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Abstract - Since solar and wind power are inherently
intermittent and unpredictable, higher penetration of their
types into existing power systems can lead to high technical
challenges, especially for weak networks or independent
people who do not have sufficient and adequate storage
capacity. By integrating the two renewable resources into an
optimal combination, the effects of the variable nature of
solar and wind energy resources can be partially solved, and
the overall system becomes more reliable and economical.
This article reviews the challenges and opportunities /
possibilities of hybrid solar PV and wind energy integrated
systems. Grid and frequency fluctuations and harmonic
effects are the main power quality problems in networked
systems and independent systems and have greater influence
in the case of weaker networks. This can be largely solved
by proper design, advanced fast response management
facilities and good hybrid system optimization. This paper
reviews the most important research work on optimal size
design, power electronics topology and control reported in
the literature. This article describes the latest technologies
for networked and stand-alone hybrid solar and wind energy
systems.
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I. INTRODUCTION

Photovoltaic (PV) is the name of a method of converting
solar energy into direct current electricity using
semiconducting materials that exhibit the photovoltaic
effect, a phenomenon commonly studied in physics,
photochemistry and electrochemistry. A photovoltaic
system employs solar panels composed of a number of solar
cells to supply usable solar power. The process is both
physical and chemical in nature, as the first step involves the
photoelectric effect from which a second electrochemical
process take place involving crystallized atoms being
ionized in a series, generating an electric current. Power
generation from solar PV has long been seen as a clean
sustainable energy technology which draws upon the
planet’s most plentiful and widely distributed renewable
energy source the sun. The direct conversion of sunlight to
electricity occurs without any moving parts or
environmental emissions during operation. [1]

A. Wind Power - The wind turbine can be defined as a
machine which is produce the electrical power by
converting wind's kinetic energy. Therefore, the wind
turbine would be benefited from the regions that have

average annual wind. The wind turbine has been ruled as
another renewable energy source used for generating
electrical power energy.

Recently it has been reported by the International Energy
Agency that 46% global electricity would be from
renewable energy source by 2050, and 21-30% of them
from the wind turbine, according to Global Wind Energy
Council. Nowadays, the world is going the way of getting
green energy because of the great problem of increasing
greenhouse with increasing demand of electrical power
plant which were most of them used burn of fossil fuels to
produce the electrical power energy. The wind turbine is one
of the important sources which is used in hybrid system as
micro-grid renewable energy specialty in this region that
have more wind annually. Because of the wind turbine
depend of dynamic mechanical energy, it has more
maintenance if compared with the PV panels. So, when it
used with PV solar panel it must be making the PV system
as a significant to avoid the maintenance. [5]

B. Modeling of Photovoltaic Panels - The direct current
electricity can be generate in photovoltaic system when is
exposed to sunlight without environmental impact. The
solar cell is the basic building block of Photovoltaic arrays.
For inducing electrical energy from sun lighting energy, the
PV system depends on semiconductor PN junction.
Photovoltaic solar cell characteristic depends on the sunlight
(temperature and radiation), also its output voltages. Figure
1 illustrate the similar circuit of a solar photovoltaic system
array.
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Figure 1: Equivalent Electrical Circuit of PV Ar}ay [2]

Il. BACKGROUND
The relevant research reports and their conclusions in the
field of renewable energy off-grid hybrid model control
modeling in the literature are as follows.
Alsharif et al. (2017) Energy efficiency and renewable
energy are the pillars of sustainability and environmental
compatibility. This study outlines a sustainable, green
cellular base station (BS) that accounts for the majority of
the energy consumed by cellular networks. We reviewed the
architecture and power model of BS and summarized the
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trend of green cellular network research for the past 10
years. As a major contribution, this research is (i)
researching the potential of system models and cellular BS
renewable energy solutions, (ii) regenerating in cellular
communications by determining the potential geography of
renewable energy BSs Emphasize the application of
potential energy. (iii) Based on our findings, case studies of
mobile BS using renewable energy and direction of future
research, (iv) review of current sustainable and green BS
deployment, (v) Research to prevent renewable energy
Barriers to widespread use of Energy BS and advice on
future work

Pratap, Chiranjevi (2017) As new technologies such as
hybrid electric vehicles, distributed generators, power
electronics interface circuits and advanced controllers are
integrated into the grid, today's power system networks are
more complex than they are today. As a result, recent
blackouts in some parts of the world indicate that power
systems are under pressure. Real-time / online monitoring
and forecasting of stability limits are necessary to prevent
future power outages. The rapid increase in energy demand
raises serious issues for the stability and reliability of power
systems and is therefore a major concern. The shortcomings
of traditional energy have paved the way to renewable
energy. The latter can form part of a stand-alone system or
grid-connected system. When integrated with other energy
sources, a single renewable energy source is called a hybrid
system. This article describes photovoltaic, wind and
hydroelectric systems. In this paper, we developed an active
power control strategy so that when the individual winds do
not meet the energy requirements, the wind diesel mode
transitions without affecting the frequency to meet the
energy requirements. The mathematical model being
considered uses STATCOM to meet reactive power
requirements for sudden power changes. Performance and
analysis are done in a user-friendly MATLAB / Simulink
environment.

