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Abstract: The world’s energy consumption has risen drastically in the last few decades due to the fast-growing
population, urbanization which lead to increased consumption in industrialization and domestic comfort. Most of
the world’s energy demand is fulfilled with conventional fuels to date, but these sources are not everlasting, it will
exhaust in a few years. Nuclear fuels which are used for electricity generation are also on the verge of exhaustion
and the recycling process of uranium fuel is a riskier process. The world is witnessing drastic climatic changes like
global warming, an increase in sea level; that result in adverse health and environmental consequences. To get the
better of these problems or at least limit them to a certain level, researchers all around the world have accepted
renewable energy sources as the alternative source of energy. Again the renewable energy sources are uncertain or
unpredictable in nature. It is better to use hybrid sources that can counterbalance the indiscriminate nature of each
other. The hybridization of renewable sources is a complex non-linear problem. Researchers have adopted different
optimization techniques to find the optimal size and cost of available resources. This chapter summarizes different
optimization techniques used so far which helps researchers find suitable options out of many.

Keywords: Hybrid Renewable Energy sources (HRES), Optimization, Solar photovoltaic (PV), Wind, and
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1. INTRODUCTION

Electricity is the crucial factor for the sustainable development of any country. A growing country like India
faces many challenges like exponential growth of population, increasing per capita energy consumption with
optimum use of available energy resources. Currently, the majority of energy demands are met by conventional
energy sources. The conventional fuels extracted from nature also have limited capacity; fossil fuels will not
ever lasting. Nonetheless, India’s per capita energy consumption stands at 30% of the world’s average [1].
Harmful effects of using these conventional sources are also well-known. Therefore due to drastic climatic
changes, depletion of fossil fuels, increased prices of oil and growing energy demand, worldwide attention has
shifted towards renewable energy sources for clean electricity generation [2, 3]. There is a huge potential for
renewable resources that can be exploited to reduce reliance on conventional energy sources. Alternative
sources of energy are appropriate to implement micro-girds or distributed generation in an islanded
area/remote area for local electricity generation. A large portion of India's population lives in remote non-
urban regions. Also population is sparsely scattered in the vast geographical location, where government
cannot provide electricity through the centralized national grid. Solar, wind, biomass, geothermal and
hydropower are main renewable energy sources. These sources depend on weather conditions such as solar
insolation, wind speeds, or availability of fuel in case of biomass [4]. Due to unpredictable weather conditions,
the output power from these sources is fluctuating or uncertain. To overcome this problem of renewable
energy sources, the best solution is hybridization. Hybridization occurs when two or more non-conventional
energy sources are used which can counterbalance one another’s weakness. A hybrid system draws on the
power of more than one local resource to fulfil the demand of a remote area in a cost effective manner with the
aim of providing continuous and carbon free energy [5].

2. HYBRID RENEWABLE ENERGY SYSTEMS

Hybrid renewable energy systems utilize the combination of at least two renewables or renewable sources
including conventional sources and storage facilities such as wind and PV system or wind and hydro system
or solar wind system with battery or solar wind system with diesel generator for round the clock generation
of electrical power. It is commonly used as standalone mode for remote or islanded areas to utilize locally
available resources to fulfil load demand of the area. This reduces transmission and distribution losses and
hence reduces cost [6].

Wind, solar photovoltaics, biomass and hydroelectricity are the most widely used renewable sources. For
proper prediction of output power from these sources, specific inputs are required like, wind speed for wind
energy generation, solar insolation for generation from PV, biomass fuel for biomass generation. Solar system
with battery, solar system with diesel generator, windmill with battery, windmill with diesel generator, solar
system with windmill, diesel generator and battery, Biodiesel generator with diesel, PV-Biodiesel, wind-PV-
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Biodiesel are commercial HRES combination as shown in Fig.l. In these combinations, different renewable
sources have different generation characteristics like, flow of water changes in river according to season; solar
radiation is higher in summer than in winter, just like the wind speed is higher in summer. Electricity
generation from HRES is independent of fuel cost as renewable resources are free, abundant and infinite.
However, for better performance of HRES, environmental factors and a proper combination of suitable
renewable energy sources is very important. System reliability during various climatic conditions and overall
cost of the system are serious concern in designing HRES [7].

Renewable sources

oWind ®Diesel Generator oFlywheel
®Solar PV e®Combustion turbine ®Battery
e®Micro Hydro ®Gas turbine oFuel Cell
®Biomass ®SMES
oTidal

Figure 1: Hybrid Renewable Energy Sources

3. OPTIMIZATION PROBLEM

Optimization of size, economic operation, controller design, real and reactive power control, voltage and
frequency, reliability control are the main issues of optimization problem in the area of HRES [8]. The
optimization problem include the knowledge of availability of renewable resources for power generation,
hybrid system design, i.e. sizing and storage system options, interconnection of different sources with the help
of converter, load curve of the area that has to be met, optimal operation, optimized cost, battery life, voltage
and frequency regulation in case of grid connected system and overall effect on environment as shown in Fig.2
[9]. Numerous researches have been made for optimum economic design of HRES using intelligent techniques
and algorithm [10-15]. Economic designing of HRES means to find the best combination of renewable or
conventional generating sources (Size) with or without battery, which can securely fulfil the load demand. In
this study, most commonly used optimization techniques are discussed from literature survey. Different soft
computing techniques, heuristic and meta-heuristic techniques are observed in literature survey, namely,
HOMER, HOGA, HYBRIDs, PVsyst, etc. [4, 12, 16] and artificial intelligent techniques using popular bio-
inspired optimization algorithm, Particle Swarm Optimization (PSO), Genetic Algorithm (GA), Ant Colony
Optimization (ACO), Harmony Search (HS), Tabu Search (TS), Cuckoo Search (CS), neural network and
fuzzy logic [17-20]. Some literature focused on comparative assessment of application of these optimization
techniques for solution of optimization problems in hybrid renewable energy systems (HRES) [4, 10-20].
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Figure 2. Components of Optimization Problem
4. VARIOUS OPTIMIZATION TECHNIQUES:
— Analytical techniques
Analytical techniques develops mathematical model of the system and solves the problem using direct
numerical solution. Itis an appropriate method for simple and linear problems, as computing time is very less.
But the accuracy is compromised when the problem becomes complex or non-linear. Table 1 shows summary
of analytical techniques used in different research.

Bottom Lawval Component
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a) Graphical Construction
In graphical construction method, optimization problem can be solved by plotting all constraint functions in
one graph. This method can be used for two variable problems only, and the effect of change of one parameter
with respect to other is observed graphically. Solution for such problem can be identified by finding feasible
region of the objective function [8].
b) Probabilistic Approach
In probability approach, the randomness is shown in collected data; therefore the state variables in this
method are described by the statistical tool instead of unique values.
c) Iterative Approach
Iterative approach is a mathematical method of optimization problem, that calculate approximate solution
and a sequence of improvement of solution until the termination criteria is reached. For repetitive calculation
of sequence of improvement, this method was performed using computer as computational time increases
with increase in number of variables.

