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ABSTRACT

By incorporating energy storage systems (ESSs), a distribution network's energy efficiency can
be increased. These technologies can considerably improve the network's overall performance if
they are placed and sized properly. A well-sized and well-positioned energy storage system can
help manage power quality, optimize the choice of distributed and renewable energy sources,
efficiently handle peak energy demand, and lower the costs related to growing distribution
networks. In order to find out the ideal location and size of ESSs in a distribution network, this
paper suggests a practical method that makes use of the Dandelion Optimizer (DO). Reducing
the system's total yearly cost—which accounts for costs connected to power outages, voltage
variations, and peak load—is the aim. The IEEE 33 bus radial system is used to implement the
study's methods. The results from the original system and the suggested DO are compared to
show how the position of the ESS affects the voltage profile and total cost. In addition, a
comparison is presented between the results of the Ant Lion Optimizer (ALO), the Whale
Optimization Algorithm (WOA) and the planned Design of Dandelion Optimizer (DO),
indicating that the DO has achieved more savings than the other Algorithms. Findings indicate
that the (DO) method delivers a net cost reduction of 7% and 1.7% compared to the WOA and
ALO methods respectively, while also improving the voltage profile. The minimum bus voltage
increased by 0.277% in the case of WOA and by 4.27% in the case of ALO while applying the
DO increased this voltage by 6.6% with respect to the original system. The locations and sizes
of the acquired ESSs are advantageous for system implementation due to the ease of use and
effectiveness of the recommended methodology in resolving the optimization problem that was
explored.

KEYWORDS: Energy Storage Systems, Dandelion Optimizer, Distribution System, Optimal
Sizing
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1. INTRODUCTION

Existing distribution networks are undergoing significant changes for a variety of reasons,
including demand management, renewable energy integration, compliance with power quality
standards, greenhouse gas emission reduction objectives, network expansion, and dependability[1-
6]. A scientific forecast expected that challenges associated with the distribution system will incur
annual expenses of approximately 100 billion USD [7]. It is anticipated that ESSs will efficiently
address issues arising from power oscillations, disruptions in the transmission and distribution
networks, and abrupt fluctuations in demand [8, 9]. The integration of ESSs into distribution
networks is being pursued with the aim of improving power quality, increasing network capacity,
decreasing expenses, guaranteeing operational reserves, and mitigating greenhouse gas emissions.

As referenced in [10-18], ESSs provide a number of additional benefits, such as load
shifting, load trimming, load normalization, and voltage deviation reduction. While there are
environmental benefits to generating electricity from renewable sources, an overreliance on such
sources may jeopardize the dependability of the distribution networks. The implementation of ESSs
can efficiently mitigate output fluctuations, synchronize generated power and demand, and stabilize
power transmission. In light of this, the implementation of ESS holds considerable promise for
both utilities and customers. ESS that are improperly positioned or sized in distribution networks
may have detrimental effects on power quality, load management, voltage and frequency
regulation, and overall dependability [19-25].

To find the best ideal ESSs for the distribution networks, an optimization problem (multi-
objective ) combining technological and economic goals was presented in a prior study [26]. In
their study, the authors have introduced a multi-objective function that takes into account energy
cost, bus voltage, and network losses [27, 28]. Prior research utilized a particle swarm optimization
(PSO) technique [29, 30]. Previous studies have demonstrated the use of genetic algorithms (GAs)
[31, 32]. In the study conducted by [33], a Grey Wolf Optimizer (GWO) was used to optimize the
target function, which takes into account the entire annual cost. The price in question consists of
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three parts: the price of energy that isn't delivered, the price of buying ESSs, and the price of
keeping the ESSs running.

Present study showcases the utilization of the Dandelion Optimizer (DO) methodology in
order to ascertain the most advantageous placement and scalability of ESS within the distribution
network. The rationale behind choosing DO was to ensure straightforward implementation, prompt
response, and minimal control variables. A constrained objective function, which considers the
expenses related to voltage variation, power loss, and highest demand, has been devised with the
aim of minimizing the annual cost. The methodology that was proposed is executed on the 33-bus
system. An evaluation is made between the results obtained using the DO and those attained using
both the WOA and the ALO [34]. The method that has been proposed results in a decrease in the
overall cost with an increase in voltage stability.

