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Abstract: Increase in energy demand has made the renewable resources more attractive. Additionally, use of renewable
energy sources reduces combustion of fossil fuels and the consequent CO2 emission which is the principal cause of
global warming. The concept of photovoltaic-Wind hybrid system is well known and currently thousands of PV-Wind
based power systems are being deployed worldwide, for providing power to small, remote, grid-independent
applications. This paper shows the way to design the aspects of a hybrid power system that will target remote users. It
emphasizes the renewable hybrid power system to obtain a reliable autonomous system with the optimization of the
components size and the improvement of the cost. The system can provide electricity for a remote located village. The
main power of the hybrid system comes from the photovoltaic panels and wind generators, while the batteries are used
as backup units. The optimization software used for this paper is HOMER.
HOMER is a design model that determines the optimal architecture and control strategy of the hybrid system. The
simulation results indicate that the proposed hybrid system would be a feasible solution for distributed generation of
electric power for stand-alone applications at remote locations
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I.
INTRODUCTION
Commonly hybrid energy systems use solar, wind, and
hydro energy sources, although most of the renewable
energy available on earth consists of different forms of
solar energy. A system of the combination of these
different sources has the advantage of the balance and
stability [1]. The concept of photovoltaic (PV) is well
understood and currently thousands of PV-based power
systems are being deployed worldwide, for providing
power to small, remote, grid-independent applications [2].
Despite abundant availability of solar/wind energy, a PV
or Wind Generator (WG) stand-alone system cannot
satisfy the loads on a 24-hour basis [3]. Often, the
variations of solar/wind energy generation do not match
the time distribution of the load. Therefore, power
generation systems dictate provision of battery storage
facility to dampen the time distribution mismatch between
the load and solar/wind energy generation and to facilitate
for maintenance of the systems [4]. PV and WG generated
electricity stored in batteries can be retrieved during
nights. Also use of Fuel Cell (FC) system with
PV/WG/battery reduces battery storage requirement.
Energies have made a fast and significant breakthrough in
the past 10 years. In addition, they can be consumed
locally, hence reducing both impacts from high-voltage
transmission lines through rural and urban landscapes and
power losses. However, neither a solar nor a wind energy
stand-alone system can fully satisfy load consumption
because of seasonal and periodic climatic variations.
Therefore it is more reliable and efficient to install a
hybrid energy system with storage because of renewable
energy sources intermittent character[4]. In particular,
advances in wind and photovoltaic (PV) generation
technologies have increased their use in wind-alone, PValone, and hybrid PV-wind configurations[5].
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Wind speeds are often low in periods (summer,
eventually) when the sun resources are at their best. On the
other hand, the wind is often stronger in seasons (the
winter, in many case) when there are less sun resources.
Even during the same day, in many regions worldwide or
in some periods of the year, there are different and
opposite patterns in terms of wind and solar resources.
And those different patterns can make the hybrid systems
the best option in electricity production There has
traditionally been two different types of solar systems - On
Grid and Off Grid.
Off Grid system allows them to be completely self
sufficient. Off Grid is also called Remote Power or Stand
Alone .For increasing the reliability and continuity of
supply, they are still connected to the grid, and the purpose
of their solar is to either feed back into the grid (called a
Gross Feed tariff) or to provide power for a home to lower
its power bill (Net Feed Tariff).On Grid is also called
Grid-Connect or Grid-Interactive
There are numerous possible applications for hybrid
power systems. The most common examples are:
1.Central grid connected hybrid systems (CGHS)
2.Isolated grid hybrid systems (IGHS)
3.Isolated or special purpose hybrid systems (ISHS)
II.
RELATED WORK
Various aspects must be taken into account when working
with stand-alone hybrid systems for the generation of
electricity. Reliability and cost are two of these aspects; it
is possible to confirm that hybrid stand-alone electricity
generation systems ar usually more reliable and less costly
than systems that rely on a single source of energy [5,6].
In various research papers [7-9], it has been proven that
hybrid renewable electrical systems in offgrid applications
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are economically viable, especially in remote locations. In
addition, climate can make one type of hybrid system
more profitable than another type. For example,
photovoltaic hybrid systems (Photovoltaic–Diesel–
Battery) are ideal in areas with warm climates [10].
On the other hand, various mathematical models of the
elements that make up these systems have been used, as
well as various design and simulation models. The
complexity of the models of the components of the hybrid
systems mainly depends on the type of application
(simulation, design, etc.). The models usually used for the
components of the most common hybrid systems
(photovoltaic, wind, diesel and batteries) are shown in
[11]. This paper will review the simulation and design
models of the hybrid systems that have been used up to
this moment in time, indicating which tools have been
developed for this purpose.

Fig. 1. Yearly average daily solar radiation.