Table I: Summary of Analytical Techniques

Approach Objective Method Reference
Graphical . . . . . o . Markvart et
Construction Optimal sizing of solar photovoltaic system Feasible solution of objective function al. [21]
Graphical Optimal sizing of hybrid wind/PV system for . . .
Construction Woagan island of Hong Kong, Grapliteall sobineion bt el [27]
Annual average method, average of
Probabilistic Optimal size of battery in a PV/Wind hybrid unfavorable month method and loss of Kadda et al.
Approach system with minimum price power supply probability method [23]
(LPSP).
e . . . . Hourly average generation capacity .
Perbablhstlc Optimal designing of hybrid PV/wind energy method and most unfavourable month Z. Benhachani
pproach system [24]
method
. Optimal size of the available sources
Iterative : . AL . . . Umer Akram
A To find maximum reliability at minimum cost Optimal capacity of Battery energy
pproach 2017 [25]
storage system (BESS)
Number of wind turbines and number of Sami Hamed
Iterative Optimal sizing the number of PV panel and solar panels starting from the minimum 4 a
. . . p . Alalwani et al.
Approach wind turbine for a stand —alone system numbers until the possible maximum [26]
numbers which optimize the system
Iterative Minimization of life cycle cost of hybrid . . .
Ja— L 2 —— Linear programming method Lietal. [13]

— Software based approach

Renewable energy sources are abundant in nature but due to lack of proper designing and optimization, HRE
systems are over-sized or unreliable, which makes renewable sources rare choice and higher cost system.
Therefore, in order to design a steady-going and low-cost system, a technical and economic analysis is required
for effective use of HRES. Random availability of renewable sources makes designing process more
complicated. For proper designing, analysis, optimization and economical planning, numerous software
models have been developed. These software streamline the hybrid system design process and allows a better
use of renewable resources. In this section, commonly used software for HRES optimization, are discussed
along with literature review. Some of the software tools used include HYBRID, RETscreen, TRYNS, iHOGA,
and Hybrid Multi-Power Resource Optimization (HOMER), etc. [12-13]. Table 3 shows literature review of
different software used by the researcher.

a) HYBRID2

HYBRID 1 was developed in 1994 by the University of Massachusetts USA with support from National
Renewable Energy Laboratory. Later HYBRID 2 was designed in 1996 and now 1.3b is the latest version of
HYBRID which is freely available for download and use, with a password for installation on Windows XP
version. It uses Microsoft Visual BASIC platform for programming and Microsoft Access Database. HYBRID
2 uses statistical method for calculations and performs detailed analysis of system economics, long term
evaluation, and prediction for various HRES. It has higher control strategies for precise simulation [27].

It is simulation software that can model solar photovoltaic array, wind turbines, diesel generators, and other
components of HRES. Fuel cells with hydrogen tanks and electrolyzers can be also be designed in this
software. The HYBRID2 software has four components, i.e. the Graphical User Interface (GUI), simulation
Module, economic Module and Graphical Results Interface (GRI). The software has data files for various
resources but software lacks flexibility as it has limited access to parameters. Although HOMER is most
recommended software by NREL for optimization and further improvement can be done in design by using
HYBRID2 [28].
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b) RETScreen

RETScreen is feasibility calculation tool was developed by the Ministry of Natural Resources, Canada in 1998
for on-grid applications. It can evaluate cost and emission calculations for various combinations of renewable
sources [29].

PV model of RETScreen also have grid connected applications, stand-alone, and hybrid systems. Its database
contains global climatic data of 6000 land stations, yearly temperature data, wind energy resources maps,
hydrology data etc. NASA climatic database can also be accessed with a link in it. RETScreen 4 and
RETScreen Plus are two version of RETscreen. RETScreen 4 is project analysis software on Microsoft excel
techno-financial evaluation [30].

RETScreen Plus is used for performance analysis with the help of energy management tool. Due to excel based
software, it is easy to use for techno-economical evaluation but the main drawback of the system is that, it
cannot import the data or files, no visualization feature, less number of options for search and problem in data
sharing. It does not support more advanced calculations [12, 31].

¢) PVSyst

PVsyst is freely available software for detailed analysis of sizing and data collection of PV systems. This
software is customized with complete set of tools for the designers, engineers and researchers for absolute
and accurate study of PV system. It can also be used for educational training purpose. It is multi-lingual
software available in English, and other 7 languages. PVsyst 7.0 runs under all Windows operating systems;
with minimum screen resolution is 1280x720 at 100% text size. Latest version PVSyst 7.1 is available. It can
perform techno-economic analysis of PV system that is either grid connected or stand-alone system equipped
with battery. This software provides multiple objects to elucidate effect of shading and simulation of PV
system with varied directions. It displays output in graphical form for the functioning of PV components and
performance of PV array under shading [31-33].

d) HOGA

HOGA is a GA based optimization program for hybrid systems developed by the Electric Engineering
Department of the University of Zaragoza (Spain). iHOGA is the new version of HOGA. Genetic Algorithm
is used for optimization. It can also be used for multi-objective optimization problems. It works on Windows
XP or Vista platform. Two versions of iHOGA are available, EDU version and PRO version. EDU version is
educational software for training which is freely available with some limitations. PRO version is used for
research activity and it is paid version. This software allows optimization of solar photovoltaic system, wind,
battery, Diesel generator, biomass generator. [34].

Advantages of iHOGA software were summarized by [15]; it uses genetic algorithm for optimization of HRES.
It designs renewable energy sources accurately for economic and probability analysis. Carbon emission for life
cycle of the project is also calculated. Data can be easily exported from this software. Grid connected system
with net-metering can also be simulated by iHOGA [11-12, 35].

Main drawback of EDU version of HOGA is that it needs internet connection for activation of license.

¢) TRNSYS

TRNSYS was developed in 1975 by the University of Wisconsin and the University of Colorado, USA. It is
basically Transient Energy System Simulation Program that simulates program in FORTRAN language and it
does not carry out optimization. Initially it was used for simulation of thermal system, later it was used for
simulation of hybrid (PV/thermal) system. TRNSYS library comprises many commonly used components of
renewable and thermal system. Its simulation is very precise and gives output in the form of graphics with
great details and accuracy. This software is not freely available [14, 36]

f) iGRHYSO

iGRHYSO (improved Grid-connected Renewable Hybrid Systems Optimization) is a Spanish language
program. This software can simulate and optimize solar PV, wind, small hydro, hydrogen storage batteries
etc. Resource data like solar irradiation, wind speed or temperature data can be imported in the software from
the NASA website, connected to the software. The effects of variation of these resources like wind speed or
temperature can be studied. This tool calculates Internal Rate of Return (IRR) and considers various
sales/purchase of electricity from grid. Results obtained from simulation can be exported in excel sheet
format. This tool is only available in Spanish language, that’s the only drawback of this tool [37-38].

i) HOMER

HOMER is very popular and commercial software developed by National Renewable Energy Laboratory
(NREL)/USA, used for designing and planning HRES. It evaluates technical and financially feasible options
for stand-alone and grid connected power systems. A variety of HRES components can be modeled in
HOMER such as wind turbines, solar photovoltaic networks, fuel cells, small hydro power plants, biomass,
converter, storage system, batteries and diesel/conventional generators.
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Table 2: Literature survey for software approach

