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Abstract— The conversion of solar radiation into electrical
energy is very promising technology, being clean, silent and
reliable with very small maintenance cost and ecological
impact. But solar power is intermittent caused by weather
changes such as cloud or temperature fluctuation. Power
distributors cannot rely solar as consistent power source. The
solution is integration of energy storage system that is hybrid
energy storage system (HESS) consist of battery energy
storage system (BESS) and super capacitor energy storage
system (SESS). This system are capable of producing and
absorbing necessary power to maintain a constant power for
specific amount of time.
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I. INTRODUCTION

Solar energy has the potential to greatly increase the Earth's
longetivity by decreasing greenhouse gas emissions. To
maximize the use of solar energy, energy storage devices and
methods must be optimized. Utilizing the combination of a
battery and super capacitor we will be capable of minimizing
charge / discharge cycles of the batteries while delivering a
constant & reliable renewable power to the utility grid. The
base load of the dispatched power Will be provided using a
lead-in acid battery Bank while the peak power demands will
be compensated using a super capacitor bank.

The combination of super capacitors with lead- acid
batteries creates synergy because of the super capacitor' high
power density property allows the super- capacitor bank to
charge/discharge quickly. The lead acid battery's high energy
density property allows the battery bank to charge/discharge
at higher energy levels. The combination of the two creates
synergy because the super capacitor can be used to absorb
high frequency power components of the system demand to
provide smoother power demand on the battery bank. A
smoother power demand on the battery bank will decrease the
number of charge / discharge cycles for the battery resulting
in longer battery life.

Il. BLOCK DIAGRAM WITH DESCRIPTION.

Following components are required for building of system.
1) Solar plate

2) Charge Controller

3) Battery

4) Super capacitor

5) Inverter

6) Temperature Sensor
7) Light Sensor

8) Controller

9) LCD

10) Step Up Transformer
11) DC Load

12) AC Load
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Fig. 1: Block Diagram of solar power dispatching using
hybrid energy storage system
Components of block diagram are described below -

A. Solar Plate

Solar plate converts solar radiation or light energy into
electrical energy. Different types of solar cells use different
wavelength. The different type of solar plate available in
market such as monocrysatline, polycrysatline, silicon
carbon, concentrated PVcell,cristalline solar cell,nano crystal
solar cell. In this paper monocrystalline solar plate are used,
because high efficiency, high energy is produced. Lower
space-efficiency you generally need to cover large surface to
output the same electrical power in mono crystalline solar
panels. The efficiency rate of mono crystalline solar plate is
typically 15-20% sun power and longer life.

Criteria for material to be used in solar cell are following-

1) It must have band gap form lev to 1.8ev.

2) 2 It must have a high electrical conductivity.

3) 3 Cost of material must be low.

Advantage of solar cell is following-

1) No pollution associated with it.

2) It must have for a long life.

3) No maintenance cost.

Disadvantages of solar cell are following-

1) It has high installation cost.

2) It has low efficiency.

A solar cell connected in series connection, current
is same in each section while voltage is different. Solar cell
connected in parallel connection, voltage will be same in each
section, while current will be different A solar panel is
packaged connected assembly of photovoltaic cells. As PV
cell is exposed to sunlight some photons are absorbed by solar
cells. The energy of absorbed light is transferred to electrons
in the atoms of PV cell with their new found energy, these
electrons escape from their normal position in the atoms of
semiconductor PV material and it becomes part of electrical
flow or current, in an electrical circuit.

?3

Step up
Transformer

All rights reserved by www.ijsrd.com 329



Solar Power Dispatching using Hybrid Energy Storage System
(IJSRD/Vol. 6/Issue 02/2018/093)

Solar panel installation are following point are
considered-
— A.To calculates the no of solar panel.
— B .To calculates the rating of solar panel.
— C .To calculates the rating of batteries for solar panel
system.
— D. To calculate the backup time of batteries.
— E. To calculate the charging time for batteries.
— F.To calculate charging current for batteries
— G .To calculates the rating of charge controller.