Hassan et al. (2016) Most of the world's population lives in
remote rural areas with remote areas and densely populated
areas. This study is based on modeling, computer
simulation, and hybrid power system optimization in rural
areas of Muqgdadiyah region of Diyala, Irag. Consider two
renewable resources: photovoltaic (PV) and wind turbine
(WT). The proposed hybrid energy system model was
studied and designed using HOMER software. Based on the
simulation results, it has been found that renewable energy
can replace traditional energy sources and be a viable
solution for generating electricity remotely with reasonable
investment. The hybrid system solution used to energize
selected areas provides the lowest cost combination of
hybrid systems that can meet demand in a reliable manner at
a cost of around $ 0.321 / kWh. When wind power is at a
lower stage of the study area, wind power is not
economically variable.

Kanagasakthive et al. (2015) this paper introduces the
simulation and analysis of a hybrid energy system
consisting of wind and solar power systems. The wind and
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solar power systems are connected to a common load via a
DCIDC hoost converter. Usually, in low emission PV array
systems, the voltage provided by the inverter is lower than
the rated voltage which affects the quality of the power. It
was overcome by using a battery energy storage system. In
stand-alone mode, the converter must maintain a constant
voltage and frequency when the load is non-linear,
regardless of load imbalance or current quality. Modeling
and simulation of hybrid and PI controllers using MATLAB
/ SIMULINK. Simulation results show that the proposed
hybrid system may meet the power requirements of the
isolated system. In the past few years, renewable energy has
received more attention and considerable effort has been
made to develop effective energy conversion and utilization
systems. The main goals of these methods are to reduce
environmental damage, save energy, deplete resources, and
improve safety. Renewable energy systems can be used to
provide power directly to the power system or isolated
loads. Stand-alone systems can be used as water pumps for
rural electrification [3] and can provide power to isolated
areas remote from the power grid. Solar power and wind
energy systems are the most promising renewable energy
technologies.

I1l. DESIGN THE PROPOSED MODELS BY MATLAB
SIMULINK

Integration of renewable energy generation with battery
storage and diesel generator backup systems is becoming a
cost-effective solution for resolving less usable renewable
energy during the year. However, if storage runs out, there
is no way of importing energy. Therefore, a combination of
PV and wind energy sources with the battery energy storage
system (BESS) is a suitable alternative supporting energy
source for this type of generation systems, where are fed the
several of three phase resistive with inductive (RL) circuits
which represents as a variable loads by opening and closing
of the circuit breakers, thus it due to fluctuations in power
energy. And distributed generators can help of these
fluctuations in power supply since generation units will be
close to the loads. However, introducing diesel generators
will require an up gradation in the existing protection
schemes, but it is not enough to the regulation of power
because of the renewable sources depend on the weather.
Block diagram of hybrid system of PV/Wind/ Diesel
Generator are integrated and simulated in MATLAB
Simulink as sown in Fig 2.

Photoyolitic panel Wind turbine
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Figure 2: Block Diagram of Hybrid Model

Diesel Generator

A. PV-Wind System Model - Photovoltaic is a
combination of more than one solar panel array of several
solar cells, connected in series and parallel with large
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voltage and current output of one solar cell, which it can be
simplified to a diode in parallel with a current source. The
current generation is directly proportional to the sun
radiation falling on the cell, as shown in Figure 2. [3]
Description: From Figure 3, the 100KW of photovoltaic
solar panel system array connected with the Micro-grid
hybrid power system to feeding the loads demand with other
sources in the same net.

PWM inverter convert the DC output of PV system into AC.
Control of inverter system control the inverter that it
automatic operate when external power supply is gone.

=

q

Figure 3: Top level Model

This system is consist of: The PV array, which depends on
2 panels that are connected to gather in parallel to generate
DC voltage in 11 string that connected in series to supply
power, which produce power it is equal to 9.464 Kwh,
which is used to regulate DC output voltage from the PV
array by MPPT controller, this converter it is necessary to
connect with any solar system energy conversion because of
the non-arrangement of sunlight used to vary of induced
voltage during days.