This research demonstrates the application of the DO based approach to determine the
optimal location and scaling of ESS in the distribution network. DO was selected due to the need
for simple deployment, rapid response, and reduced controlling elements. A restricted optimization
function has been formulated with the purpose of reducing the annual cost. This cost includes the
expenses associated with voltage variation, power loss, and maximum demand. The suggested
methodology is implemented on the 33-bus system. The study compares the outcomes obtained
using the DO method with those obtained using the ALO and the WOA methods [35, 36]. The
proposed technique yields a reduced overall cost and better voltage profile.

In this paper a load flow analysis was made by MATLAB on the IEEE 33 bus system to
obtain the bus voltage at each bus and the power loss. Then a multi objective optimization function
was introduced to attain minimum system cost. This function is applied to the system utilizing three
different optimization techniques considering the different system constraints. ALO, WOA and the
proposed DO algorithms were applied with a comparison of the system outcomes indicating a great
advantage of employing the anticipated DO.

1. THE MODELLING OF ESS IN RADIAL NETWORKS

Both charging and discharging are influenced by the burden level. The operational
condition of ESSs is determined by their daily energy consumption. As a result, ESSs function as
generators to rebalance the burden among themselves in times of inadequate energy supply,
specifically when demand is increasing significantly. Conversely, electric self-suspending batteries
(ESSs) are currently undergoing charging to store surplus energy, specifically during periods of
low demand. Load management pertains to the observation that ESSs are effectively disconnected
from the network when the load levels fall within the designated range.

In accordance with the ESS performance specifications outlined in reference [30], the
minimum and maximum load levels depicted in Figure 1 were established at 50% and 75%
correspondingly. Assuming the entire installed capacity for a given day, the producing units of the
network can only provide 75% of the reference load, as stated in the hypothesis. Positive active
power is identified throughout the discharging process, while negative active power is detected
throughout the charging process of the ESS, denoted as the PQ bus in the system. In all the above
circumstances, the reactive power can have either a positive or negative value.

300 JAUES, 19, 72, 2024



DANDELION OPTIMIZER FOR SIZING AND PLACEMENT OF ENERGY STORAGE SYSTEMS TO IMPROVE VOLTAGE
STABILITY AND REDUCE TOTAL COST

120

Power . .
extracted Load level

from ESSs = generation level 1

100

< 80} i
o '|50wer extracte
g 6o from ESSs
U .
8 40} ESSin — é
< discharge _
2 stateg disconnected CESS in
' i arge
i state
0 - = A g "
. 10 15 20 %i
Time (hours)

Fig. 1. The performance of ESS dependent on load level [30].

The rates at which ESSs are charged and discharged are determined by [37]:

0Eg = Eg(t) — Eg(t — 1) Eq. (1)
Pcp(t) = 6Ep(t)/ (6t Xnch) Eq. (2)
Pyiscn(t) = 6Ep(t)/ (8t xndisch) Eq. (3)

EB represents the stored energy in the battery, while 0EB is the variation in the energy of
the battery. Charging efficiency is assumed to be nch is the same as the efficiency of the discharging
process ndisch. The charged power, denoted as Pch, is typically positive, whereas the discharged
power, denoted as Pdisch, is frequently negative. The symbol 6t denotes the duration between
successive samples. The effectiveness of the ESSs in this research is 85%.

ESS size that maximizes efficiency is indicated as:

ESS size = ZEmax_Eamin Eq. (4)
DoDmax

DoDmax represents the assumed maximum depth of discharge, which is set at 80%, EBmax
denotes the maximum value of energy while and EBmin is the minimum value.

2. DANDELION OPTIMIZER (DO)

DO is a method influenced by natural means, was first proposed in [38] [48]. The dandelion,
which belongs to the Asteraceae family, is a perennial herb technically known as Herba taraxaci
(refer to Figure 2). The aforementioned herbs reach a height above 20 cm during their peak growing
period. Seed scattering with wind enables the colonization of new organisms once they have
reached their full developmental stage.
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Fig.2. The floating Dandelions in nature.

The three stages of development that dandelion seeds undergo are as follows:

1. A vortex is created over the dandelion seed as it ascends, pushed greater by wind and
sunshine. There are no swirling currents of water over the seeds on a day with rainfall. Only
local searches are available in this case.

2. Once seeds reach a specific altitude, they start to gently fall during the descent phase.

3. During the landing phase, dandelions disperse erratically to the ground, where, contingent
on external factors such as wind and weather, they germinate into new plants.

