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Abstract: The utilization of renewable energy is significantly important for the world because global energy consumption is
increasing, while conventional energy sources are no longer sufficient to meet the energy demand, triggering energy crises. In
recent years, the increasing prices of fossil fuels and concerns about the environmental consequences of greenhouse gas
emissions have renewed the interest in the development of alternative energy resources. Renewable energy is now considered a
more desirable source of fuel than nuclear power due to the absence of risk and disasters [1]. Considering that the major
component of greenhouse gases is carbon dioxide, there is a global concern about reducing carbon emissions. In this regard,
different policies could be applied to reducing carbon emissions, such as enhancing renewable energy deployment and
encouraging technological innovations. There are various of renewable energy sources such as Solar, biomass, wind, hydrogen,
fuel cell, nanocomposite, and supercapacitor. Each of the energy sources are suitable for specific geographical locations and
can suits from region to region. However, variation in solar radiation and wind speed caused by climate and weather conditions
restricts the stable operation of renewable energy systems, therefore, causing the output to fluctuate. A hybrid renewable energy
generation system can be highly efficient by combining multiple renewable energy sources and is regarded as a promising
solution to overcome from this issue. Hybrid solar systems are the systems combining two renewable sources of energy, like solar
and wind. Then, energy is generated through solar on sunny days and when there is limited sunshine but there is wind, energy
can be generated through it. The study aims to focus on generation of hybrid solar-wind power plant with the optimal
contribution of renewable energy resources supported by battery energy storage technology. The motivating factor behind the
hybrid solar-wind power system design is the fact that both solar and wind power exhibit complementary power profiles.
Advantageous combination of solar and wind with optimal ratio will lead to clear benefits for hybrid solar-wind power plants
such as smoothing of intermittent power, higher reliability, and availability. However, the potential challenges for its integration
into power grids cannot be neglected. A potential solution is to utilise one of the energy storage technologies, though all of them
are still very expensive for such applications, especially at large scale. Therefore, optimal capacity calculations for energy
storage system are also vital to realise full benefits. Currently, battery energy storage technology is considered as one of the most
promising choices for renewable power applications. However, solar-wind power technology are most suitable for off-grid
services, serving the remote are without having to build or extend expensive and complicated grid infrastructure. Therefor
standalone system using renewable energy sources have become a preferred option. Hence hybrid energy systems are an ideal
solution since they can offer substantial improvements in performance and cost reduction and can be tailored to varying end
user requirements.
Keywords: Hybrid Power generation system, Renewable energy, methodology, unit sizing, optimization, storage, energy
management.

L. INTRODUCTION
In this modern era, the entire world is focusing on economic and viable energy resources for the generation of power. The demand
for power is increasing all over the world, and mostly power generation is through conventional energy sources. But in future, one
day all these sources get deplete. Then, further no one can utilize these sources, so there is a necessity for alternate energy sources
and a greener way to generate power [2]. Presently, renewable energy sources have such potential to replace them, and every nation
is looking forward for better approach to utilize these sources for generating power. There are various of renewable energy sources
such as Solar, biomass, wind, hydrogen, fuel cell, nanocomposite, and supercapacitor. Each of the energy sources are suitable for
specific geographical locations and can suits from region to region. However, the harvest of renewable energy on a large scale and
achieving maximum permeation of renewable energy sources in power systems is considered a cumbersome task. Variation in solar
radiation and wind speed caused by climate and weather conditions restricts the stable operation of renewable energy systems,
therefore, causing the output to fluctuate.
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Hybrid systems, as the name implies, combine two or more modes of power generation together, usually using renewable
technologies such as solar photovoltaic (PV) and wind turbines. Hybrid systems provide a high level of energy security through the
mix of generation methods, and often will incorporate a storage system (battery, fuel cell) or small fossil fueled generator to ensure
maximum supply reliability and security [3]. Reducing emissions and moving towards decarbonizing energy are two fundamental
objectives for safeguarding the planet. To achieve this, combining the most competitive renewable energies, as wind and solar
energy, in hybrid installations — that can be complemented by storage systems — is proving to be an effective tool for delivering
clean and efficient energy [4].

