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Abstract: - The increased competitiveness makes traffic control on the electrical networks a major concern. Because the electricity
infrastructure is not governed by the government, traffic congestion on electrical lines are a major issue that are difficult to resolve. This
paper presents the Streamline Whale Optimization Algorithm, An innovative method for addressing power grid congestion. The new plan
is intended to lessen traffic and crowding. Two remedial elements were added to WOA in order to boost the interdependency of the
prospecting and extraction processes. This facilitates the process of identifying the optimal answer and keeps it from concluding too
soon. The best approach to enhance the objective function is to experiment with various approaches until you find one that works. The
suggested approach is effective because it considers the constraints and qualities of the IEEE-118 bus structure. The software application
is known as MATLAB 2022(a). The new method exhibits speedier results, better structure and voltage, and a significant reduction in
traffic when compared to previous approaches.
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I. INTRODUCTION

The partitioning of control structures People have begun to act in this way all around the world, moving from a
controlled performance to a denationalized formation. The real-time functioning of the control lattices has
changed as a result of the denationalization of the control formation performance organization. For the control
structure to be executed steadily, a workable method of control agility and an ideal period with suitable control
activity are necessary [1].

An important way to examine the gearbox and functioning objectives in order to achieve desired era fetched
attributes might be through the optimal power flow. The independent system operator monitors the agreed
control exchanges between dealers and consumers in order to ensure adequate control agility. Additionally, the
ISO gives short-time control agility the authority to manage transmission line control streams [2].

The communication path congestion results in the accessibility of inadequate control assets and the requirement
to complete control exchanges. Congestion management emerges in these situations as a dynamic way to
monitor the control streams inside the transmission corridors. In order to control the power transfer limitations,
the CM is viewed as an essential administrative strategy. It satisfies every essential requirement contained in the
energy transfer, ensuring the electrical structure operates vigorously [3].

Transmission line congestion (TLC) can be defined as a control structure condition when plausible blackouts
make it impossible for there to be enough transmission capacity to accommodate all control exchanges at once.
If control planning and expediting approaches are applied correctly and transfer constraints are appropriately
executed, the TLC can be reduced. For a short while, the obstruction can be allowed to continue in that form.
The TLC may cause avalanche blackouts that weaken the stability of the control structure if it continues for an
extended period of time. To unwind the control structure from the congested state, some actions can be taken,
such as re-transmitting the generator control yield, unifying renewable energy sources, blacking out crowded
lines, providing a responsive control stipend, stack reduction, setting up Actualities devices at optimal ranges,
etc. [4].

1. EVALUATION OF LITERARY WORKS

In the last decade of the 20th century, there is a significant shift in the electrical control industry's structure. For
techno economic reasons, all vertically coordinated control structure exercises were separated, allowing all

major enterprises to operate independently. These changes had a significant impact on the control structure's
administration and operation. Open access to the gearbox structure was necessary due to the deregulated power

! Research Scholar, Electrical Stream, Indus University, patelgajendra.20.rs@indusuni.ac.in
2Assistant Professor, Electrical Stream, Indus University. swetashah.el@indusuni.ac.in

Copyright © JES 2024 on-line : journal.esrgroups.org

2012



J. Electrical Systems 20-10s (2024):2012-2020

structure. Pool participation highlights were presented, and the evaluation of transmission clog confinements
was investigated by

J. Finney et al. [5] using an openly available computer Programme. A few blocking administration techniques
are presented in the article, and they are essentially divided into commercial and non-commercial strategies.
Commercial methods include nodal estimating, stack management, generator rescheduling, and celerity. Clogs
on transmission lines were discovered to be a significant issue when planning transmission extensions [6].
Based on the idea of structure designs, a short term deciding technique is used for blocking. [7]. It makes use of
two methods for part parameter space: raised body assurance and quadratic-linear programming. [8] Outlines a
precise plan for reducing line over-burden by modifying the fetch of generator hold off and stack dismissal in
light of the high tension lines' susceptibility to bus infusions.

