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Abstract

Since climate change is prompting cataclysmic consequences across the world, renewable power
generation technologies like wind power recommend fitting substitutes to fossil fuels for dwindling
greenhouse gas production. For facilitating the escalating energy requisite of its rising economic
structure, India must track down newer cost-effective wind power generation prospects. The current
study intends to maximize the annual profit of an offshore wind power generating site in the Gulf of
Khambhat exercising artificial intelligence. Genetic algorithm and binary particle swarm optimization
algorithm have been applied at the same time to weigh their relative proficiency. The conclusions of
the evaluation verify the enhanced competence of genetic algorithm over binary particle swarm
optimization in optimizing the deemed purpose.

Keywords: Offshore Wind Power, Genetic Algorithm, Binary Particle Swarm Optimization, Annual Profit,
Gulf of Khambhat.

Genetik Algoritma ve Ikili Parcacigin Goreceli Bir Degerlendirmesi
Yillik Karim1 En Ust Diizeye Cikarmak icin Siirii Optimizasyon Algoritmasi
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Ozet

Iklim degisikligi diinya ¢apinda felaketli sonuglara yol agtigindan, riizgar enerjisi gibi yenilenebilir
enerji lretim teknolojileri, azalan sera gazi iretimi ic¢in fosil yakitlarin yerine ikamelerin
kullanilmasini 6nermektedir. Yiikselen ekonomik yapisinin artan enerji ihtiyacini kolaylagtirmak igin
Hindistan, daha yeni, uygun maliyetli riizgar enerjisi iiretim beklentilerini takip etmelidir. Mevcut
calisma, yapay zeka kullanan Khambhat Korfezi'ndeki bir agik deniz riizgar enerjisi iiretim tesisinin
yillik karint maksimize etmeyi amacliyor. Goreceli yeterliliklerini 6lgmek i¢in genetik algoritma ve
ikili pargacik siirii optimizasyon algoritmasi ayni1 anda uygulanmistir. Degerlendirmenin sonuglari,
varsayilan amaci optimize etmede ikili pargacik siirii optimizasyonu iizerinde genetik algoritmanin
gelismis yeterliligini dogrulamaktadir.

Anahtar Kelimeler :Agik Deniz Riizgar Enerjisi, Genetik Algoritma, ikili Pargacik Siirii Optimizasyonu,
Yillik Kar, Khambhat Korfezi.
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1. Introduction

As a consequence of the widespread disquiet for the underprovided stash of fossil fuels and their
ruinous impacts on the environment, renewable energy techniques proffer prospering alternates for
the power generation industry [1]. Unexpectedly throughout the Covid-19 related restrictions, the
consumption of renewable resources underwent an upsurge of 3% whilst the requirement of fossil
fuels collapsed unanimously [2]. While India at present supports the second biggest populace on the
Earth, it turns out to be remarkably pivotal for its energy supply industry to take advantage of the
renewable energy resources for boosting the incipient fiscal structure through nature-receptive
techniques [3]. Wind energy, chiefly, is a crucial and efficient renewable energy resource for
electricity generation [4]. The expense of generating wind power has dwindled markedly throughout
the previous decades globally [5]. The National Institute of Wind Energy (NIWE) has endorsed the
wind energy generation competence of the nation as 302 GW at 100 m [6]. Presently, the nation
generates 10.3% of its 377260.67 MW full ordained power generation ability from Wind Turbines
(WTs) [7]. One of the most favorable attributes of Wind Power Generation (WPG) of India is that it
is almost 35% cheaper than the electricity generated from a larger segment of the thermal power plants
and another 7% reduction is anticipated by 2022 [8].