Renewable Energy Site/ Location Parameters considered

Software

. . Sensitivity analysis, Total
HOI\{)[?EP; and PV/Wind/DG system with Madhya Pradesh India Net Present Cost and Yashwalnt Sawle et
converter and battery carbon emission al. [11]
PVSyst P\/C(S);as?li?pfggidf Unknown Techno-financial analysis Tazarine et al. [18]
hybrid biomass generator Taberei District of the . N
TRNSYS with solar thermal system Odorheiu Secuiesc City payback period Adrian Ilie et al. [19]
RETscreen grid-connected rooftop solar | University of Surabaya, Greenhouse gas emission | Tarigan Elieser et al.
PV system Indonesia. reduction [41]
HOMER and off-grid solar PV battery Residential load in Optimal sizing, cost Khairy Kassem et al.
RETscreen system Sohag city effective PV configuration [42]
PVsyst Stiﬁg;ig?:i};?:;ig;nd Ghardala site Optimal design Kaﬁggﬂfﬁj{ﬁ} 3]
Mobile Power Pack Module
PVSyst and (MHPS) Sei Bening, Kalimantan Naftalin Winanti et
HOMER PV/Generator with Gasoline Island, Indonesia PVSyst and HOMER al. [44]
Fuel, Battery, and Inverter
TRNSYS Windmill system 30 states of India Wind Energy potential VIShakhF 415-?111( ctal
TRNSYS Solar thermal system Baghdad, Iraq Annual solar fraction MNNFZE? mmed
Various combination
PV/Battery Tom Lambert
HOMER PV/Hydro/Battery Unknown NPC 2006[47]
PV/Wind/Fuelcell
PV/Wind/Grid tied
Western Himalayan
HOMER Wind/PV Indian state of COE Raﬁgﬁag’]“ a
Himachal Pradesh
Renewable energy lab, Majid Al.a bdul
HOMER PV system/Battery Sohar-Oman NPC/COE Salam, Ali H Al
Waeli 2013 [49]
. . COE), total net present . .
Photovoltaic (PV)/Wind . . . ’ . Faisal Alkarrami
HOMER turbine Sirte City, Libya cost (NPC), and size 2016 [50]
Different combination of
HRES in both modes Aligarh Muslim Furkan Ahmad 2017
HOMER of operation with and University (AMU) Net Present Cost (NPC), [51]
without storage system
Academic research Anand Sinch
HOMER PV/Biomass/ Fuel cell building Bhopal MP COE/NPC S
® s 2017[52]
HOMER MGl (PV/WI\I/? él/zDG/Battery) Real building locatedin | Optimal size best possible | David Restrepo 2018
(PV/Wind/Battery/Grid) Medellin. configuration [53]
Khlélrllmhireurﬁrsgty of Optimum inverter size Md.
HOMER PV/Wind/Grid connected Te%hnolo 8 in Optimum PV-wind ratio Nurunnabi,2019
Bangla d%Zh Optimum size of the plant [54]
commercial classroom
. complex Potheri, J. Divya Navamani
HOMER Wind/PV/battery Thailavaram, Tamil NPC/COE 2019 [55]
Nadu
Residential community
Grid-connected located in the eastern Ammar H. A.
HOMER PV/Wind/battery system region of KSA, Kingdom LCOE Dehwah 2019 [56]
of Saudi Arabia
wind generator, a solar panel A building ar the Most feasible economical Peter Jenkins 2019
HOMER - > | University of Al-Marj ) .
and an inverter (MARJU). design [57]
Agroup of three vllages | o) System Net Presct
HOMER and | Biogas/Biomass/PV/fuel cell Cham agra'ana ar Cost (TNPC), Cost of Vendoti Suresh
GA with battery district Kg{ rna%aka Energy (COE), unmet load, 2020 [58]
State in India 02 emissions
Six different standard wind Yassine Charabi
HOMER turbines Oman COE 2020 [59]

cule4

8| Fasc




Tome XIX [2021] | Fascicule 4 [November]

Inputs to the HOMER software are meteorological data, load profﬂe of the area, technical details of
components, and economics of components, controls and dispatch strategy. HOMER can perform simulation,
optimization and sensitivity analysis of the HRES [39]. For simulation, HOMER carries out energy balance
calculations for different configurations of HRES including various components of different sizes to find out
most practical solution. Optimization process starts after completion of simulation. In this process HRES
components are optimized with the sizes specified in search space to find lowest NPC and output provides
each combination of HRES that can fulfill the load demand. Sensitivity analysis is performed with the multiple
values of a particular input given by the designer. It repeats the optimization process for each value of the
variable and the output shows the effect of the sensitivity parameter that is displayed as a table or graph.
HOMER is easy to use and freely accessible software. It gives output in form of graph and tables that can be
exported [40].

— Artificial intelligent techniques:

Artificial intelligent techniques are alternative methods to classical techniques to design and model
environmental systems. Artificial intelligence (Al) is the branch that studies science of making machines
intelligent or developing algorithms and software that can emulate human intelligence. Al enables machines
to learn, think, execute and solve problem like human being. Different intelligent techniques of AIT are
artificial neural networks, genetic algorithms (GA), particle swarm optimization (PSO) and fuzzy logic (FL)
[60].

Heuristic approach of solving problem uses algorithm to find optimal solution of a problem that may or may
not be correct. It uses trial and error method for determining a solution in a reasonable time. Heuristic
methods are simple, deterministic and easy to implement but it does not guarantee the best or correct solution.
Genetic Algorithm is a heuristic approach of solving optimization problem [61].

Metaheuristics are iterative methods to find an optimal or almost optimal solution by exploring the search
space in an efficient way to solve the optimization problem with certain supporting heuristics. Heuristics and
Metaheuristic methods are slightly different; meta heuristic methods are used for optimization problems with
few changes made in heuristics methods for a particular problem. Meta heuristics may combine one or more
heuristic methods, ranging from simple local search to complex learning process to solve highly complex non-
linear problems. Tabu Search, Simulated Annealing, Ant Colony Optimization, Particle Swarm Optimization
etc. are meta-heuristic methods of solving optimization problem [62].

a) Genetic Algorithms (GA):

Genetic algorithm is a optimization technique used to find solutions of complex optimization problems with
or without constrained parameters. It is a search based technique, inspired from principles of genetics and
natural selection such as inheritance, mutation, selection and recombination. GA was developed by John
Holland at University of Michigan. David E. Goldberg worked further on GA and popularized GA for various
optimization problems. It is a heuristic approach of global search. GA can be applied to any branch of
engineering and sciences to solve optimization problem. GA is suitable for complex problems where
traditional hill climbing methods fail [63].

The algorithm generates a pool or a population of

Select a set of individual as initial population
Fitness value is assigned to each individual

possible solution randomly. These set of individual act Generate offspring until termination criteria is met
as initial set of individual, undergoes recombination Choose the fittest individual for reproduction
and mutation and produces new generation. The Generate new individual by crossing and mutation

Calculate fitness of new individual
Figure 3: Steps involved in Genetic Algorithm [14]

process is iterative and repeated over generations. The
fitness value is assigned to each individual during
iteration, most fit individual get the chance to mate and produce fitter individual. Selection, crossover and
mutation are three important steps of algorithm [14]. Major steps involved in GA are shown in Fig.3

Mahsa Zarrini Farahmand et al. investigated hybrid PV-wind-diesel system taking into account battery
energy storage to minimize the total cost. To optimize the HRES, GA was used. The simulation results
presented two PV technologies and for acceptable LOLP index, diesel generator and battery system were
found necessary [64]. Paul Okunade et al. proposed a modified fuzzy logic design in the structure of GA. It
was a parallel computation methodology that was used to forecasting the day ahead scheduling of HRES
based distribution market. he simulation results of the fuzzy-based GA parallel calculation confirmed the
superior performance relative to similar methods used for total energy cost, voltage drop and convergence
velocity [65]. S. Rajanna et al. worked for optimal sizing of an integrated RES for electricity supply of a outside
area in Karnataka. GA was used to find minimum NPC and COE of IRES [66]. Alaaeldin M. Abdelshafy et al.
proposed modified GA, namely multi-objective genetic algorithm (MOGA) for optimizing a grid connected
HRES. Different configurations of HRES were designed and result shown PV/WT/battery/diesel hybrid
system was most feasible in terms of cost and emission as compared to other configurations [67]. Vivek Kumar
Soni et al. worked on designing a HRES for rural areas in Bhopal India. HOMER software was used for
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designing an optimal system and to Validate results obtained from HOMER, GA was used. Results of GA were
found satisfactory for multi-objective optimization problem [68]. K. J. Gurubel et al. presented the modeling,
neural prediction and optimal sizing for HRES in order to reduce the total cost and the use share of
conventional sources. Firstly, to predict load variations of the site, an extended Kalman filter, a high order
neural network was used. Later, Clonal selection and GA was for optimal sizing [69].

b) Particle Swarm Optimization (PSO):