To advance their population, dandelion individuals progress through a series of
developmental stages, primarily through the process of seed dispersal.

Step I: Initializing.

Every individual seed in the DO algorithm symbolizes a prospective result. The size of a
population in a DO issue is determined by the problem's dimension and the number of individuals
generated, taking into account both dimension of the variables and the population size. Randomly
generated potential solutions are considered inside the specified issue's upper limit and lower limit,
taking into account the problem's dimension [38].

As per the DO algorithm, the initial elite member is determined as the individual with the
highest fitness estimate, which signifies the ideal condition for the growing of a seed.

Step II: Growing.

Seeds must attain a specific altitude during their ascent to disperse from their parent plants.
The growth of the seeds can vary in height due to reasons such as wind speed and humidity of air.
There are two meteorological conditions in this scenario, namely:

Casel:

Wind speeds on a sunny day can be considered to follow a lognormal distribution. The
elevation of a seed is influenced by the velocity of the air. Increased wind strength enhances the
dandelion's ability to ascend to greater heights and facilitates the wider dispersal of its seeds.

1 1 Ea.
Xty = XptoX e—ecose X e—esine xInY x (X; — X;) q. (5)
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The variable Xs represents the position randomly selected at iteration t inside the upper and
lower limits UB and LB. Xt represents the seed location at iteration t, and © is an arbitrary value
that ranges from -n to w. The equation representing the randomly generated position is as follows:
X, =rand(1,dim) X (UB — LB) + LB Eq. (6)

InY is a lognormal distribution subject to mean value p = 0 and variance 62 = 1.

1 1
-——( "2 >0
Iny = ymexp[ ZO'Z(ny) ] y
Eq. (7)
0 y<O0
y is the standard normal distribution [0, 1].
_ 1.,2_2 Eq. (8
a—rand()x(th Tt+1) q. (8)

The dandelion's lift component is represented by the coefficients vx and vy, whereas a characterizes
an arbitrary perturbation ranging from 0 to 1.

Case2:

The presence of humidity and the air's resistance make it challenging to properly uproot
dandelions when there is a damp breeze.

Xes1 =X, % (1 —rand() * q) Eq. (9)

The domain (q) can be obtained as:

—_ 1 2 _ 1 1 Eq. (10
q T2-2T+1 t T2-2T+1 t+1+ T2-2T+1 4 ( )

The exact equation for the growing stage of the seed is as follows:

¥ = {Xt+oc>< Ve X vy XInY X (X —X,) randn <15 Eq. (11)
1 X, xk else

The arbitrary number produced by function randn() has a normal distribution.

Step III: Descending.
During this stage, seeds undergo growth until they reach a specific height, at which point

they gradually start to descend (exploration phase). Brownian motion is working to repeat the path
followed by a mobile dandelion.
1 bop Eq. (12)
Xep1 =Xy —aX x—ZX-—ocx X X
t+1 t—aX Py (pop £ i Be t)

where f3; is the Brownian motion, pop is the population size.

step IV: Landing.
During this last stage, based on the results of the preceding two stages, the dandelion seed

selects a random location to land. As the number of iterations grows, the algorithm should approach
the optimal conclusion more closely.
Ultimately, the population evolution yields the optimal reaction on a global scale:

303 JAUES, 19, 72, 2024



DANDELION OPTIMIZER FOR SIZING AND PLACEMENT OF ENERGY STORAGE SYSTEMS TO IMPROVE VOLTAGE
STABILITY AND REDUCE TOTAL COST

Eqg. (13
Xiy1 = Xetite TS X XXX (Xepite — X X 6) a-(13)

1

where X,;;t. represents the optimal position of the seed. S has a constant value of
0.01, while b is an arbitrary value that can range from 0 to 2. Both w and t are random values
between 0 and 1. S is accurately depicted as:
_ ra+pyxsin (%) Eq. (14)

- r(1+[?

1By xsin E1)

B equals 1.5, and § is calculated as:

i Eq. (15)
6= T

The flow chart of the dandelion optimizer is depicted in Figure 3.
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Fig. 3. Dandelion Optimizer Flow Chart
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3. THE PROPOSED OPTIMIZATION
3.1 Objective Function

In light of the extraordinary progress in technology, it is imperative to ensure the optimal
operation of distribution systems. The significance of energy storage devices is rising in tandem
with the expansion of renewable energy utilization in power networks.