Hasager et al. [9] investigated the opportunity of offshore WPG in the southmost portion of inland
India was quantified with ENVISAT satellite imageries congregated within 2002 and 2011. Mani
Murali et al. [10] explored the feasible sites for offshore WPG and their financial practicability were
reviewed. Kota et al. [11] presented a relative scrutiny of several strategy agendas concerning the
offshore WPG in the U.K., U.S.A., and India has been discoursed. Nagababu et al. [12] examined the
offshore WPG competence of India has been estimated utilizing the OSCAT satellite records.
Nagababu et al. [13] applied the Re-examination and bathymetry statistics for assessing the WPG
capability in the special economic region in India allowing for the maritime organic circumstances.
Singh and Kumar S.M. [14] attempted for the evaluating of the offshore WPG ability and minimizing
of the generation expenditure in the Indian coastline range by general algebraic modelling. Kumar et
al. [15] evaluated a bigger offshore WPG arrangement for the western shore of Gujrat using the
environment analysis and generation expenditure has been prophesied.

The maximization of financial profitability of Indian offshore WPG units necessitates more
consideration to aid the green changeover of the Indian power generation industry. While the task of
wind farm profit maximization requires enormously intricate computing strength, Artificial
Intelligence (Al) is capable of assisting the decision-maker in such a complex setting. Al procedures

have been employed in miscellaneous disciplines of technology because of their strength, flexibility,
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and swiftness with commendable accomplishments [16] - [25]. The central government of India along
with the NIWE instituted Light Detection and Ranging (LiDAR) assessment for authenticating the
WPG competence at the coasts of Tamil Nadu and Gujarat of India [26]. Comprehensive information
concerning the features of offshore wind speed has been procured by a LiDAR placed adjacent to the
Gulf of Khambhat [27]. The existing paper purposes for maximizing the annual profit of a wind farm
in the Gulf of Khambhat of India employing two bio-stimulated Al procedures known as Genetic
Algorithm (GA) and Binary Particle Swarm Optimization Algorithm (BPSOA) to compute their

comparative efficacy.

2. Problem Formulation

The kinetic energy engrossed by a WT can be determined as per Equation 1.
1
pP= Epr93Cpcost9 1)

In Equation 1, P stands for the kinetic energy, p denotes the air density, A signifies the wheel area, v
stands for the windspeed, C, is the power coefficient and & denotes the yaw inaccuracy [28]. WPG
units can stay profitable by skilled controlling of the generation cost [19]. The current research work
focused on maximizing the annual profit of a wind farm [29]. The objective function has been
mentioned in Equation 2.

Profit = (SP — CoE) X Piora ©)

In Equation 2, SP stands for the selling price of the 1 kWh generated electricity, COE denotes the
generation cost per unit of electricity and Prwtal is the annual generated power [29]. CoE function
considered by Bhattacharjee et al. [19] has been taken into account for the present study. The location
and the wind-stream form noticed in the Gulf of Khambhat have been presented in Figures 1 and 2

correspondingly.

Figure 1. Location of the Gulf of Khambhat [30]
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Figure 2. Wind-Flow Configuration for the Gulf of Khambhat
3. Optimization Algorithms

GA and BPSO have been applied for maximizing the annual profit of a probable wind farm in the
Gulf of Khambhat of India. The optimization algorithms have been sketchily depicted in the

succeeding segments.

3.1. Genetic Algorithm (GA)

GA can be defined as a bio-stirred exploration method to acclaim solutions for optimization trials
mimicking the evolvement of organic preference as envisioned by Turing [31]. GA has been exercised
in numerous technical realms for unravelling specific and compound criteria decision-rendering
challenges [16]. The algorithm has been defined as follows.
1. Coordinate the parameters such as populace range, repetition count, possibilities for crossover, and
mutation.
2. Process the fittingness of every chromosome.
3. Appoint the populace unsystematically.
4. Analyse the properness of every chromosome.
5. Initiate the arithmetic crossover technique.

(@) Elect a numeral indiscriminately inside 0 and 1. If it is not as much of the possibility

of the crossover, indicate the chromosome for the crossover scheme.

(b) Complete crossover between the paternities.

(c) Scrutinize the possibility of the descendants.

(d) combine the viable descendants into the populace.
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6. Kick off the mutation activity.
(a) Elect a numeral indiscriminately inside 0 and 1. If it is not as much of the possibility
of mutation, elect the chromosome for mutating.
(b) Mutate the individuals.
(c) Justify the immaculate individuals.
(d) If the originated chromosome is practicable, incorporate it into the latest populace.
7. Assess the properness of the novel beings shaped using crossover and mutation approaches.