Particle swarm optimization was invented by Dr. Eberhart and Dr. Kennedy in 1995. It a meta-heuristic
algorithm, inspired by the nature and swarm intelligence shown by bird flocking, fish schooling, etc. PSO is a
commonly used optimization algorithm as it has simple theory, easy to apply and find appropriate good
solution quickly. In PSO algorithm, a particle is the each possible solution of the problem. In this algorithm, a
cluster of particles or a swarm moves in a well-defined or limited search space to look for the best velocity and
overall position in the swarm. For each swarm particle, the position and velocity are calculated in each stage
iteratively to reach the global optimized value [70]. PSO algorithm for general optimization problem is shown

in Figure 4.
The position and velocity of the swarm is updated as [71]:
X%(+1 — X + Vk+1 (1)
Vik = WVik +Clr1Pbest1+C2r2gbesti (2)

where: cl, ¢2 - position constants

rl, 2 - random represent random numbers in the range of (0,1)

vE*T1 _ swarm velocity of ith particle at k+1% iteration

Phesti- particle best value
Zhesti ~global best value
w- learning rate

1. Generate a population randomly.
2. Assign a initial velocity to each particle in the population.
3. Calculate objective function for each particle.
4. Select Pre as initial position of each particle and Gpes is the best particle among the population.
5. Update new positions of particles using eqution (1) and (2).
6. Check the allowed range for particles, if it goes beyond, replace it with its previous position.
7. Calculate objective function for each particle.
8. Update Ppese and Gpes..
9. The algorithm is terminated if stopping criteria is met, and the optimal solution is Gpes. Otherwise
iteratethe steps 5 to 8.
Figure 4: General PSO Algorithm
Motaz Amer et al. designed a small HRES to fulfill load demand of a house. The PSO (Particle Swarm
Optimization Technique) optimization technique was used as optimal search algorithm and the MATLAB
software was used to construct the algorithm structure. Results proved high intensity and sensitivity of PSO
in solving optimization problem [72]. Vikas Khare et al. studied optimization of RES for the police control
room at Sagar, Central India. The results obtained from simulation and optimization in HOMER was further
compared with two algorithms, namely particle swarm optimization and chaotic particle swarm
optimization. Results of those two algorithms found the stand-alone hybrid solar-wind system to be feasible
solution for replacing conventional diesel generator [16]. Soumia Khenfous et al. used cuckoo search
algorithm and accelerated particle optimization algorithm for optimization problem and sizing of HRES. The
results of CS algorithm were compared with APSO [73].
c¢) Cuckoo Search Algorithm
Cuckoo search is also one of the meta-heuristic algorithms, inspired by nature and invented by Xin-She-Yang
and Suash Deb in 2009. This algorithm is derived from brood parasitism strategy of cuckoo birds for
reproduction. In this reproductive behaviour, cuckoo bird laid their eggs in the nest of other birds of the
same/different species. There are chances that the host birds identify the alien eggs and it may kill the eggs or
leave the nest. The cuckoo bird tries different tricks like mimic in colours and host species egg pattern, to
reduce chances of abandoning and increase the likelihood of having cuckoo offspring. The behaviour of
cuckoos is used with Levy flights in cuckoo search algorithm to find new nest. Levy flights are a random walk
pattern identified by their specific lengths of steps that follows a power-law distribution. Brood parasitism
adopted by cuckoo bird can be outlined as: the cuckoo bird lays egg and put down into the nest of other bird
randomly. Here, there are chances that the host bird identifies the egg dropped by cuckoo bird and it discard
it or build a new nest. Only the best nest with high-grade eggs will be brought to the next generation [74].
Steps involved in optimization of HRES using Cuckoo search algorithm is shown in Fig.5.
Sarangthem Sanajaoba et al. proposed cuckoo search algorithm for PV-Battery, wind-battery and Hybrid wind
PV system. The objective was to determine appropriate size of the HRES with minimum system cost for a site
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in Uttarakhand, India. Compared to GA and PSO, the performance of cuckoo search for solving designing of
HRES was found effective [74]. Mohamed A. Mohamed et al. used cuckoo search algorithm for optimization
of hybrid PV/wind/ diesel/battery energy system. The aim of the programme was to find an optimal size of
autonomous HRES that is technically and economically achievable. Compared to other techniques, the time
of convergence off cuckoo search was less and the results provided highly accurate the optimal size of the
system [76].
Step 1 Initialization
—  Collect site specific meteorological data (speed of wind and solar insolation)
—  Load curve of the site
—  Characteristics of components available
— Economic data
Step 2 Define Cuckoo algorithm parameters
—  Set the constraints Number of nest
Number of iterations (N)
Fraction of Abandoned eggs Fraction (Pa)
Fraction of High quality eggs (Pc)
— Develop a initial generation of n nest randomly and check the constraints.
— Calculate the solution for the objective function and come up with the best nest.
Step 3 Evaluate the smart cuckoos out of the fraction of the population (pc), update the best nest.
Step 4 Use Levy flight algorithm to perform the global search, compute new nests and refresh the best nest.
Step 5 The fraction of worse nests (pa) is replaced by new ones, compute the new nests and the best nest updated.
Step 6 Renew the optimum solution and expand the iteration number.
Step 7 If the number of iterations is greater than the maximum number specified, stop, otherwise proceed to step 3.

Figure 5: Cuckoo algorithm for HRES optimization was given by [75]
d) Tabu Search
Tabu search is a meta-heuristic method of optimization that has ability to escape the local optima by using
local search methods and was developed by Fred Glover in 1986. This method uses neighbourhood search of
any given solution to determine the optimal solution with intelligent mechanisms. Tabu search have an
adaptive forms of memory, intelligent mechanisms and responsive exploration which helps it to perforate
complexities that are often found in alternative methods. This method is an iterative technique that uses
greatest-descent algorithm to find a group of solutions by moving in search space iteratively. To reach the
goal, a list of prohibited moves extracted from the previous search. This list is called tabu moves. The tabu list
of restrictions and the aspiration criteria are two main components of tabu search. Tabu list is prepared by
recording the moves earlier made in the order in which they are made. The number of elements in the tabu list
is very important for the success of the algorithm. It may happen that a move is restricted but it satisfies the
aspiration criteria, in that case aspiration criteria can overrule tabu restrictions and reactivate that move [77-
78]. Fig.6 shows TS algorithm for optimization of HRES.
Akbar Maleki et al. analysed various artificial intelligence techniques to determine appropriate size of
PV/wind/FC HRES. The sizing problem was solved using particle swarm optimization (PSO), tabu search
(TS), simulated annealing (SA), and harmony search (HS), and the results obtained in all four cases were
compared in terms of the total cost [77]. Yiannis A. Katsigiannis et al. proposed a hybrid Simulated Annealing-
Tabu Search method to minimize the cost of energy of various combinations of wind/PV/diesel/biodiesel/FC
HRES in Chania, Greece. A large number of possible combinations were evaluated in terms of performance
and sensitivity and the result proved the proposed hybrid SA-TS method provided better quality and
convergence [78].

Step 1 Define the size of tabu list
Step 2 Generate a random solution and calculate its COE.
Step 3 Assign the current solution equals to global best solution.
Step 4 Find a list of possible solutions around the current solution and arrange them in increasing order of COE.
Step 5 Check the first trial solution, if it belong to tabu list:
IF
The solution belongs to tabu list but aspiration criteria is not met, then select next solution from trial list
Otherwise
The solution is accepted and updated to the tabu list by moving the current solution to the past move.
Step 6 check for the aspiration criteria: An aspiration criterion is fulfilled if the move gives a superior solution than the finest
obtained yet.
Step 7 Refresh the global best solution that has a lowest COE value.
Step 8 Stopping criteria: the search is ended if iteration number reaches the limit of iterations. Otherwise repeat step 4 to 7
Figure 6: TS algorithm for optimization of HRES

e) Ant Colony Optimization
The ant colony algorithm is also a nature-inspired algorithm which is based on ant behaviour. Ant uses a
chemical substance called pheromone, to find the shortest routes from nest to food sources [79]. Weigiang
Dong et al. used an ant colony optimization algorithm for an autonomous hybrid PV/wind/battery/hydrogen

system with the aim of obtaining the lowest annual system cost and maximum reliability. The results
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demonstrated the advantage of the HS/BS system in obtaining a reliable system (LPSP) and optimal system
size [80]. Wang Deshun et al. achieved optimal multi-objective planning of an energy storage system using an
enhanced ant colony algorithm based on a stratified sequencing method. The results confirmed that the
algorithm was efficient and feasible for optimal planning and configuration of the energy storage system [81].
f) Simulated Annealing

