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ABSTRACT 
 

Every country nowadays obtains its energy from a variety of 
sources. Fossil fuel makes up the majority of commercial 
sources (oil, coal and natural gas). The rate at which the 
world consumes energy is increasing. On the other hand, our 
globe is being harmed by massive carbon emissions, which 
is causing the greenhouse effect, thus researchers are 
focusing more on renewable energy sources. Hybrid 
conventional energy is gaining a lot of traction these days, 
despite a few drawbacks such as resource inconsistency and 
unavailability. The main goal of this research is to look at 
how to model a PV wind hybrid system and how to optimize 
it under various scenarios by considering different methods. 
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I. INTRODUCTION  
 

Currently, fossil fuels (coal, oil, petroleum, natural gas) is 
gratifying the beyond energy demand. With the excess 
utilization of non-renewable energy sources resulted in the 
global warming led to research & development of other 
renewable sources. In order to overcome the above situation 
renewable energy such as solar and Wind plays a significant 
role. Hybrid system consist a blend of all different kinds of 
conventional energy source such as wind, nuclear, natural 
gas, solar, biomass etc. for charging batteries and to provide 
power that meets the energy demand, depending on the 
geographical conditions also. This paper presents the 
comparative analysis of different optimization techniques 
used to harnesses the energies from Sun and Wind to 
generate and supply electricity for domestic, commercial 
and various industrial applications also. 
 

II. LITERATURE SURVEY 
 
The performance characteristics of wind and photovoltaic 
sources are dependent on unfavorable changes in external 
circumstances, the hybrid power system enables them to 
overcome the constraints. Solar Wind hybrid power system 
includes PV array, MPPT boost converters, and wind turbine, 
Permanent Magnet Synchronous Generator, rectifier, and 
MPPT boost converter (SWHPS). A feasibility analysis of a 
hybrid wind solar system reveals that this sort of Hybrid 
Renewable Source of Energy System (HRES) is best suited to 
Distributed Generation (DG) for better load capacity. 

Ahmed SAIDI [1]: The hybrid power system 
combines a PV array with MPPT boost converters and a wind 
power system with a wind turbine along with PMSG & 
rectifier also. The MPPT boost converter's control technique 

has a significant impact on the SWHPS' efficiency and 
dependability. Without adequate control logic in the hybrid 
power system listed above maximum power point (MPP) 
cannot be obtained. Suppose if maximum point is not tracked 
that end up with huge loss in the system and despite the 
availability of wind and solar electricity, the hybrid system's 
output voltage will not increase to the appropriate level. 
Hence, this output voltage is brought to desired value using 
Boost converter with maximum tracking controller at every 
sources. 

Md. Mehedi Hasan, Nusrat Chowdhury, 
Chowdhury Akram Hossain [2]: The authors have given 
their opinions on solar PV-wind hybrid system optimization. 
HOMER was used to determine the optimum optimised 
sizing of the wind turbine and PV array, as well as to design 
a final system with a low energy cost (COE). This 
technology also cuts CO2 emissions by about 90%. The 
author also covers the obstacles and potential solutions for 
grid-connected and stand-alone hybrid systems. Due to 
resource uncertainty, solar photovoltaic & wind alone will 
not meet the whole demand. The hybrid system, on the other 
hand, may be proven to be an optimal answer for total 
demand, reliability and cost-effective to operate. Also author 
focus on the MAJOR CHALLENGES AND SOLUTIONS 
in the Hybrid systems. 

Aashir Waleed1, Muhammad Rameez Javed [3], To 
improve the efficiency of PV-Wind Hybrid System Various 
controlling techniques are effectively used. With an effective 
MPPT approach utilized for the DC/DC converter, the cost 
of PV generating is reduced by 30%. Precisely, perturb and 
observe (P&O), incremental conductance (INC), fuzzy logic 
control (FLC), and artificial neural network (ANN) are 
thought to be very efficient photovoltaic extraction 
processes. The P&O approach, which allows for periodic 
perturbation of the module, can be employed. A comparison 
of the previous cycle's disturbance with the equivalent output 
power is made. 

Peter Jenkins, Monaem Elmnifi, Abdalfadel Younis, 
Alzaroog Emhamed [4] Al-Marj University was given a 
design for a low-cost hybrid power system that uses both 
wind and solar technologies to generate 0.25 M Watts of 
power. HOMER was used to simulate the physical behavior 
of a power system as well as the system's life-cycle cost, 
which is the total cost of installing and operating the system 
during lifetime. HOMER performs three main functions 
based on the user's raw input data: simulation, optimization, 
and sensitivity analysis. The performance of a given power 
system configuration was modelled for each hour of the year 
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in the simulation process to determine its technical feasibility 
and lifespan cost. 