8. Identify the most outstanding outcome pursuing the choice maker’s liking.

3.2. Binary Particle Swarm Optimization Algorithm (BPSOA)

Particle swarm intelligence mimics the shared deeds of a group of bees through relating the
communication allied to the all-embracing and delimited optimal outcomes [17]. The BPSOA is an
adapted arrangement of particle swarm optimization algorithm that sums all elements as strings of
bits [19]. The spot of a particle can be revised by the velocity [32]. The BPSOA can be defined as
follows.

1. Indiscriminately fabricate a basic population.

2. Randomly construct the fundamental velocities inside the confines.

3. Assign the initial values for local and global best locations.

4. Compute the weights required for velocity formation.

5. Alter the velocities of the particles accordingly.

6. Change the locations of the particles following the velocities.

7. Conclude if the final conditions are realized, else return to step 3.

4. Results and Discussions

For evaluating the comparative operation of GA and BPSOA, a comparable goal for maximizing the
yearly profit of a probable wind farm in the Gulf of Khambhat has been deemed. Annual profit has
been measured in USD. GA and BPSOA have been reiterated 50 epochs. Populace magnitude has
been deemed as 20 for GA and BPSOA. 1.5 MW turbine of diameter 77 m has been exercised for the
existing study. To decrease the wake deficit consequence, the space between two nearby turbines has
been reserved as 4 times the turbine diameter. The cut-in and cut-off speeds have been considered as
12.6 km/hr and 72 km/hr correspondingly. Three layouts of dimensions 2000 m x 2000 m, 2500 m x

2500 m, and 3000 m x 3000 m have been considered for the study. The selling price of wind power
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has been considered as USD 0.033/kWh [33]. The optimal positions of turbines achieved through GA
and BPSOA have been presented in Figures 3-5 and 6-8 respectively.
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Figure 3. GA Optimized Layout of 2000 m x 2000 m
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Figure 4. GA Optimized Layout of 2500 m x 2500 m
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Figure 5. GA Optimized Layout of 3000 m x 3000 m
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Figure 6. BPSOA Optimized Layout of 2000 m x 2000 m
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Figure 7. BPSOA Optimized Layout of 2500 m x 2500 m
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Figure 8. BPSOA Optimized Layout of 3000 m x 3000 m
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The annual profit of the possible offshore WPG unit in the Gulf of Khambhat computed using GA
and BPSOA has been presented in Table 1.

Table 1. Comparison of Optimized Annual Profit Attained by GA and BPSOA

Layout Dimension GA Optimized = BPSOA Optimized
Annual Profit (in  Annual Profit (in

USD) USD)
2000 m x 2000 m 12438 7867.1
2500 m x 2500 m 20444 13148
3000 m x 3000 m 25419 16353

The analysis outcomes prove the superior ability of GA over BPSOA in optimizing the annual profit
of the WPG unit for every layout dimension. Moreover, the power outputs of the layouts optimized
by GA are higher than those optimized by BPSOA.

Better profitability for similar layouts can enable the offshore WPG units to gain more economic
sustainability and assist the electricity generation industry to restrain the emission of greenhouse
gases.

5. Conclusion

As the Paris accord of 2015 directs the member nations to curb the release of greenhouse gases for
diminishing the repercussions triggered by global climate change, it turns out to be enormously
important for a coal-reliant nation like India to utilize more renewable energy resources for fulfilling
its energy requirement.

This current paper focuses on maximizing the annual profit of a possible offshore WPG unit in the
Gulf of Khambhat of India. Two well-recognized Al-driven techniques identified as GA and BPSOA
have been employed to optimize the layouts for better economic viability. The optimization solutions
demonstrate the better applicability of GA over BPSOA for three considered layout scenarios.

This study can instigate novel prospects of WPG layout optimization for both onshore and offshore
settings. In the future, WTs with higher generation capacity and wheel area can be attempted for a
better understanding of the resolution makers.
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