In recent years, the availability of solar panels at cheaper prices has contributed toward the emergence of solar photovoltaic (PV)
power to be a leading incipient technology of renewable energy domain [5, 6]. However, the integration of PV power into local
power grids poses several challenges due to its intermittent nature. The problems encountered due to the use of solar power include
generation of unwanted harmonics in the voltage and current, deviations of voltages in distribution feeders, and flickers. Thus, it is
necessary to study the effects of PV penetration and discuss solutions so as to deliver solar power in a substantial amount at the
highest possible reliability and efficiency at an affordable cost. Similarly, the power obtainable from wind has also revealed a
profligate growth rate [7]. However, the integration of wind power at local levels poses power quality, reliability, and protection
issues which are required to be addressed in order to deliver efficient wind power at an affordable cost [8]. The operation of
interconnected grids is also affected due to fluctuating power output of wind farms. Intermittent nature of wind power has limited its
maximum penetration in power networks.

A proficient solution for the integration of renewable energy sources into the power grid is the use of energy storage systems (ESSSs)
[9-14]. Several types of ESSs are available nowadays including battery energy storage system (BESS), fuel cells, super capacitors,
and flywheel-based storage systems [15-17]. Nonetheless, the affordability of these ESSs is still an area of concern. Among the
available technologies, battery ESS (BESS) is considered as one of the most promising choices for renewable energy systems. The
working principle of a BESS is found on storing surplus energy in the periods of excess energy production as compared with the
demand and feeding power back to the grid when needed. Thus, the renewable power system can be made more economical by
optimizing the cost and size of BESS. This can be achieved by: (i) selection of less expensive storage type; (ii) minimization of
storage size; (iii) and development of efficient dispatching procedures [18].

Determining optimal BESS capacity, however, is a challenging task due to the irregular nature of wind and solar powers. If the
storage system is over dimensioned, it leads to an unnecessary elevation in the installation capacity cost as well as the operational
cost. On the other hand, if the storage system is less than the required size, it will result in power outages, hence making the system
less reliable. Therefore, there is a tradeoff between system reliability and costs, which can only be addressed by the development of
efficient capacity estimation techniques for the BESS. Numerous research works have been carried out in this regard for optimal
sizing of storage systems along with the generation units such as wind and solar PV plants [19-23]. The complementary nature of
these resources is utilized for determining the optimal capacity of a BESS. However, there is a lot of room for novel research ideas
in this field for minimizing the operational costs and maximizing profits.

1. CONFIGURATION OF HYBRID POWER GENERATION SYSTEM
Hybrid power generation configurations involving wind and solar power sources have attracted much attention [24—26], recognized
as an option of delivering power to remote locations. Complementary power production features of RE sources have contributed to
the growth of hybrid generation systems [25]. It is a tedious task to integrate the un-controllable RE resource into an existing design
of an electrical power grid [28-30]. These issues have utmost importance for the delivery of renewable power at an affordable cost
such that the reliability and stability of the power grid are not affected adversely.
The hybrid wind-solar structure offers several basic advantages due to the complementary power profiles of both wind and solar.
Since the continuous supply from these intermittent power sources is not guaranteed; a BESS is used to support the renewable
power plants or as backups as mentioned earlier; however, the size of BESS is always a concern due to high cost. Therefore, the
main contribution of this work is to present a strategy for joint planning and optimization of the wind—solar mix for the hybrid
power plant along with the optimal capacity of BESS to meet the load demand at the given location. Many recent research works
can be found targeting the wind—solar complementarity assessment [13, 27] and optimal sizing of BESS separately [9, 18] but the
simultaneous planning of a complete power system using both of these concepts is an innovative phenomenon that still has room for
contribution. In summary, our research targets the following main points directly or indirectly:
1) Renewable resource assessment for combined solar and wind.
2) Optimal allocation of the renewable power mix.
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3) Optimal energy storage system.
4) Cost optimization.
5) Reliability enhancement.
6) Risk mitigation.
Nowadays, stand-alone systems with solar and wind resources are receiving full attention over the globe at larger scale
comparatively [31]. However, such plants cannot produce reliable power independently owing to the seasonal characteristics of
solar and wind power. For instance, the power generation from the stand-alone solar system is not available during non-sunny days.
In the same manner, the power obtainable from a stand-alone wind system has significant fluctuations, and hence cannot meet
constant load requirements. Additionally, there occur deviations in system frequency and power outages when the wind power
integration is significant. To mitigate these issues, a BESS is attached to the system.
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Stand-alone solar systems employing energy storage in Figs. 1 [32]
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Stand-alone wind systems employing energy storage in Figs 2 [32]