    III. SOLAR AND WIND ENERGY 

India has a lot of promise when it comes to solar energy. 
India's geographical area receives about 5,000 trillion kWh 
of energy every year, with most the areas receiving 4-7 kWh 
per square metre every day. This solar power can be 
efficiently yoked in India, allowing for gigantic scalability. 
Solar energy is described as the sun's radiant light and heat, 
which is captured by humans through technological means. 
The wave length ranges of the electromagnetic energy 
emitted by the sun is 0.1 nm to 104 m. However, merely 0.3–
2.4 m intervals are sufficient for 95 percent of solar radiation 
to reach Earth. Each photon carries a huge amount of energy 
equal to electron volts with a speed of 3.0 *108 m/s.  
Wind is a type of solar energy as well. The sun's uneven 
heating of the atmosphere, anomalies on the earth's surface, 
and the earth's rotation all contribute to the formation of 
winds. Wind flow patterns are influenced by the earth's 
geology, water bodies & vegetation . This wind movement, 
or motion energy, can be used to generate electricity when 
"harvested" by modern wind turbines to generate electricity 
i.e. referred as "wind energy/power” which is AC in nature 
later converted in to DC supply with the help of rectifier. 
Similarly, solar panel also converts sunlight to DC voltage. 
Therefore, both resources are not constantly producing the 
same quantity of power that is economic and environment 
friendly [2].  
Solar and wind are both intermittent energy sources that 
generate power at different times and in different seasons. 
Wind energy is most efficient at night, but solar energy is 
most efficient during the day. A hybrid system, on the other 
hand, generates both solar and wind energy. Depending 
entirely on wind or solar to meet the government's targets of 
100GW of solar by 2022 and 450GW of renewables by 2030 
is a bad option. The monthly solar, wind, and hybrid energy 
(MU's) generated in India is depicted in Figure 1. 

 

 Figure 1: Monthly solar, wind and hybrid energy (MU’s) 
generated in India 

 
When compared to any other renewable source, a hybrid 
system can efficiently be used to provide highly efficient and 
reliable electricity to clients. Expected Wind-Solar Hybrid 
Annual Capacity Addition by 2020- 2023 (shown in figure 
1.1). The capacity addition of such projects is expected to 
grow at a Compounded Annual Growth Rate (CAGR) of 
222% to reach about 11.8 GW in the next three to four years. 
Both stand-alone and grid-connected systems can benefit 
from a hybrid renewable energy system. In comparison to 
grid-connected systems, a stand-alone system requires a 
large amount of storage to handle the load whereas with the 
grid system controllers are suitable to share load, voltage, 
harmonics, and frequency regulation. As a result, the 
operating model of a hybrid renewable energy system is 
divided into two categories: island mode- generated power is 
used locally (shown in figure 2) and grid connected mode 
(shown in figure 3), where all sources are connected to the 
common grid. 
 

 
Figure 1.1: Expected wind-solar hybrid annual capacity addition by 2020- 2023   
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Key advantages with hybrid renewable energy 
system include:  
 

• Utilisation of transmission structure   

 Maintaining the system stability 

• Lower generation erraticism due to 

hybridisation 

• Effective utilisation of land resources  

• Reduced the undesirable power peaks 

• Complementary generation contour 

 

 
 

 
 
 
 
 

 
 

 

 
Figure 2: Hybrid renewable energy system operating model 

 
 
 

IV. OPTIMIZATION PROBLEM FORMULATION: 
 
The practice of identifying an unconventional with the best 
possible performance and the lowest cost within certain 
limitations by maximizing desired parameters and 
decreasing undesirable ones. Maximization, on the other 
hand, refers to an effort to achieve the intended best system 
performance and reliability outcomes at any cost. Yet, lack 
of data or knowledge may limit any practical optimization; 
however, if certain data is available but others are not, linear 
programming can be used. As a result, power system 
hybridization is a study of infrastructure design employing 
optimization methods to create hybrid energy components to 
improve reliability, allowing for minimum power supply 
loss probability (LPSP). 

 

There are numerous approaches to investigate the hybrid 
systems for its supply reliability. The usage of renewable 
energy has historically been widespread, omnipresent, low-
cost, and non-polluting resulting in a rise in necessary 