Modified decoupled ideal control flow was achieved by using flow and Initial dual interiors immediately using
methodologies for markers and treatments [9], addressing adaptive and variable optimization in a unique way.
An advised marketing strategy for clearing clogs [10], Dispatch conductors are unable to deliver energy to
purchasers in the power business because to increased energy specifications and transactions. The electricity
network is overcrowded, which is the reason. For a brief period, they labored hard in the current energy sector
to lessen crowding in. In order to replace crowding throughout the network, this literature piece routine for
crowding administrators using distinct approaches [11] highlights renewable vitality sources while maximizing
societal welfare for all forms of exchanges. A local obstruct control strategy that makes use of the majority of
real and reception propagation obstruction spreading portions is described in also known as genuine and
receptive control flow affectability records—to detect blockage zones.

By contrasting the earnings of producing enterprises, wealth exchange, overflow of products, deadweight
welfare misfortune, and showcasing productivity before and after blockage, the social effects of transmission
clog [13] were investigated. Shunt capacitors were suggested as an economical way to lessen blockage.
Temperature restriction, voltage solidity, and direction are the three main causes of gearbox blockage [14]. For
a significant increase in line stacking space, an unused distinct line should also be established. In order to
determine whether zones should be combined or divided, the concept of accurate profit cost [15] is used to
compute sectional barriers. LMP is also used in conjunction with zonal and settled transmission rights to reduce
congestion. [16] Shows some variations of the expanding vitality exhibit possible results by using rule-based
models that consider the working memory, information base, and deduction supervisor. "If-then" rules are used
to construct contracts and set boundaries by specifying predecessor and consequent condition activity pairings.
[17] The paper includes a brief review of several algorithms and other authors' work. The hybrid market is the
last to be discussed because it is a developing industry. Much work has been done on traffic congestion control
and related techniques in deregulated electricity systems.

. CONGESTION MANAGEMENT ESTABLISHMENT
A Bus Sensitivity Factor (BSF)

For the ith line from the stack stream investigation, the control stream reputation (Pab) connecting the buses a
and b can be determined. It is referred to as:

Pab = IVa||Vb||Yab| COS(eab — 83 — Sb) 'V23 Yab Coseab .............................. (1)

Va, Vp stands for the voltage magnitude and 85, 8y for the point, respectively. The sizes and comparison points
for the component ab of the Yy lattice are denoted by the terms Ya, and 04, respectively.

As a result of genuine control infusion AP, at 2" Bus, the BSF can be described as the tiny variation inside the
genuine helm flowing within the y™ transmission line connecting a and b" buses [18]. The real control
variation that links the desired buses is called APab. The BSF representation is shown below:

BSFy; = APab/APz..eeiviiiiieie (i)
BSFy; = aabman + babmbn. ... (iii)
Here, aab = Va Vi Yab Sin(0ab + 8 — 8a) v evvvineirieiiinieannnns. (iv)
bab = -Va Vb Yap Sin(@ab + b —8a)...novvevniniiiiiii, v)
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The Jacobian lattice obtained from the control stream is where the component man and mbn in Eq. (iii)
originate from. In [19].

B. Generator Sensitivity Factor(GSF)

The generators associated with a particular control structure zone subscribe shifting affectability towards the
control stream inside the material lines. When a congested transmission channel experiences the least move
within the genuine control (APx) communicated by the generators, the GSF Calculate assists in analysing the
step-up or step-down (APab) [20,21]. The gth GSF of the yth line, which is regarded as congested, is known as
the GSFyx. The GSF is also known as:

GSFyx = APab/APX ..............................

The true control stream Pab and the true control APx balanced by the xth generator can be used to calculate the
GSF values [20]. For the slack bus, the GSF is 0. The generators that discuss the most extended advantages of

GSF are considered to join the helm delay plan.

IV.STRATEGY
Table 1: Benefits and Drawback of Different Approaches
Sr. .
NO Approach Benefits Drawbacks
1 Fast Evolutionary|lt is implemented directly [22]. It's|Early fusion [23]. Finding global optima is

Programming

necessary to adjust a few parameters as it
is. The execution is sound.

challenging because of the wasteful switch
during the searching phase from Cauchy to
Gaussian change.