Simulated Annealing was discovered by Scott Kirkpatrick. Gelatt and Vecchi in 1983, later by Vlado Cerny in
1985. SA is a meta-heuristic approach used for optimization problem. This method is commonly used for the
problem having a discrete search space since it may find a estimation of the global optima for a given problem
in a wide spread search space. The process of annealing, used in metallurgy is the main inspiration of SA.
Annealing is a process that heats and cools a metal in a controlled manner to maximize crystal size and reduce
defects. The process of optimization using SA is similar to annealing (Slow cooling of metals), which provide
crystalline structure of the metal. Therefore, cooling criteria are essential in order to achieve a good solution
using SA. The search starts from a large temperature and moves downhill using steepest descent method, and
terminates the search at a low temperature by gradually decreasing temperature in each iteration.[82]

C. Nayanatara proposed a hybrid simulated annealing method for optimizing the location and size of
distributed generation (DG) devices. to improve system stability, reduce losses and cost of energy generation.
The outcome was compared with other optimisation methods such as Genetic Algorithm(GA), Fuzzy
Simulated Annealing (FSA) and Micro Genetic Algorithm(MGA). The proposed method was found
appropriate and beneficial for solving optimization problem of DG devices [88]. Sutthibun and Bhasaputra
used SA to solve multi-objective problem of sizing and optimal allocation of DGs. The results were found to
provide better result in less computing time compare to GA and TS [83].

g) Neural Network

ANN are made up of simple processing units called neurons, based on the structure and functions of biological
neural networks. These neurons are highly interconnected to solve specific problem. Neural networks are
non-linear, self-learning, fault tolerant and robust that can perform parallel processing. ANN maps the
relationship between input and output data with the help of data given during training. ANN techniques are
easy to implement for real world problems as it does not need system model for calculations. It has powerful
pattern recognition quality that makes it flexible and attractive for optimization problems. ANN needs
enough data and training for solving any problem. Several authors have presented an in-depth understanding
of suitability of various ANN algorithms for solving optimization problems of hybrid renewable energy
sources [84].

S.Rameshwar used artificial neutral network (ANN) control the real and reactive power, power factor and
total harmonic distortion of renewable hybrid systems at the common coupling point and network. The
current from the point of coupling is compared with the reference signal and output power fed into the
network is modified to maintain the real power. Results proved that proposed system make use of artificial
neural network (ANN) to provide intelligent control by automatically varying the power produced according
to the demand [85]. Vikram Puri et al. offered a system based on the Internet of Things (IoT) to generate
electric power from multiple sensors for household appliances and industrial areas. Artificial Neural Network
(ANN) and Adaptive Network based Fuzzy Inference System (ANFIS) was used for evaluation. The outcome
of the system showed better performance by ANN than ANFIS [86]. N. Chettibi et al. developed a novel ANN-
based system for controlling the hybrid micro-grid. In the proposed methodology, Adaptive neuron networks
were used to monitor the maximum power point of renewable energy generators and an energy management
system with fuzzy logic was used to lower the energy purchased from the power grid. The findings
demonstrated the efficacy and self-adaptability of the proposed control system [87]. K. J. Gurubel et al. used
an expanded Kalman filter to forecast load demand, whereas the clonal selection algorithm and genetic
algorithm were used for modelling, neural prediction and optimal sizing of hybrid energy systems. The
effectiveness of using neural prediction data was demonstrated by a simulation, with the results
demonstrating the efficiency of the two optimization algorithms for the computation of an optimal hybrid
system sizing [69]. Md Mijanur Rahman et al. reviewed different machine learning methods for HRES. This
research studied different models of ANN to predict the accurate value of power generated by renewable
sources. A variety of neural network architectures, including multi-layer perceptron, recurrent neural
network, convolution neural network, and long-term memory models, were used to predict power generation
by renewable energy. These models have proven to be an effective predictor of short-term time series [88].

h) Fuzzy Logic

Fuzzy logic is a method of reasoning just like human reasoning. It is used for complex and non-linear systems
that have incomplete, ambiguous, distorted or inaccurate input. FL approach makes decision emulating
human behaviour that involves all possibilities between YES or NO and TRUE or FALSE. Therefore FL have
multiple logical states between zero and one. Fuzzy logic controller has three processing stages: fuzzification,
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fuzzy inference stage, and defuzzification. Fuzzification is the process of changing the net value input into
fuzzy values using different membership functions. Next stage of processing is fuzzy inference system where
fuzzy rule base are generated depending upon the problem. The result obtained from a fuzzy inference system
consists of fuzzy variables that are again changed into net values by the defuzzification process. The fuzzy
logic controller calculates the error and the error change between the reference inputs and the real outputs
[89-90].
Mohammed J. Wadi Yildiz et al. used HOMER software to find optimal design of a distributed generation
system, and evaluate financial and technical feasibility if the grid-connected and stand-alone system. To
choose optimal value of power source according to various load demand, available power sources, and distance
between the power sources and the load, fuzzy based approach was used in this study. The results obtained
with these two techniques provided an optimal system with low cost, higher efficiency and long life-time of
the system [91]. Imene Yahyaoui et al. proposed the fuzzy algorithm for energy management of a HRES
installed in rural area. The fuzzy logic controller provided control decision for switching of installed
components according to non-controllable power demands. The total cost of the system was optimized using
GA. The results showed effectiveness of the fuzzy logic controller in energy management, providing system
autonomy, ensured continuous load supply and safe functioning of battery bank [92]. Sujata Huddar et al.
proposed fuzzy logic method for optimal location and sizing of distributed generation. The method includes
a fuzzy inference system (FIS) that helps in deciding the DG placement. The results obtained have proper
location and size of DG that improved system reliability and stability, also the proposed method was verified
on IEEE33 bus system data [93]. M. Mosbah et al. proposed a hybrid technology using NSGA-II and a fuzzy
logic controller for multi-target optimization of DG location and size. The Pareto-optimal front was figured
by using NSGA-II technique and fuzzy controller was used to find finest solution. The objective functions of
the proposed study were to minimize active power losses and optimize the voltage stability index. The
proposed methodology was tested on distribution networks of different sizes (10 bus, 33 bus, 85 bus) and
validated on the Algerian distribution network (116 bus) [94]. Guoqging Weng et al. summarized different
artificial intelligent techniques like, genetic algorithm and fuzzy logic for distributed generation system.
Methodology of Al techniques to solve problems were discussed along with the drawbacks and result
concluded that hybrid Al techniques have better problem solving capability and may overcome drawbacks of
single AT technique [95].
5. CONCLUSIONS
There is existential threat to human race if pollution keeps on increasing with the same rate as today. World
has witnessed drastic climatic changes due to pollution and greenhouse gases. Fossil fuels are also at the verge
of its extinction, which causes high prices of coal and oil. All the developed and developing countries are
looking for carbon free, green energy sources for fulfilment of energy demand. Hybrid renewable energy
systems are more preferred choice of the researchers and scientists as compared to single renewable energy
source. HRES can be used for rural/remote electrification, charging station for electric vehicles and for other
energy demands reliably. To use HRES, it should be properly designed with optimal size and cost for better
utilization of renewable sources. Researchers and scientists around the globe have been working and worked
for multi-objective optimization of HRES that yields economic, reliable and secure system. This study
includes review of different software tools and techniques used by the researchers for this optimization
problem. Some authors used traditional methods like linear-programming, graphical construction and
probabilistic methods for optimal designing of HRES considering the linear problem. Some authors suggested
heuristic and meta-heuristic methods for non-linear optimization problem. The various optimization
software has also been developed and used by numerous researchers. There is continuous on-going research
in this field. Some authors used artificial intelligent techniques, fuzzy logic controllers and hybrid models for
simulation and optimization of HRES. This study provides a concise and good idea of the tools and techniques
used for optimizing the HRES. The review will be useful to researchers in order to address the complexity and
challenges of research on hybrid systems based on renewable energy. This article included the most pertinent
literature on the design, simulation, control and optimisation of hybrid systems.
References
[1] IE Agency, Key World Energy Statistics, 2020. [Online] Available:
http://www.iea.org/publications/freepublications/publication/Keyworld Statistics_2020.
[2] Indian Renewable Energy Development Agency (IREDA). [Online| Available: http: /Iwww.ireda.in/
[3] Ministry of Power, Government of India. [Online| Available: htt //powerrnm nic.in/
|4] Saiprasad N., Kalam A., and Zayegh A, “Zero-emission renewab?e energy system model for a community in India,”
Asia-Pacific Power Energy Eng. Conf. APPEEC, vol. 2017-Novem, pp. 1-6, 2018
[5] S. Saib, A. Gherbi, R. Bayindir, and A. Kaabeche, “Multi- -objective Optimization of a Hybrid Renewable Energy
System with a Gas Micro-turbine and a Storage Battery,” Arab. J. Sci. Eng., vol. 45, no. 3, pp. 1553-1566, 2020