storage capacity. A small hybrid system is thought to be 
cost-effective, but it may not be able to match the user load 
requirement, whereas a large hybrid system can offer 
adequate power but is costly. As a result, efficient scaling of 
RE power systems necessitates the use of unique 
methodologies to extract large power by its mathematical 
modelling. Due to the stochastic and many power 
harvesters, hybrid systems have a complex control system 
[1]. Optimization of the stochastic power component to 
achieve the supply demand is a hybrid MPPT technique. 
Under certain conditions, optimal HREPS design and 
configuration can be achieved utilizing a variety of 
optimization algorithms, including numerical and some 
heuristic methods, as identified by these authors [3]. On the 
other hand, localized cost of energy (LCOE) is used to 
calculate the cost of the average price electricity produced 
by the HRES. For cost analysis, the factors include initial 
investment, development, investment, operation, 
maintenance, as well as fuel cost. Because of the unusual 
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mixed constraints, the probability factors of employing 
optimization are complex & nonlinear. According to these 
authors [4-5], there are two types of optimization methods: 
simulation-based, metaheuristic based and algorithms based 
methodology. Without LPSP, optimization provides a cost-
effective, efficient, and dependable alternative energy 
source. In Table 1, six kinds of hybrid RE power system 
optimization concepts are given. According to these writers, 
they are known as graphical construction, probabilistic / 
deterministic approach, iterative approach, AI and software 
based.  
 
A ready-made HOMER software, on the other hand, is a 
tool for modelling hybrid configurations for optimization 
that focuses on two aspects:  
1.   Cost minimization and  
2. Performance maximization constraints as emphasized by 
Hong and Lian [6]. Another optimization technique used for 
such hybrid and storage systems (SS) to verify power supply 
is search-based and Monte Carlo simulation (SMCS). 
Through a continuous simulated tests for large power loads, 
the SMCS allows the chronological behavior and 
dependability of HREPS to be examined. Generic algorithm 
(GA), particle swarm (PSO), fuzzy logic (FL), ANN, and 
some hybrid model are the five subcategories of AI 
optimization. The energy conditioner [2] subunit uses the 
P&O method, which is a standard MPPT strategy and also 
global maximum point. As a result, optimization has a 
variety of methodologies, some of which are given in Table 
1 based on the methodology and RE system aspects under 
consideration. A HRES optimization and component sizing 
has been found more cost-effective and reliable in gathering 
all load circumstances while requiring the least amount of 
investment and maintenance. This was a disclosure of 
several results revealed by these authors [2-3] employing 
genetic algorithms, particle swarm optimization, simulated 

annealing, ant colony algorithms, and artificial immune 
system algorithms. Figure 2 displays a graphical 
representation of optimization, demonstrating two edges, 
production and demand control; on the other hand, the goal 
function is optimal design consistency, which is oriented 
toward its restrictions [4]. To demonstrate the potential of 
renewable that are replaced by diesel generators, a hybrid of 
diesel and renewable energy was created. The load pattern 
was studied and modelled using the HOMER software 
platform in order to optimize the HOMER hybrid RE. In 
comparison to a diesel generator alone, the PV/ DG system 
has the highest optimization value [6].  
 
The use of hybrid renewable systems (HRES) is growing, 
with the current design methodologies also. HES are stand-
alone medium-sized applications in remote places, but they 
are required for grid integration on a large scale. HES are 
nonlinear, non-convex, mixed-variable problems that can't 
be handled with typical optimization techniques. In the 
alternative, two techniques to HES design are used. Arabali 
et al. found that the above methods had some limitations. 
[5]. To derive formulas for a hybrid RE system, a systematic 
optimization process is used (HRES). Another option is to 
optimize by combining demand response, and uploading the 
model using a receding optimization process. The HRES is 
optimized using demand-response and weather forecasting 
approaches to minimize costs and improve its performance. 
According to Boubekri N, Shaikh V [5-7] sophisticated 
generators, logic controllers have all been adjusted to 
increase its characteristics that results in efficient power 
delivery and integration.  
 
 

 
 

Optimization Technique Components Remarks 

Conventional (Graphical) 
Construction 

DC Sources (Ba/PV)  Statistical Data collection  

Probabilistic Approach Hybrid system Statistical Data collection  

Deterministic Methodology Stand-alone PV with battery bank Use equations to determine 
specific values of parameters 

Iterative Approach 
Eg: Dynamic/Linear objective 
programming 

Hybrid system Identifying possible combination 
of PV-wind combination. 

Non-natural Intelligence 
Approach: ANN, Fuzzy Logic, 
PSO & Hybrid systems etc. 

Hybrid system  Based on advancement in 
techniques 

Software based Approach 
GUI Application 
 

Stand-alone PV with battery bank Input file with all necessary 
information is supplied. The 
software takes care of other things. 