The appropriate location and size of ESSs are the variables required to solve a multi-
objective optimization obstacle that involves several cost objectives [35, 39]. The target of this
optimization problem is to decrease the overall system cost, which includes costs correlated with
power losses, voltage variations, and maximum load [40].

NI NI Eq.
P = (D v+ 7 = 2l eos(o - 8)] % e+ (3 040 %o ) 11
K=1 =
+ (Prax X 6t X Cpear)

The variable NI represents the upper limit on the number of lines that can be interconnected
within the system, whereas GK denotes the conductance value of transmission line k. The voltage
at the sending end of the line is denoted as Vi, while the voltage at the receiving end is denoted as
Vj. Similarly, the voltage angle at the sending end is represented as di, while the voltage angle at
the receiving end is represented as 6j. Pmax represents the maximum rate of the real power supplied
to the reference bus for a specified time period.

Variables Closs, CDev, and Cpeak reflect the costs related to line losses, voltage variation,
and highest demand, respectively. The anticipated cost rates are as follows: Closs = $284 per MWh,
CDev = $142 per MWh, and Cpeak = $200,000 per MWh per year [35, 37].

3.2 The Proposed Constraints

The optimization technique merely considers the capacity of ESS and their locations as
variables to be optimized. The limitations delineated in this problem can be classified into four
discrete categories: limitations on load flow, limitations bus voltage, limitations on transmission
lines, and limitations on ESS. The following subsections provide a comprehensive illustration of
each of these elements.

4.2.1. limitations on energy storage

Péh = Pmin Eq. (17)
chisch = PBmax Eq. (18)
EBmin < Elg’ < EBmax Eq- (19)

The ESS limitations specified in equations (17) and (18) are intended to ensure that the
charging power P, remains above the minimum ESS capacity Pgmin, and the discharging power
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PL,.., does not exceed the greatest power capacity of the ESS P g4+ The selection of values for
the lower and upper limits should be based on the ESS capacity, as specified in equation (19).

4.2.2. Limitations on bus voltage.

0.95 PU < V! <1.05PU Eq. (20)

The bus voltage should remain within the range of 95% to 105% of its rated value
throughout time.

4.2.3. Limitations on transmission lines.

Slt = Slmax Eq. (21)

The largest permissible load for any line, denoted as Slmax, must not be surpassed over a
given period of time.

4.2.4. Limitations on power flow.
PGmin =< P(E < PGmax Eq- (22)

QGmin < Qé < QGmax Eq- (23)

As per the capacity restrictions, for each power plant the active and reactive power must
vary within the authorized upper and lower limits.

4. RESULTS AND DISCUSSION

This section examines the impacts of the projected deployment of ESS on the voltage
profile, performance, and cost containment of the system. The performance analysis focuses on
four distinct case studies. Case 1 represents the fundamental situation without ESSs. situations 2
and 3 involves the positioning of ESSs using the ALO and the WOA optimization methods. Case
4 involves the positioning of ESSs using the suggested DO optimizer. The IEEE 33 bus radial
system is employed in this simulation [31]. The organizational configuration of the bus system
consists of 33 bus radials and 32 lines. Additionally, there is one slack bus with a base voltage of
12.66 kV and a base power of 100 MVA. The total real power is 3.71 MW, whereas the reactive
power is 2.31 MVAr. Figure 4 illustrates a single line representation of the IEEE 33 bus under
study.
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Distribution system

Fig. 4. IEEE 33 Bus Distribution System.

Figure 5 displays the bus voltage for four scenarios: the first one with no ESSs installed,
the second and the third following the installation of ESSs using the WOA and the ALO
optimization algorithms, and the fourth one representing the voltage profile obtained using the
employed (DO) algorithm. Figure 5 study demonstrates that the application of the Energy Storage
Systems has a beneficial impact on the voltage profile of the system. Figure 6 demonstrates the
voltage variation in the buses caused by the four situations, whereas Figures 7, 8, 9 and 10 display
the specific bus voltages for each corresponding scenario.