[6] S.M. Dawoud, X. Lin, and M. I. Okba, “Hybrid renewable microgrid optimization techniques: A review,” Renew.
Sustain. Energy Rev., vol. 82, pp. 2039-2052, Feb. 2018

94| Fascicule4




Tome XIX [2021] | Fascicule 4 [November]|

[7] M. K. Deshmukh and S. S. Deshmukh, “Modeling of hybrid renewable energy systems,” Renew. Sustain. Energy
Rev., vol. 12, no. 1, pp. 235-249, 2008
[8] K. Rout and J. K. Sahu, “Various Optimization Techniques of Hybrid Renewable Energy Systems for Power
Generation : A Review,” Int. Res. J. Eng. Technol., vol. 5, no. July, pp. 1173-1176, 2018.
[9] K.S.Sambaiah, “A review on optimal allocation and sizing techniques for DG in distribution systems,” Int. J. Renew.
Energy Res., vol. 8, no. 3, pp. 1236-1256, 2018.
[10] T. Tezer, R. Yaman, and G. Yaman, “Evaluation of approaches used for optimization of stand-alone hybrid
renewable energy systems,” Renew. Sustain. Energy Rev., vol. 73, no. January, pp. 840-853, Jun. 2017
[11] Y. Sawle, S. C. Gupta, and A. K. Bohre, “Review 0% hybrid renewable energy systems with comparative analysis of
off/grld hybrld system,” Renewable and Sustainable Energy Reviews, vol. 81. Elsevier Ltd, pp. 2217-2235, 0l-Jan-
2018
[12] S. Sinha and S. S. Chandel, “Review of software tools for hybrid renewable energy systems,” Renewable and
Sustainable Energy Reviews, vol. 32. pp. 192-205, Apr-2014
[13] A. Singh, P. Baredar, and B. Gupta, “Computational Simulation &amp; Optimization of a Solar, Fuel Cell and
Biomass Hybrid Energy System Using HOMER Pro Software,” Procedia Eng., vol. 127, pp. 743-750, 2015
[14] B. Jyoti Saharia, H. Brahma, and N. Sarmah, “A review of algorithms for control and optimization for energy
management of hybrid renewable energy systems,” J. Renew. Sustain. Energy, vol. 10, no. 5, 2018
[15] R.Siddaiah and R. P. Saini, “A review on planning, configurations, modeling and optimization techniques of hybrid
renewable energy systems for off grid applications,” Renewable and Sustainable Energy Reviews, vol. 58. 2016
[16] V. Khare, S. Nema, and P. Baredar, “Optimisation of the hybrid renewable energy system by HOMER, PSO and
CPSO for the study area,” Int. J. Sustain. Energy, vol. 36, no. 4, 2017
[17] R. Singh, R. C. Bansal, A. R. Singh, and R. Naidoo, “Multi-Objective Optimization of Hybrid Renewable Energy
System Using Reformed Electric System Cascade Analysis for Islanding and Grid Connected Modes of Operation,”
[EEE Access, vol. 6, no. August, pp. 47332-47354, 2018
] A. Tazarine and H. El Omari, “Designing of a photovoltaic system for self-consumption at the faculty of technical
sciences of Settat,” Proc. 2016 Int. Renew. Sustain. Energy Conf. IRSEC 2016, pp. 171-176, 2017
| Adrian Ilie and Ton Visa “Hybrid Solar—Biomass System Design for Communities with Collective Houses” 1.

1

18

|

[19
Zelinka, Computing & Optimization.

[20] S. Twaha zmd?3 M. A. M. Ramli, “A review of optimization approaches for hybrid distributed energy generation
systems: Off-grid and grid-connected systems,” Sustain. Cities Soc., vol. 41, pp. 320-331, Aug. 2018

[21] Markvart T, Fragaki A, Ross ]J. PV system sizing using observed time series of solar radiation. Sol Energy
2006;80:46-50.

[22] Bin A, Hongxing Y, Hui S, Xianbo L. Computer aided design for PV/wind hybridsystem. Photovoltaic Energy
Conversion. In: Proceedings of 3rd World Conferenceon: IEEE; 2003. p. 2411-4

[23] F. Z. Kadda, S. Zouggar, and M. L. Elhafyani, “Optimal sizing of an autonomous hybrid system,” in 2013
International Renewa%%e and Sustainable Energy Con}f)erence (IRSEC), 2013, pp. 269-274

[24] Z.Benhachani, B. Azoui, R. Abdessemed, and M. Chabane, “Optimal sizing of a solar-wind hybrid system supplying
a farm in a semi-arid region of Algeria,” Proc. Univ. Power Eng. Conf., pp. 1-6, 2012

[25] U. Akram, M. Khalid, and S. Shafiq, “Optimal sizing of a wind/solar/battery hybrid grid-connected microgrid

system,” IET Renew. Power Gener., vol. 12, no. 1, pp. 72-80, 2018

[26] S.H. Alalwan and J. W. Kimball, “Optimal sizing of a wind/solar/battery hybrid microgrid system using the forever
power method,” IEEE Green Technol. Conf., vol. 2015-July, pp. 29-35, 2015

27] Available from:http://www.ceere.org/rerl/projects/software/hybrid2 [accessed 04.03.20].

8] Manwelln J F, Rogers A, Hayman G,. Avelar C T, Mcgowan ] G, Abdulwahid U, Hybrid2 - A hybrid system
simulation model, theory manual. Renewable Energy Research Laboratory, Department Of Mechanical
Engineering, University Of Massachusetts Report. SubcontractNo.X1-1-11126-1-1; June 30, 2006.

[29] Available from: http://www.retscreen.net/ang/home.php) [accessed 04.03.2020].

[30] T. Nacer, O. Nadjemi, and A. Hamidat, “Optimal sizing method for grid connected renewable energy system under
Algerian chmate in IREC2015 The Sixth International Renewable Energy Congress, 2015, pp. 1-5

[31] A.P.Kumar, “Analysis of Hybrid Systems: Software tools,” Proceeding IEEE - 2nd Int. Cont. Adv. Electr. Electron.
Information, Commun. Bio-Informatics, IEEE - AEEICB 2016, pp. 327-330, 2016

[32] Available from https://www.pvsyst.com/download-pvsyst

33] R. Singh and R. C. Bansal, “Optimization of an Autonomous Hybrid Renewable Energy System Using Reformed
Electric System Cascade Analysis,” IEEE Trans. Ind. Informatics, vol. 15, no. 1, pp. 399-409, 2019

[34] HOGA (Hybrid Optimization by Genetic Algorithms). Available from: http:// www.unizar.es/rdufo/hoga-eng htm.

35] J. A. Dominguez-Navarro, R. Dufo-Lopez, J. M. Yusta-Loyo, J. S. Artal-Sevil, and J. L. Bernal-Agustin, “Design of an
electric vehicle fast-charging station with integration of renewable energy and storage systems,” Int. J. Electr. Power
Energy Syst., vol. 105, no. August 2018, pp. 46-58, 2019

[36] TRNSYS. Available from: http://sel. me.wisc.edu/trnsys/.