2 Genetic Algorithm [Finding global optimum solutions for allt's possible to propose ineffective
diverse range of tasks with success.arrangements. Neighborhood optima are
Pertains to nonstop and discretefinclined to comply [24]. When dealing
parameters alike. with a complex situation, it may be
necessary to take the visit appraisal of the
wellness work carefully.
3 Differential Not many control settings are used. The|Setting up the initial plan parameters is
Evolution following global optima are independent|difficult. Moderate rate of enlistment. Early
of the initial values of the parameters.  |enrollment.
4 \Whale Optimization |Both discrete and persistent look spaces|The phases of usage and investigation are
Algorithm can benefit from this tactic [25]. Able tojout of balance. A neighborhood optima
manage an enormous quantity of optionmay demand to be caught due to the
components [26]. Simple to implementiencompassing  handle  [25]. Early
and write. participation.
5 Streamline  Whale [The phases of abuse and inquiry need to
Optimization be properly regulated. Effective in
Algorithm finding global ideal locations. One way

to avoid the surrounding optima is to
modify the winding component. Less
reliance is placed on the main
configuration.  Enrollment rate s
acceptable.

V. MAJOR CONTRIBUTION
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Fig.2. Diagram illustrating IEEE-118 bus structure in a single line [27]

?

110
 E—

<«

To validate the recommended CM method's appropriateness on a bigger scale, SWOA links it to system
construction's single line visual depiction is displayed in Fig. 2 [27]. Here, there's an error on line L8-5 that has
resulted in congestion on line L8-30. The congested line's comparative depiction of the line control streams is

shown in Table 2.

Table 2: Power flow infringements for linelg_3,

Line Line limit Power flow | Power flow with
(MW) (MW) 03pu W
8—130 175 420.87 208.97

Table 3 contains the computed BSF values. Among all the BSF values, it is observed that the one that is most
negatively correlated with Bus 22 is the one that veers off. Accordingly, bus 22 is the most persuasive location
for the WF to join, which will ultimately help to reduce the total amount of regulate the L8-30 streaming.

Table 4 displays the GSF values that were calculated WF introduced at bus 22. The generators 27, 31, 32, 34,
36, and 40 are observed to have deviated from GSFs the greatest.
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Table 3: Bus sensitivity Factors (BSF)

Bus No. BSF without WF BSF with WF Bus No. BSF without WF BSF with WF
2 —0.0189 —0.0152 57 —0.0017 —0.0015
3 —0.0401 —0.0398 58 —0.0258 —0.0251
5 —0.0408 —0.0401 60 —0.0261 —0.0257
7 —0.0239 —0.0228 63 —0.0196 —0.0190
9 —0.0048 —0.0043 64 —0.0381 —0.0378
11 —0.0318 —0.0312 67 0.0279 0.0282
13 —0.0214 —0.0210 68 0.0177 0.0178
14 —0.0356 —0.0351 71 0.0313 0.0318
16 —0.0242 —0.0239 75 —0.0029 —0.0021
17 —0.0021 —0.0020 78 —0.0248 —0.0241
20 —0.0361 —0.0358 79 —0.0362 —0.0359
21 —0.0179 —0.0171 81 0.0208 0.0209
22 —0.3841 —0.3274 82 —0.0285 —0.0280
23 —0.0211 —0.0208 83 —0.0514 —0.0503
28 —0.0373 —0.0371 84 —0.0048 —0.0040
29 —0.0363 —0.0359 86 —0.0217 —0.0209
30 —0.0282 —0.0280 88 —0.0315 —0.0304

Table 4: Generator sensitivity Factors (GSF)

Gen No. GSF Gen No. GSF Gen No. GSF Gen No. GSF
1 0.001 32 0.45 66 -0.006 92 -0.0003
4 0.002 gr 0.63 69 0.000 99 -0.0004
6 -0.002 36 038 10 .09 100 -0.0002
8 -0.04 40 0.51 2 0.014 103 0.001
10 -0.04 42 0.01 13 0.014 104 -0.001
12 -0.06 46 0.03 14 0.014 105 -0.001
15 -0.06 49 0.02 16 -0.006 107 -0.001
18 -0.04 M 0.009 1 -0.005 110 -0.001
19 -0.04 55 0.004 80 0.004 111 -0.001
Lt -0.04 56 0.003 85 -0.003 112 -0.001
25 -0.05 59 0.005 87 -0.002 113 -0.001
26 -0.03 61 -0.001 89 -0.002 116 -0.001
27 -0.16 62 -0.004 90 -0.0002
31 -0.24 63 -0.002 91 -0.0005