No ESSs
Tr ALO ESSs | |
WOA ESSs
DO ESSs
0.98 | 1
=)
a
096 | :
5
o
S
E
2 094
0.92 | 1
D.Q 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Bus NO

Fig. 5. IEEE 33 Bus voltages with a) No ESSs installed b) WOA optimized ESSs ¢) ALO
optimized ESSs d) proposed DO optimized ESSs.
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Fig.6. Variation of voltage profile without ESSs and with ESSs using WOA, ALO and DO
optimization for the IEEE 33 bus system.
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Fig. 7. Various bus voltage for IEEE 33 bus with no ESSs installed.
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Fig. 8. Various bus voltage for IEEE 33 bus with ESSs applying ALO algorithm.
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Fig. 9. Various bus voltage for IEEE 33 bus with ESSs applying WOA algorithm.
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Fig. 10. Various bus voltage for IEEE 33 bus with ESSs applying DO algorithm.

The efficacy of the proposed technique is highlighted by contrasting the system outcomes
with those derived from an alternate approach, such as the ALO and the WOA methods. Table 1
presents a thorough analysis of the outcomes obtained from the initial system and the subsequent
incorporation of ESSs using WOA, ALO and the proposed approach for evaluating minimum
voltage, power loss and operational costs of the system. Findings indicate that the (DO) method
delivers a net cost reduction of 7% and 1.7% compared to the WOA and ALO methods respectively,
while also improving the voltage profile, The minimum bus voltage increased by 0.277% in the
case of WOA and by 4.27% in the case of ALO while applying the DO increased this voltage by
6.6% with respect to the original system.
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Table 1. Optimal size & location of installed ESS for IEEE 33 bus systems.

Algorithms Without ESS WOA ALO DO
Bus Number — 27 26 6
ESS Size in
-———- . 2.4507 2.5902
MWh 1.7961 50 590
Minimum Bus | = o3¢ 0.9063 0.9424 0.9635
Voltage in pu
Power Loss in
211 . 111.0320 111.032
KW 180.56 0320
Annual
Operating Cost -—-- 53056.3 50167.5 49320.1
in USD

Table 2 shows the effect of increasing the amount of ESS on the 33-bus system.

Table 2. Effect of increasing the amount of ESS on the 33-bus system.
The quantity of energy storage

systems (ESSs) that can be 1 5
supplied

WOA based optimal ISSu - 27 6 10 3 1 s
allocation of ESSs I\/K;/h 1.7961 2.59021 | 3.07004 | 1.67196 | 1.55569 | 3.41607
Overall Operating Cost
$/year 53056.3 53924.3
Algorithmic time for finding
the optimal solution measured | 27.94725 38.21296
in seconds
ALO based optimal ]S3u -2 26 8 2 14 I 33
allocation of ESSs h/}iffh 2.4507 2.59023 3.63091 0.820672 2.34196 0.948381
Overall Operating Cost $/year 50167.5 49320.1
Algorithmic time for finding
the optimal solution measured | 23.818414 24.711285
in seconds
DO based optimal gu — 0 o 2 2 12 20
allocation of ESSs I\/KS/h 2.5902 2.59023 | 0.100124 | 0.135889 | 0.10601 | 0.566627
Overall Operating Cost $/year 49320.1 49320.1
Algorithmic time for finding
the optimal solution measured | 16.695445 17.278905

in seconds
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5. CONCLUSION

Integrating ESSs into a distribution network has the capacity to significantly optimize the
network's energy efficiency as a whole. Wisely sizing and strategically installing these ESSs in
appropriate locations can optimize the network's overall performance. Attaining this outcome is
feasible by adhering to the procedures specified in this document. The effectiveness of these ESSs
in meeting high energy request, utilizing renewable energy sources, maintaining electricity
reliability, and reducing costs related to distribution network installation depends on their
appropriate sizing and strategic placement. The Dandelion Optimizer (DO) is employed in the
proposed approach outlined in this article to achieve this goal as its final outcome. The method was
evaluated using an IEEE 33 bus distribution system. The results showed that the technique
outperformed the initial system in terms of cost, voltage profile, and even surpassed the
performance of both the WOA and the ALO Algorithms. Due to its simplicity of implementation
and effectiveness in addressing optimization challenges, the chosen ESS sites and sizes have
promise for practical deployment in distribution networks. The employed DO can achieve a great
reduction in the overall system cost, minimize the power losses and improve the voltage stability
of the system with remarkable effect to avoid or reduce the overloading of transformers, reduce
over- and under-voltages and augment the short circuit capability of the distribution line by
supporting in clearing faults, improving safety on the network.
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