IV. RESULTS AND DISCUSSION

The designed simulation system has been used to carry out
the measurements and tests, to verify the predicted results of
the system. The results obtained from the MATLAB
simulations and practical implementations are compared. [4]
A. The Simulation Results of Standalone Hybrid Micro-
Grid System - The SIMULINK MATLAB package version
2013a has been used for modeling and simulating of the
system.

MPPT subsystem track the maximum power point as shown
in fig. 4.
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Figure 4: output current of MPPT system
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Figure 5: PV Subsystem

Wind subsystem is shown in fig. 6 a wind turbine is
connected with PMSG and produce electricity. Permanent
magnet synchronous generator (PMSG) convert mechanical
energy from turbine into electric energy. Wind power graph

is shown in Fig 7.

Figure 7 Wind power

V. CONCLUSIONS

This work is presented design and simulation of standalone
hybrid micro grid power system and modeling of remote
area electric distribution system. This paper investigates the
three important works in one project by using MATLAB

Simulink.

Throughout the results obtained, the following conclusions

can be made:

1. The work shows a connection four different generation
system that consists of PV/Wind/Diesel and operated
together to support the load, and illustrated that can be
operated more than one sources in one network otherwise
they are different in conversion energy sources which in this
network it benefited from four different type. The PV
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system generate electrical energy from the sunlight, the
wind turbine system generate electrical energy from wind
kinetic energy, the diesel generator induced electrical energy
from fuel chemical energy, and the battery that used as a
storage energy system, from charging and discharging by a
bi-direction converter device can be injected and absorbed
power of the system model. This system was tested in a
period of simulation time to showing the performance of the
system with any varying from the load demand and natural
sources. In the standalone mode during operation in the
micro-grid system, the voltage and frequency in the system
rapidly changed because of the unbalance between the loads
with the sources generate, because of it is necessary to
compensator system and controlling on it. [7]

2. Ability to transfer maximum power from photovoltaic
system by using MPPT with (P&O) techniques, which is
controlled of the duty cycle to regulate the booster and DC
voltage in the PV array system to be constant with changing
accorded by the sunlight energy.

3. These systems were friendly to the environment, because
of using renewable sources instead of the fossil fuel engine
system. And these systems were healthy by zero polluting
emissions and had minimal operation cost

4. This type of system has the difficulty of control because
of the different sources and independent on the main grid
system, and by fluctuations in the air that effects to it during
of annual and period of day and night.

The future work of this study can be extended to design:

1. A standalone hybrid PV-Wind-Diesel-Battery with
Artificial Neural Network (ANN) controller can be studied,
and compared it to the Fuzzy logic controller.

2. The modeling and intelligent control can be done for the
grid connected mode of operation.

3. The present study work can be enlarged by using another
renewable sources to get more energy from nature and
increasing generating electrical power to covering load
demand.

4. The purpose control system in this work, can enlarge it
by controlling the sources in which situation can be operated
or shut down according to changing each of the weather and
the load. [20-27]

VI. REFERENCES
[1]. Juang C.-F., Lu C.-F. (2006). Load-frequency control by
hybrid evolutionary fuzzy PI controller, IEEE International
Conference, 2,196-204.
Ertugrul Cam, (2007). Application of fuzzy logic for load
frequency control of hydro electrical power plants, Energy
Conversion and Management, 48, 1281 1288.
Juwi Solar GmbH30. (2009). Solar Stand-Alone Power and
Backup Power  Supply, KWp Hybrid Backup System in
Ntarama, Ruanda, to supply power to a vocational training
center for solar technology.
Abd EI-Shafy A. Nafeh. (2009). Fuzzy Logic Operation
Control for PV-Diesel- Battery Hybrid Energy System, the
Open Renewable Energy Journal, 2, 70-78.
Sheeja V., Singh B., Uma R. (2009). BESS based voltage and
frequency controller for Standalone wind energy conversion

(21

(31

(41

[5].

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

[6].

[71

[8].

(91

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

system employing PMSG, IEEE
Society Annual Meeting,1, 1-6
Zhonggiu Wang, Gengyin Li, Gang Li, Hao Yue. (2011).
Studies of Multi-type Composite Energy Storage for the
Photovoltaic Generation System in a Micro grid, IEEE.

Mousa Marzband, Andreas Sumper, and Mircea Chindris. (
2011). Frequency control of isolated wind and diesel hybrid
micro-grid power system by using fuzzy logic controllers and
PID controllers, IEEE, 11th International Conference on
Electrical Power Quality and Utilization.

Jong-Yul Kim, Hak-Man Kim, Seul-Ki Kim, Jin-Hong Jeon,
and Heung-Kwan Choi, (2011). Designing an Energy Storage
System Fuzzy PID Controller for Microgrid Islanded
Operation, Energies journal,4, 1443-1460.