However, the benefits of ESS come at a price, and the cost efficiency of hybrid renewable systems depends largely on the cost of
storage system because the storage technologies are generally expensive. Therefore, the solution is to use hybrid RE systems and
employ a common optimal BESS capacity, i.e. minimum energy storage requirements to supply the demand reliably at all times
along with given RE resources.
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Schematic diagram of hybrid PV/wind system with battery storage Figs. 3 [33]

1. APPLICATIONS OF HYBRID POWER GENERATION SYSTEM
The characteristics and components of a hybrid system depend greatly on the application. The most important consideration is
whether the system is isolated or connected to a central utility grid [34-36].

A. Central Grid Connected Hybrid Generation System

If the hybrid system is connected to a central utility grid, as in a DG application, then the design is simplified to a certain degree
and the number of components may be reduced. This is because the voltage and frequency are set by the utility system and need
not be controlled by the hybrid system. In addition, the grid normally provides the reactive power. When more energy is required
than supplied by the hybrid system the deficit can be in general be provided by the utility. Similarly, any excess produced by the
hybrid system can be absorbed by the utility. In some cases, the grid does not act as an infinite bus, however. It is then said to be
““‘weak.”” Additional components and control may need to be added. The grid connected hybrid system will then come to more
closely resemble an isolated one.

B. Isolated Grid Hybrid Generation Systems

Isolated grid hybrid systems differ in many ways from most of those connected to a central grid. First, they must be able to provide
for all the energy that is required at any time on the grid or find a graceful way to shed load when they cannot. They must be able to
set the grid frequency and control the voltage. The latter requirement implies that they must be able to provide reactive power as
needed. Under certain conditions, renewable generators may produce energy in excess of what is needed. This energy must ben
dissipated in some way so as not to introduce instabilities into the system. There are basically two types of isolated grid hybrid
systems which include a renewable energy generator among their components. These are known as low penetration or high
penetration. In this context, ‘‘penetration’’ is defined as the instantaneous power from the renewable generator divided by the total
electrical load being served. Low penetration, which is on the order of 20% or less, signifies that the impact of the renewable
generator on the grid is minor, and little or no special equipment or control is required. High penetration, which is typically over
50% and may exceed 100%, signifies that the impact of the renewable generator on the grid is significant and special equipment or
control is almost certainly required. High-penetration systems may incorporate supervisory control, so-called dump loads, short term
storage, and load management systems. Two important considerations in an isolated system are whether the system can at times run
totally on the renewable source (without any diesel generator on) and whether the renewable source can run in parallel with (i.e., at
the same time as) the diesel generator. It is most common for one or the other to be possible (and normal). It is less common that
both modes of operation are possible. This latter system offers the greatest fuel savings but is more complicated [35].
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C. Isolated Or Special Purpose Hybrid Generation System

Some hybrid systems are used for a dedicated purpose, without use of real distribution network. These special purposes could
include water pumping, aerating, heating, desalination, or running grinders or other machinery. Design of these systems is usually
such that system frequency and voltage control are not major issues, nor is excess power production. In those cases, were energy
may be required even when renewable source be temporarily unavailable, a more conventional generator may be provided.
Renewable generators in small isolated systems typically do not run in parallel with a fossil fuel generator.