VI.EXPERIMENT & RESULTS

To lessen the obstruction, the CM problem is linked to the SWOA. To alleviate the obstruction on line L8-30,
SWOA is used to reschedule the chosen generators in the best possible way. Table 5 displays the yield achieved
using SWOA for the 118 Bus structure. The line stream, which was formerly 208.97MW, is further reduced to
161.81MW. With SWOA, the blockage taken as a toll is 3032.27 $/h. Among all the analyzed optimization
procedures, it can be observed that the clog caused by SWOA is the least. Compare the performance of SWOA
with other optimization algorithms to compare cost analysis its effectiveness in table 5 and graphical analysis in
Figure 3 and Figure 4.
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Table 5 Comparizon of the outcomes of 118 bus structure using SWOA and alternative methods

Optimization Technique FEP GA DE CSA WOA MWOA SWoA
Best cost ($/h) 358876 | 3400.84 | 336151 3ol 3178.02 | 311581 3032.27
Worst cost (3/h) 3868.03 | 364762 | 3559.16 3381 330067 | 3163.42 31
Mean value J648.09 | 358594 | 346371 3275 3201.64 | 315647 3070.63
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Fig.3. Costs associated with congestion for the 118-bus system using the suggested optimization strategies
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Fig.4. Using SWOA and several optimization techniques to represent convergence profiles for a system of 118
buses

Figure 4 presents additional optimization strategies from the CM problem along with the merging feature of
SWOA. SWOA has met at the 38th focus number as compared to other optimizations drawn closer together for
the CM fetched issue. Table 6 compares the outcomes of SWOA with various optimization algorithms, and
Figure 5 shows a graphical breakdown of the results.

Table 6 Comparative analysis of results achieved with SWOA and other techniques for 118 bus system

Paramet FEP GA DE CSA WOA | MWOA | SWOA

Standard Deviation 124832 | 10.6382 | 84893 | 6.7281 | 4.6842 | 23602 03612

Post Power flow (MW) | 171.86 | 169.75 17001 | 17490 | 168.98 168.03 161.81

Total Amount (MW) 20098 | 190.14 18237 | 18225 | 17982 | 17514 168.97
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Fig.5. Graphical System Parameter values compare with Optimization Techniques

Table 7. Survey of system mislaying and voltage for 118 bus system
System Before After Rescheduling
Parameter | Rescheduling | FEP | GA DE CSA | WOA | MWOA | SWOA
Loss (MW) 140.36 138.69 | 138.12 | 13793 | 137.62 | 137.02 136.71 132.863

V(p.n.) 0.953 0060 | 0969 | 0064 | 00860 | 0972 0.979 0.00160
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Fig.6. System loss comparison for 118 bus system after CM using SWOA and additional methods
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Fig.7. Comparative voltage (p.u.) with SWOA and Optimization Techniques for 118 bus system

Table 7 shows the comparison analysis between the voltages and structural misfortunes in the post-CM
scenario. It is seen that the SWOA structure's misfortune has decreased from 140.36 MW to 132.863 MW
(congested situation). When compared to other optimization techniques discussed in Table 7, the reduction in
structural misfortunes achieved with SWOA is determined to be calculable. Discusses the comparative
structural misfortunes following CM with the conducted optimization computation for the 118 Bus structure.

Additionally, Table 7 indicates that the standard voltage of the buses is now increased to 0.99169 p.u. using
SWOA.
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VII. CONCLUSION

In this suggested work, a traffic management display for fetched curtailment has been built considering the
integration of Wind Farm into the control structure organize and the dynamic control hold off. The
recommended traffic control mechanism has been tested for feasibility using the IEEE-118 Bus system. This
work examines the potential situation similar to queue blackout. A newly minted SWOA methodology, inspired
by the original Whale Optimization method, is being established to achieve the optimal control era for
barrier caused and impact reducing, the ideal control era for blockage taken a toll minimization. It’s now
recommended that the SWOA take precedence over the inclination to encroach over adjacent peak and untimely
meeting issues when carrying out the above development estimates for the traffic management issue.

When compared to the further implemented development techniques and evaluated using conventional
benchmark capacities, the SWOA has fared well during the investigation and abuse stages. Applying SWOA to
the traffic management process has resulted in a more efficient reduction of traffic jams when compared to the
outcomes of some of the more advanced optimization techniques. In terms of analytical time, additional
validated computations must be replaced by the SWOA method. As long as the preferred work to identify the
ideal DG area for traffic control is still underway, the SWOA may be extended. It is feasible to investigate the
traffic management problem further by treating the transmission misfortune coefficient network as a
hypothetical task.
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