[37] iGRHYSO  (improved = Grid-connected Renewable Hybrid Systems Optimization) Available from:
http://www.unizar.es/rdufo/grhyso.htm [accessed 04.03.2020].
Available from: http://power larc.nasa.gov/ [accessed 04.03.2020]

39 HOMER  (The Hybrid Optimization Model for = Electric ~ Renewables).  Available  from:
http://www.nrel/gov/HOMER.

[40] N. M. Swarnkar and L. Gidwani, “Analysis of hybrid energy system for supply residential electrical load by HOMER
and RETScreen: A case in Rajasthan, India,” in 2016 International Conference on Recent Advances and Innovations
in Engineering (ICRAIE), 2016, p

[41] E. Tarigan, “Simulation and feas1EJl1ty studies of rooftop PV system for university campus buildings in Surabaya,
Indonesia,” Int. J. Renew. Energy Res., vol. 8, no. 2, 2018.

[42] K. Sayed, A. M. Kassem, E. EI-Zohri, and A. M. Abdel-Hamed, “Sizing of hybrid PV/battery power system in Sohag
city,”J. Electr. Eng., vol. 16, no. 3, 2016.

95| Fascicule4




ANNALS of Faculty Engineering Hunedoara — INTERNATIONAL]OURNAE OF ENGIN
Tome XIX [2021] | Fascicule 4 [November] :

[43] A. Kaddour, S. M. El Amine Bekkouche, S. Bezari, and B. Benyoucef, “Optimization and evaluation of the
photovoltaic system in a farm studio located in Ghardaia,” Proc. 2018 6th Int. Renew. Sustain. Energy Conf. IRSEC
2018, pp. 5-8, 2019

[44] N. Winanti and A. Purwadi, “Study and Design of Distributed Hybrid PV-Generator-Battery System for Communal
and Administrative Loadat Sei Bening Village, Sajingan Besar, Indonesia,” Proc. - 2018 2nd Int. Conf. Green Energy
Appl. ICGEA 2018, pp. 129133, 2018

[45] V. Tank, J. Bhutka, and T. Harinarayana, (2016) Wind Energy Generation and Assessment of Resources in India.
Journal ot Power and Energy Engi- neering, 4, 25-38

[46] M. N.Mohammed, M. A. Alghoul, Kh Abulgasem, A. Mustafa, Kh Glaisa, P. Ooshaksaraei, M. Yahya, A.Zaharim,
K. Sopian, “TRNSYS Simulation of Solar Water Heating System in Irag,”Recent Researches in Geography, Geology,
Energy, Environment and Biomedicine - Proc. of the 4th WSEAS Int. Conf. on EMESEG'1], 2nd Int. Conf. on
WORLD-GEOQ'1, 5th Int. Conf. on EDEB'1L.

[47] T. Lambert, P. Gilman, and P. Lilienthal, “Micropower System Modeling with Homer,” Integr. Altern. Sources
Energy, pp. 379-418, 2006

[48] R.Rawat and S. S. Chandel, “Simulation and optimization of solar photovoltaic-wind stand alone hybrid system in
hilly terrain of India,” Int. J. Renew. Energy Res., vol. 3, no. 3, pp. 595-604, 2013

[49] M. A. Salam, A. Aziz, A. H. A. Alwaeli, and H. A. Kazem, “Optimal sizing of photovoltaic systems using HOMER
for Sohar, Oman,” Int. J. Renew. Energy Res., vol. 3, no. 3, pp. 470-475, 2013

[50] F. Alkarrami, T. Igbal, and K. Pope, “Optimal sizing of a stand-alone hybrid energy system for water pumping in
Sirte, Libya,” 2016 IEEE Electr. Power Energy Conf. EPEC 2016, pp. 1-5, 2016

[51] F. Ahmac?, and M. S. Alam, “Optimal Sizing and Analysis of Solar PV, Wind, and Energy Storage Hybrid System for
Campus Microgrid,” Smart Sci., vol. 6, no. 2, pp. 150-157, Apr. 2018

[52] A. Singh and P. Baredar, “Power sharing and cost optimization of hybrid renewable energy system for academic
research building,” J. Electr. Eng. Technol., vol. 12, no. 4, pp. 1511-1518, 2017

[53] D. Restrepo, B. Restrepo-Cuestas, and A. Trejos, “Microgrid analysis using HOMER: A case study,” DYNA, vol. 85,
no. 207, pp. 129-134, Oct. 2018

[54] M. Nurunnabi and N. K. Roy, “Grid connected hybrid power system design using HOMER,” Proc. 2015 3rd Int.
Conf. Adv. Electr. Eng. ICAEE 2015, pp. 18-21, 2016

[55] J. Divya Navamani, A. Lavanya, C. M. Prahadheeshwar, and S. Mohammed Riyazudeen, “Hybrid power system
design using homer pro,” Int. J. Recent Technol. Eng,, vol. 8, no. 1 Special Issue4, pp. 605-609, 2019.

[56] A. H. A. Dehwah and M. Krarti, “Optimal Hybrid Power Energy Systems for Residential Communities in Saudi
Arabia,” J. Sol. Energy Eng., vol. 141, no. 6, pp. 1-10, Dec. 2019

[57] P.Jenkins, M. Elmnifi, A. Younis, and A. Emhamed, “Hybrid Power Generation by Using Solar and Wind Energy:
Case Study,” World J. Mech., vol. 09, no. 04, pp- 81-93, 2019

[58] V. Suresh, M. Muralidhar, and R. Kiranmayi, “Modelling and optimization of an off-grid hybrid renewable energy
system for electrification in a rural areas,” Energy Reports, vol. 6, pp. 594-604, 2020

[59] Y. Charabi and S. Abdul-Wahab, “Wind turbine performance analys1s for energy cost minimization,” Renewables
Wind. Water, Sol., vol. 7, no. 1, 2020

[60] V. L. Merlin, R. C. dos Santos, A. P. Grilo Pavani, D. V. Coury, M. Oleskovicz, and J. C. de Melo Vieira, “Artificial
Neural Network Based Approach for Anti-islanding Protection of Distributed Generators,” J. Control. Autom.
Electr. Syst., vol. 25, no. 3, pp. 339-348, ]un 2014

[61] S. M. H. Baygi, A. Elahi, and A. Karsaz, “A novel framework for optimal sizing of hybrid stand-alone renewable
energy system: A gray Wolf optimizer,” 3rd Conf. Swarm Intell. Evol. Comput. CSIEC 2018, pp. 1-7, 2018

[62] S H. Baygi, A. Elahi, and A. Karsaz, “A novel framework for optimal sizing of hybrid stand-alone renewable
energy system: A gray Wolf optimizer,” 3rd Conf. Swarm Intell. Evol. Comput. CSIEC 2018, pp. 1-7, 2018

[63] S H. Baygi, A. Elahi, and A. Karsaz, “A novel framework for optimal sizing of hybrid ‘stand-alone renewable
energy system: A gray Wolf optimizer,” 3rd Conf. Swarm Intell. Evol. Comput. CSIEC 2018, pp. 1-7, 2018

[64] M. Z. Farahmand, M. E. Nazari, and S. Shamlou, “Optimal sizing of an autonomous h Erld PV-wind system
considering battery and diesel generator,” 2017 25th Iran. Conf. Electr. Eng. ICEE 2017, no. 8 pp- 1048-1053, 2017

[65] P. Okunade, M. Ansari, A. Asrari, and J. Khazaei, “Application of Optimization for Daily Schecﬁlhng of Renewable
Distributed Generations Con51der1ng Market Profits in Distribution Networks,” 2018 North Am. Power Symp.
NAPS 2018, pp. 1-6, 2019

[66] S.Rajanna and R. P. Saini, “Development of optimal integrated renewable energy model with battery storage for a
remote Indian area,” Energy, vol. 111, pp. 803-817, Sep. 2016

[67] A. M. Abdelshaty, H. Hassan, A. M. Mohamed G. El-Saady, and S. Ookawara, “Optimal grid connected hybrid
energy system for Egyptian residential area; Proeeedmg - ICSEEA 2017 Int. Co l? Sustain. Energy Eng. Appl.
&quot; Continuous Improv. Sustain. Energy Eco/Mobﬂity&quot;, vol. 2018-Janua, no. October, pp. 52-60, 2017

