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Abstract-- Power generation in this era is considered to be
one of the most challenging aspects due to severe energy
crisis, which has forced to develop new and alternative
methods of power generation. Hybrid energy systems are the
one amongst many solutions that are being considered
implicitly for the production of cleaner, cheaper and reliable
source for energy. Since these energy systems particularly
involves the combination of two or more renewable energy
sources; naturally the efficiency of energy conversion, cost of
production and reliability over the conventional resources
comes into the picture.
The paper investigates and focuses on different hybrid
systems, their working, performance parameters and cost
involved in power generation. It also underlines the benefits
and philosophy of renewable energy coupled with hydrogen
energy resources, to provide a viable solution for
uninterrupted power supply as well as reduce the greenhouse
effect. This initiative becomes the yardstick in energy
production sector, which helps to meet the deficiency of
electric power in peak load conditions and finally meet the
objectives of sustainable development.
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I.
Introduction
India is a country where about 96% of the villages are
electrified out of which about 69% of the homes actually
receive power. In other words about 72% of the existing rural
households are still unpowered [1].This scenario could be due
to the features of rural populations, which are disperse and
remote, have small incomes and whose electric consumption is
low. In this situation extension of power grids is either
complex or too expensive [2].Production of clean, cheaper and
continuous power to meet the demand of domestic and
industrial houses is significantly important for developing
countries like India to maintain GDP growth as well as to
become a superpower [3].
In addition to this the conventional energy resources are
considered as the major component responsible for
atmospheric heating. Secondly, it also has issues related with
fossil combustion technologies include acid rain, unequal
distribution of resources and resource depletion [4].
In this situation, hybrid energy systems provide a satisfactory
solution to the above-mentioned problems as hybrid power is
pollution free, reduces the use of fossil fuel and also avoids the
long range transmission losses. It also discourages the lack of
IJER@2017

electrification in some regions and non-sustainability of fuel
based generation [6].
II.
Hybrid Energy Systems
Hybrid energy system is generally considered as the
technology that collaborates two or more renewable energy
sources to provide a more efficient and cleaner way of
providing an uninterrupted power supply [5].Another
definition would enlighten hybrid system as the renewable
power generation technology consisting of solar, wind,
biomass, and biodiesel which satisfies today’s energy demand
and avoid the need of long distribution infrastructure [6]. In
this paper, photovoltaic, wind and hydrogen based hybrid
energy system is taken for the purpose of study.
When the non-conventional energy resources are considered
for the purpose of electrification solar and wind energy
resources do have advantages over other non-conventional
energy resources also the availability of these in Indian
subcontinent is vast and could be used without much energy
tapping [7].
A. Solar/PV Energy
Solar energy is considered as the cleanest form of energy as it
doesn’t have any by-products i.e. it is pollution free it has low
maintenance and high reliability.
The Indian subcontinent is tapped with a capacity of solar
power generation of about 749 GW while the solar output that
we get at present is less than one percent of the total [7]. This
provides a clear knowledge that only solar power is not enough
to produce the required amount of energy for medium load
standalone systems as a result there is a requirement of
additional system modification.
B. Wind Energy
The wind is a dynamic form of energy that is extracted from
wind caused due to uneven heating of the atmosphere. This
form of energy is less polluting, more efficient and reliable [8].
But the main disadvantage of this form is that winds can never
be predicted. In areas where wind doesn’t blow reliably or
winds strength is too low to support wind turbine. Thus there
is a need of additional system modifications that needs to be
think of to make this more effective and reliable.
C. Hydrogen Energy
Hydrogen is considered as both energy storage medium and a
fuel in this scenario. Hydrogen has a lot of advantages over
battery storage systems [9] the batteries have their own
limitations such as discharge rate, charging time, idle
discharge, etc. [9]. Considering this as a flaw in hybrid system
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We use hydrogen as an energy storage rather than using
batteries and use this for power generation.
From the above three sections it becomes clear that all the
three types of systems face some or the other kind of
limitations that effect the overall system. May it be the
efficiency of energy conversion in case of photovoltaic
systems or the availability of the wind in case of wind energy
systems? In this paper we propose the Hybrid system that can
use both these energy systems simultaneously or using any one
system and keeping the other idle. This gives a more stable
reliable and efficient system and limits the disadvantages of
any single individual system.
III.

Design of PV-Wind based Hybrid Energy
System.
To design any kind of system various data’s need to analysed
and summarised in order to provide an optimum solution to the
given problem.
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Conventional energy resource unbalance is the most important
reason why a hybrid energy supply system is being installed.
The PV-wind-hydrogen hybrid system suits to conditions
where sunlight and wind has seasonal shifts [12]. As the wind
does not blow throughout the day and the sun does not shine
for the entire day, using a single source will not be a suitable
choice. A hybrid arrangement of combining the power
harnessed from both the wind and the sun and stored in form
of hydrogen can be a much more reliable and realistic power
source. The load can still be powered using the stored energy
in the hydrogen even when there is no sun or wind. Hybrid
systems are usually built for design of systems with lowest
possible cost and also with maximum reliability. The high cost
of solar PV cells makes it less competent for larger capacity
designs. The below given figure shows a block diagram of a
PV-Wind-Hydrogen hybrid system with its system component
being discussed in later sections of this paper.

