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ABSTRACT 
Energy and its consumption is the primary concern of today’s domestic and industrial 
applications. So the primary concern and discussion of this paper would be about optimization 
mainly of renewable energy resources. To concentrate on solar and wind energy, the power 
output due to each source of energy is a variable in different parts of the day as well at different 
parts of the world. The primary objective of this project would be to tap and store energy from 
each source during its peak and low periods. The sum due to all energies at different intervals 
can be optimized to give desired output. Considering different Indian eco conditions for 
consideration, for example places like Rajasthan with large open spaces and having high solar 
luminescence and places having high wind power, large amounts of solar and wind energy can 
be tapped and stored. On the contrary places in extreme North like Kashmir having mostly 
snowfall and having less solar luminescence also. The storage energy is thus designed to take 
energy input from different sources of renewable energy making it a hybrid system. The stored 
energy can be connected to suitable electrical devices. For places like Rajasthan even large 
electrical devices like elevators and high power motors for agricultural needs can also be 
connected to draw power. But in places of low power output, devices like led lamps or small 
domestic appliances can be connected. Hence, suitable extraction and energy auditing 
considering the total power consumption of that area based on factors like population, industry, 
would be the overview of this research. 

Key Words : Optimization, Luminescence, Solar and wind energy auditing, Hybrid, 
Renewable energy 

 
INTRODUCTION 

The main concern of today’s world is the need 
for energy. We have been constantly depending 
mostly on non renewable energy resources like 
fossil fuels to generate electricity to meet the 
power demand.1 As we all know that it is not a 
sustainable nor an eco friendly practice, it 
should be of our main aim and focus on 
alternative energy resources. These resources 
should be of renewable, sustainable, clean 
energy. Such technology is required to create 
another route to achieve and meet power 
demand. Various such initiatives have already 
been taken, such as tapping energy from 
sunlight, bio mass, hydal, wind, tidal and so on.2 
Here at RVCE campus we have taken up the 
initiative with this  regard to develop a hybrid  

energy source switching solar system3. As we 
know that the solar radiation is not constant 
throughout the day and having a single solar 
panel system as source of energy will not be 
very efficient as it may not give constant 
output throughout the day. Hence, this system 
acts as a an automatic hybrid switch and 
storage system, which switches between solar 
energy when solar output is high and when it 
drops it automatically switches to electric 
power mains supply. The energy is being 
stored continuously and the output to the load 
is switched based on the solar power input at 
any instant in that day.  
This in fact increases efficiency and brings 
down the usage of raw electric power 
throughout the day. To overcome the problem 
of fluctuating power output, the solution would  *Author for correspondence 
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be to incorporate a storage device in between 
to overcome fluctuations to give smooth 
output. Hence, a hybrid dc-dc converter or a 
two way power flow system with flexible 
control is used to achieve this goal to improve 
power utilization efficiency. 
Working of solar panel 
The device in which the photons in the sun rays 
are transformed to electrical energy is called as 
solar cell. Here, the current thus generated is in 
form of Direct Current (DC). This technology is 
termed as Solar Photo Voltaics (SPV)4. Here a 
typical representing figure of a solar cell is 
shown in Fig. 1. This thin wafer consists of a 
pentavanlent impurity doped silicon(Si) , which 
makes it n-type which is layered on a p-type 
thick layer which is silicon doped with a trivalent 
impurity such as Boron. This generates an 
electric field due to difference is potential, at this 
junction of two layers called the P-N junction. 
When   a   photon   is    incident  on this layer, the  

energy associated with photon (E=hv) is 
transferred to the electrons in this layer. Hence, it 
gains energy and drawn toward the n-side. Then, 
similarly the positives move towards the p-side. 
Therefore there will be more electrons in n side 
and positives in the p-side. This in turn will give 
higher flow of current. Hence, radiation energy is 
converted to electrical current. This is known as 
photo-voltaic effect. 
Use of crystalline silicon technology 
As we know silicon has been used as a basic 
material for most of the semiconductor 
technologies, here our first choice is Si-crystal 
for development of solar cells. This has also 
given development of stable solar cells up to 
an efficiency of 20%. 
There are two types of solar cell used, 
incorporating crystalline silicon in the 
industries : 
 Mono crystalline type 
 Multi crystalline type 

 