[68] V.K. Soniand R. Khare, “Optimal sizing of HRES for small sized institute using HOMER,” Proc. 2014 IEEE 2nd Int.
Conf. Electr. Energy Syst. ICEES 2014, pp. 77-81, 2014

[69] K. J. Gurubel, V. Osuna-Enciso, J. J. Cardenas, A. Coronado-Mendoza, M. A. Perez-Cisneros, and E. N. Sanchez,
“Neural forecasting and optimal sizing for hybrid renewable energy systems with grid-connected storage system,”
J. Renew. Sustain. Energy, vol. 8, no. 4, 2016

[70] C.Mokhtara, B. Negrou, N. Settou, B. Settou, and M. M. Samy, “Design optimization of off-grid Hybrid Renewable
Energy Systems considering the effects of building energy performance and climate change: Case study of Algeria,”
Energy, vol. 219, p. 119605, 2021

[71] S. Golestani and M. Tadayon, “Distributed generation dispatch optimization by artificial neural network trained
by particle swarm optimization algorithm,” 2011 8th Int. Conf. Eur. Energy Mark. EEM 11, no. May, pp. 543-548,
2011

[72] M. Amer, A. Namaane, and N. K. M'Sirdi, “Optimization of Hybrid Renewable Energy Systems (HRES) Using PSO
for Cost Reduction,” Energy Procedia, vol. 42, pp. 318-327, 2013

[73] S. Khenfous, A. Kaabeche, Y. Bakelli, and K. M. Sha, “Optimal size of renewable hybrid system applying nature-
inspired algorithms,” 2018 Int. Conf. Wind Energy Appl. Alger. [CWEAA 2018, no. 1, pp. 1-6, 2019

96| Fascicule4




Sgof F'lculty Engmeerlng Hunedoara— INTERNATIONAL JOURNAL OF ENGINEERING
; Tome XIX [2021] | Fascicule 4 [November]|

[74] S. Sanajaoba and E. Fernandez “Malden apphcanon of Cuckoo Search algorithm for optimal sizing of a remote
hybrid renewable energy System,” Renew. Energy, vol. 96, pp. 1-10, 2016

[75] O. Nadjemi, T. Nacer, A. Hamidat, and H. Salhi, Optlma¥1§1ybrid PV/wind energy system sizing: Application of
cuckoo search algorithm for Algerian dairy farms,” Renew. Sustain. Energy Rev., vol. 70, no. November, pp. 1352-
1365, 2017

[76] M. A. Mohamed, A. M. Eltamaly, A. I. Alolah, and A. Y. Hatata, “A novel framework-based cuckoo search algorithm
for sizing and optimization of grid-independent hybrid renewable energy systems,” Int. J. Green Energy, vol. 16, no.
1, pp. 86-100, 2019

[77] A.Malekiand A. Askarzadeh, “Comparative study of artificial intelligence techniques for sizing of a hydrogen-based
stand-alone photovoltaic/wind hybrid system,” Int. J. Hydrogen Energy, vol. 39, no. 19, pp. 9973-9984, Jun. 2014

[78] Y. A. Katsigiannis, P. S. Georgilakis, and E. S. Karapidakis, “Hybrid simulated annealing-tabu search method for
optimal sizing of autonomous power systems with renewables,” I[EEE Trans. Sustain. Energy, vol. 3, no. 3, pp. 330~
338, 2012

[79] P. Prakash and D. K. Khatod, “Optimal sizing and siting techniques for distributed generation in distribution
systems: A review,” Renew. Sustain. Energy Rev., vol. 57, pp. 111-130, 2016

[80] Dong W, Li Y, Xiang J. Optimal sizing of a stand-alone hybrid power system based on battery/hydrogen with an
1rnproved ant colony optimization. Energies 2016;9

[81] Deshun Wang, Yumeng Zhao, Qiong Tao, Jelei Yi, Research on Planning and Configuration of Multi-objective
Energy Storage System Solved by Improved Ant Colony Algorithm

[82] C. Nayanatara, J. Baskaran, and S. Kamalsakthi, “Fuzzy-sa approach for optimization of Distributed Generation
parameters in a power system network,” 2016 Int. Conf. Comput. Power, Energy, Inf. Commun. ICCPEIC 2016, pp.
804-809, 2016

[83] T. Sutthibun and P. Bhasaputra, “Multi-Objective Optimal Distributed Generation Placement Using Simulated
Annealing”, TEEE International conference, ECTI-CON, publication year, pp:810-813, 2010.

[84] J.-H. Menke, N. Bornhorst, M. Braun, “Distribution system monitoring for smart power grids with distributed
generation using artificial neural networks Jan-Hendrik”, Electrical Power and Energy Systems 113 (2019) 472-480
Contents. https://doi.org/10.1016/j.ijepes.2019.05.057 Received 4 July 2018; Receive§ in revised form 5 April 2019;
Accepted 24 May 2019.

[85] S.Rameshwar, “Automatic Control of Hybrid Renewable Energy System Using Artificial Neural Network,” vol. 5,
no. 7, pp. 167-172, 2018,

[86] V. Purietal, “A hybrld artificial intelligence and internet of things model for generation of renewable resource of
energy, " [EEE Access, vol. 7, pp. 111181-111191, 2019

[87] N. Chettibi, A. Mellit, G. Su ligoi, and A. Massi Pavan, “Adaptive Neural Network-Based Control of a Hybrid
AC/DC Mlcrognd " I[EEE Trans. Smart Grid, vol. 9, no. 3, Pp- 16671679, 2018

[88] M. Rahman, M. Shakeri, S. K. Tiong, F. Khatun, and N. Amin, “sustainability Prospective Methodologies in Hybrid
Renewable Energy Systems for Energy Prediction Using Artificial Neural Networks,” no. February, 2021

[89] F. Tidjani, A. Hamadi,A. Chandra, P. Pillay, A. Ndtoungou, “Optimization of Standalone Microgrid Considering
Active Damping Technique and Smart Power Management using Fuzzy Logic Supervisor”, 2017, vol.8, no. 475-484,
[EEE Transactions on Smart Grid.

[90] Saravanan K. “Fuzzy controller design of lighting control system by using VI package”, International Journal of
Artificial Intelligence (IJ-AI) 2012; 5: 73-78, 2012.]

[91] M. J. Wadi an§ M. Tanrioven, “Optimization of distributed generation using homer software optimization of
distributed generation using homer software and fuzzy loglc control,” no. May 2017, 2015.

[92] L Yahyaoui, A. Yahyaoui, M. Chaabene, and F. Tadeo, “Energy management for a stand-alone photovoltaic-wind
system suitable for rural electrification,” Sustain. Cities Soc., vol. 25, pp. 90-101, 2016

[93] Sujata Huddar, “Optimal Location and Slzlng of DG using Fuzzy loglc " [jmer, vol. 4, no. 6, pp- 59-64, 2014.

[94] M. Mosbah, S. Arlfp and R. D. Mohammedi, “Multi-objective optimization for optlmal multi DG placement and sizes
in distribution network based on NSGA-II and fuzzy logic combination,” 2017 5th Int. Conf. Electr. Eng. -
Boumerdes, ICEE-B 2017, vol. 2017-Janua, pp. 1-6, 2017

[95] G. Weng, Y. Zhang, and Y. Hu, “Application of artificial intelligence technique in distributed generation system,”

Lect. Notes Comput. Sci. (including Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), vol. 5552 LNCS,

no. PART 2, pp. 165-171, 2009

| Faculty u
] I‘i gineering [ ]
u unedoara u

3 Ii “j.i,‘:.r.'.'!‘ﬂ.j il

EEE EEEN
EEC Ol
.I'.Tr HATRONAL JOURNAL of INGIRLLRIKG [

ISSN 1584 - 2665 (prlnted Versmn) ISSN 2601 - 2332 (online); ISSN-L 1584 - 2665
copyright © University POLITEHNICA Timisoara, Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http://annals.fih.upt.ro

97| Fascicule4