The PV-Wind-Hydrogen based Hybrid energy system
constitutes a PV array and a wind Turbine along the power
generation side. These system produce an uninterrupted power
at optimum conditions irrespective of the human intervention
[9]. These type of power generation units give an uncontrolled
output i.e. the output of a PV array could not be controlled and
relies directly on the intensity of the light radiation. The below
given curve clearly illuminates on how the power generation
depends on the intensity of light in case of a solar cell.

Fig.3. Block Diagram
IV.

Implementation
Energy System.

of

Hybrid

Fig.1. Typical Light intensity vs Voc Curve
Similarly, the wind flow could not be controlled and the
amount of power generated depends directly on the wind flow
rate [10].The below givencurve clearly illuminates on how the
power generation depends on the wind speed in case of a wind
turbine.

A. Photovoltaic solar power
Solar arrays a device consisting of solar cells that convert solar
energy into the electrical energy. Solar cell can convert the
energy directly. PV (Photo-voltaic) cells are made up of
semiconductor materials as used in the computer technologies.
Solar radiations are absorbed with this material and electrons
are emitted from the atoms .This release activates a current.
PV is known to be a process between radiation absorbed and
the electricity induced. Solar power is converted into the
electricity by a common phenomenon so called photo electric
effect. The solar cell array or panel consists of an appropriate
number of solar cell modules connected in series or parallel
based on the required power output [12]. It is observed that a
typical PV cell can produce a potential difference of around
0.5 to 0.8 volts depending on the type of semiconductor and
the built-up technology [13]. Under peak sunlight conditions a
typical commercial PV cell with a surface area of about 25
square inches will produce about 2 watts peak power [14].

Fig.2. Typical wind turbine power O/P with wind speed.
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F. DC/AC Converter
The DC/AC converter is nothing but an inverter. The inverter
chosen for this purpose is generally greater than the desired
rating. An inverter is required to convert DC power into AC
supply. As our load working on the AC supply so we need to
convert DC power. The input voltage Output voltage and
frequency, and overall power handling depends on the design
of the specific device [13].

Fig.4. Structure of a PV cell
B. Wind Power
The wind energy is a non-conventional source of energy. Wind
turbines are used to convert the wind power into electricity.
Electric generator inside the turbine converts the mechanical
power into the electric power. Wind turbine systems are
available ranging from 50W to 3-4 MW [15]. The energy
production by wind turbines depends on the wind speed acting
on the turbine. Wind power is able to feed both energy
production and demand in the rural areas. It is used to run a
windmill which in turn drives a wind generator or wind turbine
to produce electricity [15].
C. Electrolyser
An electrolyser is a thermodynamics based equipment used to
produce and utilize hydrogen through the electrolysis of water.
With the help of an electrolyser, one can create hydrogen and
oxygen from a pure water supply and electrical supply. The
electrolyser’s membrane and catalysts work to take advantage
of an electrochemical reaction in order to separate the oxygen
and hydrogen molecules of water. Hydrogen can then be
utilized to power a fuel cell stack [16].
D. Hydrogen Storage
This is an important part of the hybrid energy system as this
part is responsible for pressurised storage of hydrogen
produced using an electrolyser. There must be an optimum
storage cylinders used for H2 storage so that it could carry the
fuel effectively without any damage to both the surroundings
and human life. Underground hydrogen storage is a useful
method both safe and reliable to provide energy storage for
hybrid energy technologies that couple wind and solar power
compressed hydrogen is a storage form where hydrogen gas is
kept under pressures to increase the storage density.
Compressed hydrogen in hydrogen tanks at 350 bar (5,000 psi)
and 700 bar (10,000 psi) is used for hydrogen tank systems.
E. Fuel Cell
A fuel cell is a device that works on the principles of chemical
thermodynamics and is used for electricity production using
hydrogen. Every fuel cell has an anode, cathode and a proton
exchange membrane sandwiched in between. Hydrogen, from
the storage cylinders, enters into the anode part of the fuel cell.
Oxygen, from the air, enters the cathode part. As the hydrogen
molecule encounters the membrane, a catalyst forces it to split
into electron and proton. The proton moves through the fuel
cell stack and the electron follows an external circuit,
delivering current to the electric motor and other vehicle
components. At the cathode side, the proton and electron join
again, and then combine with oxygen to form water [16]. This
gives an electrical output which is then provided to a step-up
Transformer having a secondary voltage output of 240 V.
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Thus, the solar-wind-hydrogen hybrid energy systems require
an initial high investment and is expected to compete well in
coming generation. The cost of the system depends solely on
the type of system chosen, wind resource on the site, electric
costs in the area, and the hydrogen fuel required. The cost of
the Solar-Wind-hydrogen hybrid system is to be minimized for
which we need to increase the use of non-conventional energy
sources. So that production of solar and wind power generator
will be increase. That will reduce cost of the whole system.
V.
Conclusion
Hybrid renewable energy source is increasingly becoming
popular because it is consists of two or more renewable energy
sources with a good output efficiency. It has a huge scope for
the non-electrified rural population in a country like India
where the extension of the grid is not possible since the
connections involved are neither economically feasible, nor
encouraged by the main actors. The combination of two or
more renewable energy sources for uninterrupted power is an
efficient way of generating energy. Hybrid energy systems
must be used in remote rural areas for power generation. The
use of hybrid energy systems can optimize the power supply
especially in rural areas. However it is still considered
expensive and difficult to couple more than two types of
energy resources together. This onetime expense can be of
many uses to people living in remote areas. It also has a long
life span, it is good, reliable and affordable solution for
electricity generation.
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