III.
SYSTEM DESCRIPTION
A 6 kWp solar - wind hybrid system consisting of 1
kWp solar PV, 5 kW wind turbine, 4 kW converter and
Fig. 2.Yearly average wind speed.
150 Ah battery bank, is installed at Sanodar village in
Bhavnagar district (latitude : 29° 36' N, and longitude :
IV.
Methodology
53° 40' °E in GMT + 5:30 time zone, altitude : 892.7 m
In order to design a mini-grid hybrid power system, one
above sea level).
has to be provided with information for the selected
Among the various districts of Gujarat, Sanodar village location. Typical information‘s required are; the load
in Bhavnagar district has been selected due to abundant profile that should be met by the system, solar radiation
wind and solar energy. Sanodar is a Village in Bhavnagar for PV generation, wind speed for the wind power
District of Gujarat State, India. It is located 27 KM generation, initial cost for each component (diesel,
towards South from District headquarters Bhavnagar. It is renewable energy generators, battery, converter), annual
located 20 km from Ghogha and 224 km from State interest rate, project lifetime, etc. Then using these data
one can perform the simulation to obtain the best hybrid
capital Gandhinagar.
power system configuration. One of the available tools for
On the design point of view, the optimization of the size this purpose is the HOMER software from NREL.
of hybrid plants is very important, and leads to a good
ratio between cost and performances. Before the system
sizing, load profile and available insolation should be
evaluated.
A.
Solar Radiation and Wind Speed Data
In the present work, solar radiation and wind speed data
collected from real case near sanoder (Gujarat, 29° 36' N,
53° 40' E) . This data has been analyzed to assess
utilization of hybrid PV/WG/battery/FC power systems to
meet the load requirements of a typical remote village. As
shown in Fig. 1 the monthly average daily solar radiation
of 5.212 (kWh/m2). Fig. 2 shows the monthly average
daily wind speed of 6.54 m/s.
B.
Load Profile
An important consideration of any power generating
system is load. As a case study and as a representation of
remote village which lack access to the utility grid, the
measured annual average energy consumption has been
considered to scale the load to 6 (kWh/d) in the present
study. The peak requirements of the load dictate the
system size. In this study 1.5 (kW) has been considered to
scale peak load.
Copyright to IJIREEICE

Fig.3 Flow Chart for Sizing of system[12]

The analysis of the surplus renewable power is made
on a hourly basis, comparing the available renewable
power previously calculated to the electric load. Then it is
decided what to do with this energy excess, changing the
system configuration so that little or zero renewable
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surplus exists. After it has completed one year calculation,
it is determined whether the system configuration fulfills
the constraints imposed by the modeler. If the system is
viable, the software estimates the life-cycle cost taking
into account, i.e. annual fuel consumption, generator
operating hours and expected battery life. The total net
present cost (NPC) is used as the measurement to
represent the life-cycle cost of a particular system. The
NPC includes investment costs, operation, maintenance
and replacement costs that take place within the project
lifetime, always discounting future cash flows to the
present date.[12]
After the simulation process has been conducted to
search for viable system configurations, the optimization
process determined the best possible system
configurations within the simulation solutions. The best
possible, or optimal solutions, are those who satisfy user´s
specified constraints at the lowest possible NPC. To all
feasible solutions, a rank is assigned according to the NPC
and the one with the lowest NPC is considered as the
optimal system configuration.[12]
For a sensitive analysis, the software aim is to reveal
how will the outputs of the problem change, when changes
occur in the inputs. The user is able to enter a range of
values for sensitivity variables like the fuel price, the
lifetime of a PV array or wind turbine, the grid power
price, among others. It is also allowed changing the
magnitude of an hourly data set, such as load an renewable
resource in study. All this sensitive analysis are optimized
once again for a better long term knowing of systems
behavior, permitting the user to deal with uncertainties and
thus making better design decisions.[12]

in its optimization process. [13]. In this study, decision
Variables include:

The size of the PV array

The number of WG

The Capacity of batteries

The size of the DC/AC converter
In normal operation, PV and WG feed the load
demand. The excess energy from PV and WG is stored in
the battery until full capacity of the battery is reached. The
main purpose of introducing battery storage is to
import/export energy depending upon the situation. In the
event, the output of PV and WG exceeds the load, the
excess energy is fed to battery or goes unused (due to lack
of demand).
The objective of the optimization is to minimize the net
present cost (NPC) of the system with 0%, 10% and 20%
capacity shortage and state of charge of battery bank
should not be less than 80%. The formulated objective
function with constraints is given by Eq. (1).
Min ∑NPC
Constraints: 80% ≤ SOC ≤ 100%
(1)
Capacity Shortage = 0%, 5%, 10% and 20%

Fig. 4. Proposed system configuration in HOMER
HOMER SIMULATION MODEL
In the present work, the selection and sizing of
components of hybrid power system has been done using
NREL‘s HOMER software. HOMER is a general purpose
hybrid system design software that facilitates design of
electric power systems for stand-alone applications. Input
information to be provided to HOMER includes: electrical
loads (one year of load data), renewable resources,
component technical details and costs, constraints,
controls, type of dispatch strategy, etc. HOMER designs
an optimal power system to serve the desired loads.[13]
HOMER is a simplified optimization model, which
performs hundreds or thousands of hourly simulations
over and over (to ensure best possible matching between
supply and demand) in order to design the optimum
system. It uses life cycle cost to rank order these systems .
The model has been developed using HOMER, consists of
a PV, WG(s), a battery. The schematic of this hybrid
power system is shown in Fig.4 . In order to verify the
system performance under different situation, simulation
studies have been carried out using real weather data (solar
irradiance and wind speed). The goal of the optimization
process is to determine the optimal value of each decision
variable that interests the modeler. A decision variable is a
variable over which the system designer has control and
for which HOMER can consider multiple possible values
V.