Lipsa Priyadarshanee, (2012).Modeling and control of hybrid
AC/DC micro grid, M.S. thesis, of technology in power
control and drives, 1-57.

Singh S., Singh AK., Chanana S. (2012). Operation and
control of a hybrid photovoltaic-diesel-fuel cell system
connected to micro grid, Fifth IEEE Conference of Power
India, 4,1-

Parikhan Muhsin Ali, Asso Raouf Majeed, and Hermann R.
Fehrenbach. (2012). Investigation of Energy Potential of
Renewable Energy Resources in Sulaimani Region for the
Electrification of Villages with off Grid Energy, M.S. thesis,
of electrical engineering.

Jitendra Kasera, Ankit Chaplot, and Jai Kumar
Maherchandani. (2012).Modeling and Simulation of Wind-PV
Hybrid Power System usingMATLAB/Simulink, |EEE
Students’ Conference on Electrical, Electronics and Computer
Science.

M.V. Santhi Lakshmi, Dr. Ch. Sai babu, and GRKD Satya
Prasad. (2012). Design of off-grid homes with Renewable
energy sources, Third International Conference on Sustainable
Energy and Intelligent System (seiscon 2012), VCTW,
Tiruchengode, Tamilnadu, India.

Ming Ding, Bo Wang, Zhong Chen. (2012). Stabilizing
Control Strategy of = Complementary Energy Storage in
Renewable Energy System, Innovative Smart Grid
Technologies Asia, IEEE, 1-5.

Singaravelan. A, Kowsalya M. (2013). Control of converter
fed micro grid using fuzzy controller, International
Conference on Energy Efficient Technologies for
Sustainability, 1179 - 1184.

P. Raju, and S. Vijayan. (2013). Artificial intelligence based
battery power management for solar PV and wind hybrid
power system, Generation, Transmission and Distribution,
IEE Proceedings in IET Journals & Magazines, 53, 2091-
2730.

Akbari, M., Golkar, M.A., Moghaddas-Tafreshi, S.M. (2013).
Controller designing to improve the voltage and frequency
stability of a hybrid AC/DC micro grid, 22nd International
Conference on Electricity Distribution, 2, 1013.

Pachori A., Suhane P. (2014). Design and modelling of
standalone hybrid power system with MatLab/Simulink,
International Journal of Scientific Research and Management
Studies, 1, 65-71.

M.Sivaram Krishnan, M.Siva RamKumar, and M .Sownthara.
(2014). Power Management of Hybrid Renewable Energy
System by Frequency Deviation Control, International
Conference on Innovations in Engineering and Technology
(ICIET’14) On 21st & 22nd March Organized by K.L.N.
College of Engineering and Technology.

Industry  Applications

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

2660 |Page



[20]

[21].

[22].

[23].
[24].
[25].
[26].

[27].

[28].

[29].

[JRECE VOL. 7 ISSUE 2 (APRIL- JUNE 2019)

Rashid Al Badwawi, Mohammad Abusara and Tapas Mallick.
(2015). A review of hybrid Solar PV and wind energy system,
Smart Science,3,127-138.

Kanagasakthivel, B., & Devaraj, D. (2015, February).
Simulation and performance analysis of solar pv-wind hybrid
energy system using Matlab/Simulink. In 2015 International
Conference on Computing and Communications Technologies
(ICCCT) (pp. 99-104).

Hassan, Q., Jaszczur, M., & Abdulateef, J. (2016, September).
Optimization of PV/wind/diesel hybrid power system in
homer for rural electrification. In Journal of Physics:
Conference Series (Vol. 745, No. 3, p. 032006). IOP
Publishing.

Alsharif, M., Kim, J., & Kim, J. (2017). Green and sustainable
cellular base stations: An overview and future research
directions. Energies, 10(5), 587.

K. Pratap , Y. Chiranjevi (2017) Transient Stability
Assessment of Hybrid Distributed Generation Using Facts
Device, IMER, 7(3)
http://gogreena.co.uk/how-solar-panels-work-a-guide-for-
dummies

http://www.enerpower.ie/page/wind/wind
http://dg-newline.en.made
inchina.com/product/qMRQLmxEuOcr/China-Perkins-Series
Diesel-Generator Set NPP250-.html.
http://www.solarnovus.com/trends-in-residential-solar-
energystorage_N8433.html
http://www.superiorsolar.com.au/solar-power/hybrid-solar-
power/hybrid-solarpower-products/sma-hybrid-solar-system.

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING
A UNIT OF 120R 2661 |Page