V. CONTROL OF HYBRID POWER GENERATION SYSTEM

Hybrid energy system has complex control system due to integration of two or more different power sources. The dynamic
interaction between the power electronic interface of renewable energy sources leads to problems of stability and power quality in
the system, which makes the control difficult and complex. Because of the nonlinear power characteristics, wind and PV system
require special techniques to extract maximum power. Hence, the complexity of HES control system increases with maximum
power point tracking (MPPT) techniques employed in their subsystems. MPPT tracking has to be done for individual subsystems.
The performance analysis of HES can only be evaluated after performance analysis of individual system. A HES can be standalone,
or grid connected. Standalone systems, besides the generation capacity, need to have additional storage capacity large enough to
handle the load. In a grid connected system, the storage device can be relatively smaller as deficient power can be obtained from the
grid. A grid connected HE Scan supply power to both load and the utility grid. However, when connected to grid, proper power
electronic controllers are required to control voltage, frequency and harmonic regulations, and load sharing. During operation hybrid
wind-solar system is subjected to fluctuating wind speeds and solar insolation as well as to varying load demand. Hence a controller
is essential to determine how much energy is available from each component and how much to use of it. The operation policy for
standalone wind-solar hybrid system should employ the available energy from the wind turbine and solar panel in each sub-period to
use first and excess energy to be stored in batteries. If the renewable energy is not sufficient to supply the load in a given sub-period,
then energy is drawn from battery storage first and then through diesel generator (if available). In case of systems where diesel
generator is available, batteries act as fuel saver, and they are used prior to diesel engine. The operation policy in case of grid
connected hybrid system should exploit renewable energy first and excess energy if available should be stored in batteries.
However, if excess energy is still available, then it should be sold to the grid. If renewable energy is not sufficient to supply the load
in a given sub-period, then batteries should be employed first and grid power should be used if deficiency still exists. The battery in
grid connected system store the surplus power from power generation system, so only small power from the grid is needed [37-39]

V. MODELLING OF THE SOLAR-WIND GENERATION SYSTEM COMPONENTS
A solar wind hybrid system consists of PV array, Wind turbine, battery bank, inverter, controller and other devices and cable. To
satisfy the load demand PV array and wind turbine works together. The maximum available power can be extracted from the PV
and Wind power sources depending on battery charger technology. In case of low wind speed or irradiation condition battery bank is
use to store the energy surplus and to supply. For a wind solar hybrid system, as shown in Fig.3, three principal subsystems are
included, the PV generator, the wind turbine and the battery storage.

A. Modelling of PV Generator

Weather data play as important role in PV module performance, especially solar radiation and PV module temperature. The models
describing the PV module’s maximum power output behaviors are more practical for PV system assessment, as the operation and
the performance of PV generator is interested to its maximum power.

A mathematical model for estimating the power output of PV modules is used. Using the solar radiation available on the tilted
surfaces, the ambient temperature and the data from manufact- urers for the PV modules as model inputs, the power output of the
PV generator, Ppy , can be calculated with the following equations [40].

Pev = ng NA, G,

Where ng - Instantaneous PV generator efficiency, A, - Area of a single module used in a system (m2), G, - Global irradiance
incident on the titled plane (W/m2) ,

N- Number of modules.

Whereas all the energy losses in a PV generator, including connection losses, wiring losses and other losses, are assumed to be
zZero.
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B. Modelling Of Wind Generator

It is very important for wind solar hybrid system to choose a suitable wind turbine. There are three main factors that determine the
power output of a wind turbine, ie, the power output curve (determined by aerodynamics power efficiency, mechanical transmission
and converting power efficiency) of a chosen WG, the wind speed distribution of a selected site where the wind turbine is
installed, and the tower height [41-43] taken on that the turbine power curve has a linear, quadratic or cubic form approximate the
power curve with a piecewise linear function with a  few nodes. As the installation height of the wind turbine has a large effect on
the energy available from the system, the process of adopting of the wind profile for height can be taken into account by using an
equation of height adjustment. In this study, the power law is applied for the vertical wind speed profile, as shown in equation below
[41].