Copyright to IJIREEICE

VI.
SIMULATION RESULTS
Several simulations have been made by considering
different PV capacities and the number of WG. Sensitivity
Analysis is made for different wind speeds.
a.
Wind Speed
Results for different wind speeds are analysed .In Fig
5a,wind speed is taken as 6.5m/s.Optimised NPC is
obtained as $21,181. In Fig 5b,wind speed is taken as
4m/s.Optimised NPC is obtained as $26,238. In Fig
5c,wind speed is taken as 3m/s.Optimised NPC is obtained
as $27,961.So as speed of wind decreases,NPC increases.

Fig. 5a. Results for wind speed 6.5 m/s
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reliability of the system; moreover, the cost of energy will
also reduce. Thus, it is advantageous to use deferrable load
in reliable renewable energy systems.Its shown in fig 6a.

Fig. 5b. Results for wind speed 4 m/s

Fig. 6a. Optimisation Results for Capacity Shortage 0%
2.System with 10% capacity shortage:
The best optimised combination involves a 2kW PV
array, 1 kW inverter,1kw rectifier ,10 batteries with net
present cost (NPC) as $22,213 and levelized cost
as
Fig. 5c. Results for wind speed 3 m/s
$.797/kWh. The total annual electric production of this
The sensitivity of the effect of wind speed on cost system is obtained as 3,223kWh/yr out of which 21%
parameters, Total Net Present Cost (TNPC), Cost of electricity, is produced in excess.
Electricity of complete system is analysed. As wind speed
In order to utilize both solar and wind resource of the
decreases from 6.5 m/s to 3 m/s all the cost parameters are
increasing due to increase in optimal system size site, the optimized combination for this location, is found
according to available resources.These are shown in to be as one 5 kWp wind turbine and 2 kWp PV system
with 1 string of 10 batteries. The COE of the system will
figures 5a,5b,5c.
be 1.051/kWh with 89.9% (19,237 kWh/yr) excess
A. As wind potential is very high in this region,when electricity production with 7.5% capacity shortage.Results
optium combination with wind turbine is analysed,excess shown in fig. 6b
electricity production is very high as compared to
combination without wind turbine.
B. The best optimum combination as per NPC is found to
be combination without wind turbine because its
installation cost is very high as compared to solar panel.
b.

Capacity shortage
An capacity shortage is a shortfall that occurs between
the required operating capacity and the actual amount of
operating capacity the system can provide. HOMER keeps
Fig. 6b. Optimisation Results for Capacity Shortage 10%
track of such shortages and calculates the total amount that
occurs over the year
2.System with 10% capacity shortage:
Various combinations are analysed as per load
The best optimised combination involves a 4kW PV
requirements,resources available and economics for
array, 1 kW converter with net present cost (NPC) as
0%,10%,20% capacity shortage.
$20,919 and levelized cost as $.849/kWh and excess
electricity of 66.8%.Optimised results are shown in fig6c.
1. System with 0% capacity shortage:
The best result for 0% capacity shortage is found to be
a 1kWp PV array, 2 kW inverter,10 batteries with net
present cost (NPC) as $27,961 and levelized cost
as
$0.991/kWh. The total annual electric production of this
system is obtained as 19,784 kWh/yr out of which 8% is
produced by solar source and rest by wind turbine.88.5%
(17,510Wh/yr) electricity, is produced in excess. The
excess electricity production is very high for a 100%
reliable or 0% capacity shortage system which can be
utilized by serving deferrable load. A deferrable load is the
load which can be deferred over time and can be served Fig. 6c. Optimisation Results for Capacity Shortage 20%
during the time of excess electricity production. The use of
waste electricity in deferrable load doesn‘t affect the
Copyright to IJIREEICE
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Table 1. Results for different cases of capacity shortage
hybrid system
%
Capacity
shortage
0%

NPC

Levelized
Cost

Excess
Electricity

$27,961

$.991/kwh

47.3%

10%

$22,213

$.797/kwh

21%

20%

$20,919

$.849/kwh

66.8%

Table1
shows
that
as
%Capacity Shortage
increases,system has to produce less excess electricity and
components required are less.So cost of system i.e. NPC
and levelized Cost decreases.
VI.
CONCLUSION
The solar-wind hybrid systems will be reliable systems for
residential/Institutional buildings both in urban and rural
locations in the Western Himalayan region. A system with
some acceptable capacity shortage value is more
economical.Because when capacity shortage s very
less.Almost of load is to be met by system sourcs.So
resources need to be increased and hence cost increases.
Defferable load can be served to utilize the excess
electricity produced. It is analysed that 2 kw solar system
is more cost efficient than solar-wind system because of
wind turbine cost but the idea of utilising wind energy in
off grid rural areas is also very important where sufficient
wind resource is available
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