 
Fig. 1 : Photovoltaic electrode system 

Conversion and storage 
The next step would be to store the electricity 
thus generated. As and when the electricity is 
generated the power is stored in a battery 
which is connected to the panel. This battery is 
in turn connected to the load through the two 
way DC-DC converter which is also 
networked to the main power supply. 
Usually the systems installed uses lithium iron 
phosphate batteries which are generally 
considered a long-life battery and have a very 
constant discharge voltage. This improves the 
battery capacity and hence there is a slower 
rate of capacity loss meaning it will last longer 
than other forms of lithium ion batteries. The 

lithium iron phosphate batteries have a life of 
approximately 2,000 cycles (the number of 
times the battery is full discharged). Based on 
a rate of 365 cycles per year, as the batteries 
are discharged daily at the badminton hall, it is 
likely the batteries will last at least five and a 
half years. 
The control equipment allows the batteries to 
discharge down to 30 per cent of their 
capacity. This will likely extend the life 
beyond the five and a half years, but other 
factors such as ambient room temperature, the 
amount of time the battery remains fully 
charged and the number of discharges all act to 
vary the actual life-span of the battery. The 
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warranty on the batteries is 5-8 years, which is 
consistent with the information above. 
Depending on the change in technology, it is not 
known if the batteries can be simply replaced or 
an entire system must be re-installed. 
The conversion efficiency (n) 
Several cells are connected in series or parallel as 
per requirement into the form of modules. The 
light falls on cells and it converts a fraction of 
light falling into electricity. Similarly, module 
will also convert fraction of energy into electrical 
energy. So, the conversion efficiency of modules 
is always less than solar cells5. All solar cells 
used in PV modules may not be perfectly 
identical, so there is different in electricity 
generation. Secondly, area of modules is large 
than the size of number of cells and there is 
spacing also between the cells, but generally in 
calculations the spacing basis is not neglected so 
there is difference in calculation of electricity 
generated on summation of individual cell 
voltage to the voltage generated by the module as 
a whole. 

MATERIAL AND METHODS 
Energy audit survey of campus 
This method comprises of a three step process, 
which are : 
Collection of data 
In this phase of collecting the primary data, tasks 
such as observation, interviewing key persons, 
and measurements were done. 
Analysis of data  
Then the data thus collected was analyzed 
carefully considering all the parameters. This 
analyzed  data   was   used   in constructing some  

pictorial graphical representations (Fig. 2). 
Recommendation  
Later considering the analyzed data structures, 
some measures were taken to reduce power 
consumption without causing any effect to 
satisfaction and necessary demands which were 
recommended with the cost analysis report also. 
Looking in existing phases, overall the work 
should be approached in following way for 
accurate data representation : 
Utility data of the building has been analyzed 
(Fig. 2), which includes the equipment which 
have been installed and energy bills. The walk in 
data survey of the real time operations is taken. 
The interaction and behavior of the building with 
respect to weather conditions, schedules of 
occupancy and operations needs to be checked. 
The selection and the evaluation of energy 
conservation measures and finally the estimation 
of energy saving potential in campus are done. 
The supply works at a power factor of 0.9. The 
maximum demand of college is 525 kVA. But, it 
can be seen that in month of April and May it is 
more than 550 kVA because of the excess use of 
fans and AC’s. But the BESCOM supply 
provides not more than 525KVA according to 
the contract. 
Our campus has a solar generation of 10KW 
which can be further increased to required 
amount by installing it at roof tops of other 
buildings also. 
Street lights can be equipped with solar array 
panel to operate it at no extra cost. 
Geysers can also be replaced by solar water 
heaters.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Power demand- chart 
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RESULTS AND DISCUSISON 
Overview of general surveys 
Peak solar radiation hours  
The number of high radiation hours per day at 
any given place or location is the equivalent 
number of hours at peak radiation environmental 
conditions (i.e., at 1 kW/m2) that produces the 
equal total insolation as the non virtual solar 
conditions. Fig. 3 below shows how Peak 
Radiation Hours is determined by plotting a 
graph having the same area under the graph as 
that for the actual irradiance graph versus time. 
Peak sun hours (Source: Photovoltaic system 
design   manual)   Hourly solar radiation monthly  

data of a Typical Meteorological Year (TMY) 
data is the result of statistical analysis of 
SOLMET (Solar and Meteorological) weather 
data for past years. The TMY comprises of 
selection of each of the twelve months in a year, 
such that is depicts the mean of that month’s data 
for the past year data. The TMY is, therefore, 
representative months-composite method which 
is selected from different years. For example, 
taking January as a representative month. Every 
January month of previous years is compared 
with the mean of all years (January month) and 
the one nearest to the mean is taken into account. 
The selection is weighted 50% on solar 
irradiance. 