VIVr =V, (H/HN™

Where, V [J Wind speed at hub height H, Vr [ Wind speed measured at the reference height Hr and a1 [ Wind speed power law
exponent.

Wind speed power law expansion which varies from (> 0.10) for very flat land, water or ice to more than 0.25 for heavily forested
landscape. The onelJseventh power low (0.14) is a good reference number for relatively flat surfaces such as open terrain of
grasslands away from tall trees or building [44].

C. Modelling of Battery Storage

To regulate system voltage and to supply power to load in case of low wind speed or low solar radiation, a battery bank is used
which is usually made of the lead(Jacid type to store surplus electrical energy. During the charging process, when the total output
of PV and wind generators is greater than the load demand, i.e. when power generation cannot satisfy load demand
requirement, the available battery bank capacity at hour t can be described by [45]:

Chat(t) = Chat (t-1).(1- o) + [Epv (t) + EWG (t) - {EL (t)/ niNV}]nbat

On the other hand, when the load demand is greater than the available energy generated, the battery bank is in discharging state.
Therefore, the available battery bank capacity at hour t can be expressed as:

Chat(t) = Chat (t-1).(1- o) - [EL (t)/ niNV = {EPV (t) - {EWG (1)}]

Where, Chat (t) and Cbat (t-1) are available battery bank capacity (Wh) at hour t and t(11, respectively;

nbat = the battery efficiency (during discharging process, the battery discharging efficiency was set equal to 1 and while charging,
the efficiency is 0.65 to 0.85 depending on the charging current) ,c = selfCIdischarge rate of the battery bank.

VI. SYSTEM SIZE OPTIMIZATION

The required number of Wind generators, PV modules and batteries for a given load demand are calculated as follows: Calculate the
hourly energy output from individual wind generator and PV module for a typical year using wind speed and solar insolation of the
site In order to match the generation with the given hourly load of a year, different combination of wind generator and PV module is
used. There will be energy deficit during several consecutive hours in between the hours of excess energy generation for each of the
combination. This cluster of energy deficit cannot be supplies by renewable sources. The combination of wind generator and PV
module is selected which minimizes the maximum deficit. The amount of maximum deficit is used to determine the storage size ie.
the size of the battery. Loss of power supply probability (LPSP) and 10-years total cost of the hybrid renewable power system are
calculated for each of these combinations. Optimal combination is selected based on desired LPSP and minimum total cost of the
system [46,47].

VII. CONCLUSION

The use of solar-wind hybrid renewable energy system is ever-increasing day by day and has shown incredible development in last
few decades for electricity production all over the world. The solar-wind hybrid renewable energy is attracting more attention
because they can become more economical, environmentally cleaner, and can be installed in a distributed fashion. A challenge with
solar and wind resources is their intermittency and not constantly available; usually they are complemented by storage batteries. The
proper sizing of system elements results in the efficient utilization of the power from the renewable sources and the battery bank.
Various significant aspects of system, such as configuration, application, control, modeling, unit sizing and optimization of system
are specifically focused on generation of hybrid solar-wind power plant. Future trends include cutting edge technology development
to increase the efficiency of such hybrid systems and encouragement in terms of its implementation.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1444




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue IX Sep 2022- Available at www.ijraset.com

Hybrid renewable energy system has an immense potential to meet the load demand of remote, isolated sites and can contribute
significantly to both rural as well as urban development. This in turn reduces the central generation capacity and increases overall
system reliability. Hybrid energy system units can supply uninterrupted power at zero emission level, which is the major advantage
of such systems. The widespread use of hybrid renewable energy systems will not only solve the energy issues but also ensure a
green and sustainable planet.
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