks assigned by electric utilities to encourage customers to adjust their loads and energy usage
in order to reduce power consumption and lower their electricity costs. It is utilized in smart grid systems to
balance energy generation and consumption in a way that benefits both customers and utilities, to achieve the
goals of utility energy policies, and to modify the quantity and quality of power and electricity used. Customers
should have the capacity to control their energy consumption, especially during peak usage, to enable them to
make better informed decisions. Demand response (DR) and energy efficiency techniques were employed by
DSM to assist energy users in lowering their consumption. to increase resilience, economy, sustainability, and
efficiency. The main objective of this study is to apply two demand side management strategies, examine power
flow analysis on distribution networks utilizing IEEE rules both before and after PV cells are integrated, and
assess the impact of doing so. The approaches' practicality is confirmed by comparing the simulation results from
one technique with the other. For the end user, lowering their electricity cost is their primary goal.
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1 Introduction all of their forms, such as wind turbines and solar
The global energy transformation is gaining panels. The photovoltaic (PV) system is receiving the
momentum due to the recent acceleration of change most attention out of all the renewable energy sources

because it is the easiest to install and calculate, and

and massive increases in electrical power ; St
because PV cell efficiency is rising, battery system

consumption. This creates a critical need to find new

resources and ways to meet demand without having technologies are improving, and the initial cost of PV
a significant negative impact on the environment and modules is falling [31-[4]- . _ .
achieving sustainable growth. The introduction of Th? energy sector 1s particularly 1important 1n
new machinery and equipment that heavily rely on Pa'les‘.une, 0w1ng't(.) the numerous constramts. that
power consumption, such as smart appliances, exist in the Pal_estlman energy sector. The Palestlma.n
electric vehicles, and whole-house monitoring government 18 unable to develop a dgmesuc
systems, is anticipated to result in a 30% rise in the electricity resource, and the l.oss.of all authority over
demand for electricity in 2035, according to the U.S. the energy sector has a negative impact on the power
Department of Energy [1]-[2]. electric distribution network in Palestine, depriving
Because of the extensive use of oil, fuel, coal, and many Palestinians of electrical power throughout the
gas to meet power demand, CO2 emissions are rising, d.ay.' From an econom.ic staqdpoint, P fll.estine faces
and nonrenewable energy sources are becoming less significant 'challenges importing electricity and .ﬁ'lel.
available. To try to solve this problem, many All of this stems from the country's political
organizations and governments have begun to use viewpoint. The majority of the power used in

renewable energy as the primary power resources in Palestine originates from Israel, whose government
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fully controls all energy resources and can decide
how much power to grant the Palestinians due to
political disputes. Site investigations reveal that the
Israel Electric Company (IEC) supplies 92.6% of the
power used in Gaza and the West Bank. Jordan
accounts for 1.5% of the remaining electricity
demand, Egypt for 0.6%, and the Gaza Power Plant
for 4.4% [5].

Due to its heavy reliance on imported energy
resources from Palestine, the Palestinian Authority
(PA) has an estimated debt of $574 million USD.
Furthermore, the cost of energy (CoE) in Palestine is
relatively high; for the residential sector, it is
estimated to have reached 0.6215 ILS/kWh [6]. The
decision-makers are under tremendous pressure to
find solutions to the problem that benefit the PA as
well as the Palestinian end users as a result of all of
this pulling at their strings.

The development of multi-source energy systems
is linked to the implementation of smart grids, and
these systems are acknowledged as the fundamental
building blocks of smart grid architecture. Whether
the source is multi-source, integrated into the
transmission network or distribution system, uses
direct current (DC) or alternative current (AC), high
voltage or low voltage, or any combination of these,
using smart energy management is always the best
and most effective way to control these power system
components [7].

One of the major problems the utilities face is the
peak demand in the electricity grid, which used to be
solved by supply side management in the past.
However, nowadays, the new techniques of demand
side management have been taken into consideration.
Also, the main problem that affects the end user more
this time is the price of electricity. Consumers prefer
to have minimum electric bills as much as possible.
While the implementation of the DSM in SG can
easily solve these two problems by handling direct
load control (DLC) programs that use load patterns
and profiles, analyze them and reshape them which
keeps the demand for electricity in balance with the
available supply. Applying all the previous
techniques reduces the peak load demand of
customers, thereby improving grid stability,
sustainability, and security; additionally, it decreases
the grid operation and electricity cost; minimizes
carbon emission levels; and reduces the monthly
electric bill [8]- [10].

Demand side management technologies were
initially examined in the 1970s as a potential remedy
for the world energy crisis. DSM has been widely
used in a variety of measuring tools recently. For
example, in 2019, the US regional transmission
operator PJM almost activated 11 GW for demand-
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side resource market delivery. [11]. Demand Side
Management (DSM) is crucial because it gives users
control over how much energy they use, which
lessens the strain on the network.

In general, there are three main types of DSM that
divide into [12]-[15]:

1.Energy Efficiency: This technique aims to
reduce the high loads of power consumption by
adopting more new appliances that have energy
saving technologies like inverter air condition system
or LED technology in homes, and public places, or
even the streets, and sometimes adding the PV
systems.

2.Dynamic Demand: This technique involves
raising the factor of load diversity by moving the
working cycles for the appliances and sometimes-
huge machines by a few seconds, or in some cases
delay this cycle if needed.

3.Demand response: that can be explained as
using the electricity tariff and load demand pattern in
order to create offers and incentives to the end-users,
to encourage them to changes their form of energy
consumption in a way that achieves noticeable
reduction in the consumption of power and saves
energy.