 

 
Fig. 3 : Graph of irradiance in a day 

If we consider the solar irradiance in different 
types of days be it like cloudy or sunny, the 
output of such a typical solar panel device 
would vary with it. So, we need to make 

suitable to adjustments to ensure smooth 
supply of power irrespective of such natural 
variation. A typical example graph of the 
irradiance is shown below in Fig. 4 and Fig. 5. 

 
Fig. 4 : Graph of mostly clear day 

  
Time. Hour 

So
la

r 
Ir

ra
di

an
ce

, w
/m

2  

             Time of day 

Ir
ra

di
an

ce
 (k

W
/m

2 ) 

Ir
ra

di
an

ce
 (k

W
/m

2 ) 

Equivalent Time (hour) 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                   J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol.11 No. 01, July-September 2016 

192 
 

 

 

 

 

 

 

 

 

  
Fig. 5 : Graph of mostly cloudy day 

Two way DC-DC converter 
Majority of two way dc to dc general 
representative circuit is classified by current 
which is fed to the bridge on the side having 
lower voltage and fed to the voltage bridge on 
the side having high voltage6. A magnetic 
compound unit is placed which acts as both a 
transformer and storage unit, between the high 
and low voltage sections for electrical 
insulation. For realization of the two way 
power flow in two way dc-dc converting 
devices, the switch of the cell is so designed to 
facilitate flow of current two directions also7. 
Mostly incorporated in unidirectional 
semiconductor power switching units such as 
power MOSFET or IGBT which is in parallel 
with a diode mostly as flow in both directions 
is unavailable. 
An isolated two way DC-DC converter 
Isolated dc-dc converter incorporates high 
frequency transformers which is a safety 
measure, as it insulates high and low energy 
regions. The minor topology can be a half 
bridge, full bridge, a push-pull type or their 

combinational improvisations. In this operation 
of circuit includes the usage of the inductance 
leakage of the high frequency transformer as 
the device which both stores and transfers 
energy between two isolated regions. To 
increase efficiency half bridge type has also 
been developed and number of devices. Rather 
an additional control circuit is also in general 
included to eliminate voltage mismatch or 
imbalance between split capacitors, hence full 
bridge topologies are considered as best choice 
for the same (Fig. 6). 
Generic or coventional methodology8 
In isolated two way full bridge dc-dc 
converter, leakage of transformer inducta- 
nces causes very high voltage transcend-
dences across switches of the bridge because 
of nature of feeding of the current; this 
indirectly stresses the switching system and 
decreases the system reliability.9-13 To 
eliminate this problem common methods 
such as RCD passive snubber (Fig. 7) and 
clamping circuits (Fig. 8) shown in the 
figures. 

 
Fig. 6 : Block diagram of proposed system 
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Fig. 7 : Isolated bidirectional full bridge DC-DC converter with RCD passive snubbers

 
Fig. 8 : Isolated bidirectional full bridge DC-DC converter with active clamping circuit 

 IN BOOST MODE-A two way converter 
operates in boost or buck modes of 
operation. 

 M1-M4 switches are controlled and M5-M8 
are used as rectifiers. 

 IN BUCK MODE- the reverse the switches 
exchange their functions. 

CONCLUSION 
Energy demands and supply may not be 
constant all the time, we need to tap more into 
renewable energy sources. So we have 
observed from the above discussion that the 
solar energy hybrid system is a plausible 
solution and an aid to toggle between the solar 
and raw electric power supply. It also increases 
the efficiency of power utilization through its 
automatic switching technique. More 
importantly this gives an impetus to design 
such hybrid systems with various other types 
of renewable energy resources which would 
prove to have great future scope. A close 
survey of power consumption of a given area 
gives the requirement of power at any instant 
of time. This survey   has been made use of to 
estimate  

the efficiency of the power systems required. 
This also talks about the sufficiency of solar 
power during different intervals of the day. 
Hence, requires less raw power for 
functioning. 
Thus this hybrid power system can be used for 
more efficiency, more utilization of renewable 
energy and also to toggle between them based 
on the environmental conditions using the DC-
DC converter systems. 
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