 
Table 2: Optimization Technique 
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Figure 3: Hybrid optimization Technique 
 
 

 
The details of design variables, non-design input factors, 
restrictions, and objectives of the architecture and workflow 
methods utilized, are all included in an optimization 
problem formulation. Because of the complexity and scope 
of the challenges, problems involved in designing wind 
plant are interdisciplinary design optimization problems that 
are challenging to solve. Adding integrated wind and solar 
power plant architecture to the mix complicates things even 
further. The design variables must first be defined. The 
design variables for sizing models are focused on 
technology selection as well as asset capacity sizing. RE 
opt. also recommends an optimal asset operating plan for 
certain assets over time (Cutler et al. 2018). Physical design, 
on the other hand, focuses less on technology selection and 
more on the precise configuration of those parts in the plant, 
such as the location of wind turbines and panels, as 
previously described. Instead of being part of the size 
process, the quantity and type of these items might be part 
of the detailed optimization. The overall network topology 
of the collecting system is also included in the electrical 
infrastructure optimization. Beyond the hardware, control 
factors related with the technologies, such as the wake 
steering example discussed previously, may also be 
considered in the design optimization. For a hybrid power 
plant, the control techniques to design the entire system is 
critical. However, because hybrid power plant control 
research is still in its early stages, properly addressing 
control strategy in the system design may be difficult. [7]. 
The limits of one designer are the goals of another. In a 
system design process, there are generally several 
objectives, and some of them are considered as constraints 
in a single unbiased optimization problem. The main goal is 
usually to aggregate performance of the system and cost as a 
single global statistic, such as NPV, payback period, and so 
on. Some of the constraints considered are plant perimeter,  
 
 
 

 
 
minimum or maximum spacing, technology usage 
limitations, etc.  Finally, consider the optimization workflow  
and algorithms. The process and method selection are 
related to the specific application and its characteristics in a 
well-architected optimization problem formulation. If 
several local solutions are possible or the models are not  
 
differentiable, a gradient-free or multi-start technique may 
be preferable. Rather than involving embedded sub-
optimizations, these challenges are usually tackled as a 
single monolithic procedure. Wind plant layout design 
optimization, on the other hand, is extremely nonlinear and 
hence falls under the category of mixed integer or nonlinear 
programming (NLP/MINLP). Furthermore,  
 
depending on the sub-models involved, wind plant layout 
optimization problems are frequently not fully differentiable 
across all models, necessitating the employment of gradient-
free approaches such as heuristic and metaheuristic 
methods.  
 
Finally, the workflow sub-processes design in wind plant 
optimization can often be disconnected, allowing for sub-
optimization of particular subsystems [8]. The process 
design and algorithm selection for optimization challenges 
are driven by the most challenging component of the issue 
formulation. As a result, wind power plant design issues are 
classed as NLP or MINLP, and physical design optimization 
for hybrid power plants will also fall into one of these 
categories. If discrete alternatives are provided, the problem 
will necessitate the use of either gradient-free or gradient-
based and gradient-free approaches. 
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Table 2 summarizes common methodologies and potential for hybrid power generation. 

 
Finally, the previous logic assumed that the optimization 
was performed on deterministic data. However, uncertainty 
exists in practically all design optimization problems, and it 
is especially important in hybrid power plant selection, 
sizing, and physical design. The resources themselves, 
possible revenue streams, and peculiarities of technical 
performance and cost over time all contribute to uncertainty. 
While including all forms of uncertainty would result in 
insurmountable problem formulations, excellent designs will 
almost certainly include dealing with certain aspects of 
uncertainty during the design process. In optimization under 
uncertainty or resilient design optimization problems, an 
uncertainty analysis and quantification method is utilized to 
provide statistics that can be used to evaluate the objective 
function and/or various system constraints. While it's critical 
to address the issues of hybrid power plant physical design 
from a deterministic approach first, it'll be equally crucial to 
introduce uncertainty into the design process as soon as 
feasible to ensure the overall success of the designs created. 
 
Conclusion: 
 

The work on a hybrid system (based on PV and wind) is 
outlined in this publication to identify the up to date 
optimized method. The article also examines the many 
methodologies utilized in the design, simulation and 
optimization traits of hybrid systems. Feasibility studies, 
model-based design, modelling, and integration of various 
hybrid resources as well as an energy conditioner, a storage 

system, and a controller for automation, are all part of the 
ideal hybrid renewable energy power system design. The 
construction of a hybrid-RES for reliable electricity 
distribution is difficult. As a result, tasks such as 
establishing the viability of a hybrid energy harvester, 
energy conditioner, storage and controller unit selection and 
sizing the system designs must be completed [9]. The 
components of hybrid energy systems for power and 
reliability applications, as well as the power system, have 
previously been described. To emphasize the benefits of a 
well-designed hybrid energy system that offers a viable 
long-term solution for power supply stability. This study 
also includes a summary of various software systems for 
predicting optimal size. It also examines the issues and 
potential solutions associated with hybrid power generation 
systems. The fundamental challenge for both grid-connected 
and off-grid systems is meeting energy demand by 
combining two or more sources or varying the availability 
of different sources at different times of the day [2]. Future 
students and scholars interested in hybrid power system 
analysis will benefit greatly from the analytical investigation 
undertaken in this publication. 
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