B. Charge Controller

Solar charge controller manages the power going into the
battery bank from the solar array. It ensure that the deep cycle
batteries are not overcharged during the day and that the
power dose not run backward to the solar panels overnight &
drain the batteries. Solar charge controller regulate the energy
flowing from pv array & transfer it directly to the batteries as
a DC coupled system which is most efficient & effective
manner. The main component of this Charger controller
circuit is a 555 timer which compares the voltage in the
battery. It turns ON the charger if the battery voltage is below
the variable preset voltage (12 volt chosen here) and turns
OFF the charger if the voltage reaches 13.8 volt. The battery
charging voltage of the charger can be varied by adjusting the
variable resistor.

Component of charge controller shown in following fig 2.

1) IC555

2) Transistor BC548

3) Diode(1N4007)

4) Zener diode(5.1v)

5) LED

6) Capacitor(4700p,25v)

7) Resistor(10W)

8) Variable resistor(10k)

9) Relayl2v,10A

10) 1C 7815

Fig. 2: Cricuit diagram of charge controller

C. Working

Positive terminal of the upper comparator of 555 is
connected with reference voltage in order to turn OFF the
charger if the battery charges above 13.8V.Reference voltage
is obtained by connecting a zener diode in series with a
resistor. If the battery voltage is greater than 13.8V,
comparator output goes high and flip flop will be set. This
turns OFF the transistor and the relay if the battery voltage is
below the preset voltage (set by us), lower comparator will
reset the flip flop. This turns ON the transistor and the relay
will switch to charge the battery. The recharge voltage (preset

voltage) can set by varying the variable resistor. Power ON is
indicated by a red LED and charger ON status is indicated by
agreen LED.

D. Battery

A battery is electrochemical cell (or enclosed or protected
material) that can be charged electrically to provide static
potential for power or released charged when needed. Battery
store energy being produced by given generating source and
when this source is unavailable energy can be used by load.
The inclusion of storage in any energy generating system will
increase the availability of the energy.

Types of battery-

1) Nickel Metal Hydride

2) Lead acid

3) Lithiumion

4) Lithium ion polymer

E. Super Capacitor

A supercapacitor is an electrochemical capacitor that has a

very high energy density as compared to common capacitors,

about 100 times greater. Supercapacitor is also known as

Electric Double Layer Capacitor (EDLC) or Ultracapacitor.

Supercapacitors can be used widely because of their long life

& short charging time. Supercapacitor are energy storage

having similar with both batteries and conventional capacitor.

Unlike batteries, supercapacitor store electrical energy, not

chemical energy. Unlike SC’s containing moving iron. On the

other hand it has limitations due to its high cost, self-

discharge, packaging problems etc.

Important characteristics of super capacitor-

1) Supercapacitor can fully charge and discharged in
second.

2) SC’s have very low densities vs batteries.

3) SC’s have very high self-discharged.

Conventional capacitor ECDL capacitor
Dielectric Electrolte Separator
9 C=sad
ot VTR W=12 CU
P=UMR
Electrodes
Current Colleotors

Fig. 3: construction of conventional and ECDL capacitor
In fig 3 shows the Conventional capacitor has a solid
dielectric and current collectors smooth.
Super capacitor has rough electrode surfaces and

liquid dielectric.
Discharged supercapacitor

Charged supercapacitor

negatlvely charged ion
Electrolvte posltively charged ion

Current collectors

Separator Carbon electrod

Fig. 4: Working of super capacitor

All rights reserved by www.ijsrd.com 330



Solar Power Dispatching using Hybrid Energy Storage System
(IJSRD/Vol. 6/Issue 02/2018/093)

In fig 4 shows the in discharged state all the ions are
distributed within the cell. In charged state all the positive
ions travel to the negative terminal anode vice versa. The
higher the carbon electrode surface area is the higher the cell
capacitance.

Advantages of super capacitor are following-
1) High energy storage.

2) Wide working temperature (-40°C-60°C)
3) Eco-friendly

4) Maximum life time.

5) High cycle efficiency.

6) Quick charging time.

Disadvantage of super capacitor are following-
1) Low energy density.

2) High cost.

3) High self-discharge rate.

4) Cannot be used for AC and high frequency circuit.