The DSM techniques are: load shifting, flexible
load shape, strategic load growth, valley filling,
strategic conservation and peak clipping [12], [16]-
[18]

1.Valley filling: increase the load during off-peak
hours by reducing tariffs to encourage customers to
spend energy. This technique can be achieved by
thermal energy storage

2.Peak clipping: decrease the load during peak
hours when the generated power is not enough to
cover the peak demand

3.Load shifting: the demand is shifted from peak
to off-peak hours by reducing tariffs to encourage
customers to spend energy

4.Strategic conservation: used to reduce the
overall energy consumption

5.Strategic load growth: used to increase the
overall energy consumption by reducing tariffs to
encourage customers to spend energy

6.Flexible load shape: it is used to shift peak
energy at the time of reducing costs, or at the time
with more renewable energy resource availability, in
order to allow the utility to meet system recruitments.
The DSM strategies are shown in Figure 1.

The main objective of this work is the ability to
identify, formulate, and solve engineering problems
in the field of smart grid technology and the ability to
use the techniques, skills, and modern engineering
tools necessary for engineering practice in that field
of work.
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Fig. 1: Demand-side management techniques [12]

Since it is very important to exploit the energy
produced as much as possible, many ways have
emerged to serve this goal, such as the addition of
distribution generators (DG’s) on the network to
avoid long-distance energy transport and its
associated problems, as well as reducing carbon
emissions. In this article, the effect of adding two
types of DG synchronous and PV to the IEEE 12-bus
distribution system that is shown in Fig.1 is being
investigated. The optimal location of the DG’s is
important; the wrong choice of installation of DG’s
may lead to an increase in system losses and costs;
the decided optimal location is based on. The
simulation has been carried out by MATLAB
Simulink and Excel. After the construction of a 12-
bus distribution system with a power factor of 0.92
for the synchronous and PV distribution generators,
the voltage profile, the voltage stability margin and
power losses were calculated before and after the
installation of the DG to study the impact of the DG
on it. Then, using DSM technology to improve the
system, all results were compared with and without
DSM.

2 Problem Formulation

This study discusses the effect of adding two types of
DG synchronous and PV to an IEEE 12-bus
distribution system with two main types of loads, the
constant load with a base case and synchronous
generator and the dynamic load with a base case and
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a photovoltaic case. The single line diagram of the
original system that has been investigated is shown in
Fig. 2. The optimal location of the DG’s is important;
the wrong choice of installation of DG’s may lead to
an increase in system losses and costs.

After the construction of 12-bus distribution system
with a power factor of (0.94-0.99) for the
synchronous and PV distribution generators, the
voltage profile, the voltage stability margin and
power losses were calculated before and after the
installation of the DG to study the impact of the DG
on it. Then, using DSM technology to improve the
system. All results were compared with and without
DSM.
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Fig. 2: Single line diagram of the 12-bus radial
distribution network

3 Problem Solution

In this study, constant load and dynamic load have
been considered.

Figure 3 shows the Simulink implementation for
constant load in the IEEE 12 bus system.

Fig. 3: Simulink implementation for constant load
IEEE 12 bus system

Figure 4 shows the voltage profile for the constant
load case.
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Fig. 4: Voltage profile for constant load case

The second step in the constant load was adding a
synchronous generator to the system, then applying
different values of penetration levels of the generator
on the system where PL= (Penetration level) is the
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ratio of quantity of power that can DG supply to the
Network (0-100%). Figure 5 shows the system with
synchronous generator connected at bus 9.
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Fig. 5: Simulink implementation for Constant load
IEEE 12 bus system with synchronous generator

Figure 6 shows the voltage profile of the system
with synchronous generator and with several
penetration levels. The increase in penetration level
leads to improve the voltage profile and reduce the
losses.
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Fig. 6: Voltage profile comparison for the system

with synchronous generator and multi-PL.
The second case that has been considered in this
study is the dynamic load. Residential load is a term,
which is used to describe the amount of electricity
entering a residence at any given time. The amount
of electricity a residence can access is typically
limited by the amount of its service drop. Figure 7
shows the residential load connected on the
considered system.
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Fig.7: Residential load connected on the system
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Fig. 8: Voltage profile comparison for the system
with residential loads.

Table 1: Comparing the voltage profile between
different DSM techniques

DSM tech. Ploss (KW) Qioss (kVar)
with out 5.609 2.151
load shifting 8.671 3.324
peak clipping 5.609 2.152
strategic growth 8.006 3.069
valley filling 12.372 4.743
conservation 3.628 1.392

4 Conclusion

This article studied the impact of different integrating
distribution generators in different sizes on the
voltage profile, voltage stability, and power losses of
radial systems. The results prove that the integration
of DGs on distribution networks, taking into
consideration their location (at bus 9) and penetration
level, improves the voltage profile and voltage
stability and greatly reduces losses. The results also
demonstrated the power of DSM in the service of
energy systems in many aspects, such as
economically and technically.

From the case study above, it’s clear that DSM
programs provide a great benefit to both utilities and
end users. They don’t have to construct new power
plants in order to meet the load, and they turn aside
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the network problems that increase the system
reliability in a direct manner and improve the
industry and market of electricity in general.

From customer’s point of view, their electricity bill
is reduced by integrated renewable resource planning
and the integration of a distribution generator with
demand side management technology, which helps in
solving the high demand and high cost and achieving
the goals for both environmental and social
improvement.
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