Lead Super Conventional
Parameter Acid ca aréitor capacitor
Battery P P
Charge time 1-5hrs 0.3-30s | 10"-3to10/-6
Discharge time ??h?;s 0.3-30s | 10"-3to10”-6
Energy(Wh/kg) 10-100 1-10 <0.1
Cycle life 1000 | >500,000 >500,000
Specific
power(W/kg) <1000 | <10,000 <100,000
Charge/discharge 0.7-
Efficiency 0.5 | 0:850.98 >0.98

Fig. 5: Comparsion of super capacitor, battery and capacitor.

F. Inverter

A solar power inverter helps in converting direct current into
alternating current with the help of solar power. Solar panels
produce direct electricity with the help of electrons that are
moving from negative to positive direction. Most of the
appliances that we used at home work on alternating current.
This ac is created by constant back and forth of electrons from
negative.
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Fig. 6: circuit diagram of inverter

In fig 6 shows an inverter operates the inverse
process of a rectifier. The input source of the invertors can be
battery, fuel cell, solar cell or other type of dc source. The
output of the inverter has square waveform due to the
switching pattern. In order to obtain a pure sine wave signal.
The filter is used to reduced harmonic content .The inverter
is built form two-bridge inverter which consists of 4 IBGT’ s

as switching devices connected in form of a bridge. There are
various techniques to vary the inverter output wave form. In
SPWM method, the amplitude of the inverter output voltage
is determined by comparing a sinusoidal reference wave form
with triangular wave form knows as modulation index (m).

G. Temperature sensor circuit

The ambient temperature sensor IC is detected using the IC
are sensitive to temperature, then temperature is converted
into voltage by a circuit in the IC, where the temperature
change is proportional to the change in output voltage. The
LM35 temperature sensor temperature range of distance, -
55°C to 150°C capable of operating between 4V to 30V.

H. Intensity of light sensor

LDR sensor function to receive the intensity of light received
from the sun. LDR resistance will change with change in light
intensity about it. LDR resistance is dark about 10 M-ohm
and the lucidity of 1 k-ohm or less. LDR is made from
semiconductor material such as cadmium sulfide. With this
material the energy of light that falls cause more load is
electric current is increase.

I. Step up Transformer

A step up transformer is direct opposite of a step down
transformer. There are many turns on the secondary winding
than in primary winding in the step up transformer. The
voltage applied in the secondary winding is greater than the
supply voltage across primary winding. A transformer is
made of soft iron coil with two other coils wound around it
but not connected each other. The iron coils can be either
arranged on top of another wound on the separate limb of the
iron core.

I1l. WORKING OF BLOCK DIAGRAM.

Solar power is cleanest most reliable form of renewable
energy available and it can be used in several forms to help
power to your home. Solar powered photovoltaic panels
collect solar radiation & convert this sun rays into electricity
by exciting electrons in silicon cells using photons of light
from sun. This electricity can be used to supply renewable
energy. A maximum power point tracker is an electronic dc
to dc converter that optimizes the match between the solar
array and the battery bank. They convert higher voltage DC
output from solar panels down to lower voltage needed to
charge battery.

A charge controller regulates voltage & current
coming from solar panels the charge controller looks at the
output of panels & compares it to battery voltage. The power
that the panels can put out to charge the battery. it takes this
& convert it to best voltage to get amps into the battery.
MPPT are around 93-975% efficient in the conversion.
Inverter converts direct current output into alternating current
for injecting into an electrical power grid. In order to inject
electrical power efficiently & safely into the grid, inverters
must accurately match the voltage & phase of the grid sine
wave ac waveform.

However supplying reactive power to the grid might
be necessary to keep the voltage in local grid inside allowed
limitations. The setup transformer converts low voltage high
current to high voltage low current. Normally 12V/230V in
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our electric powered feature, when we need to store & release
large amount of electricity very quickly, it’s quite likely we
shall turn to super capacitor. It has less weight, generally do
not contain harmful chemicals & toxic metals & they can be
charged & discharged fast. Super capacitor store more energy
than ordinary capacitor by creating very thin double layer of
charge between two plates.

Here we use different sensors to display information
on LCD. We use light sensor, the resistance of LDR changes
with the change in daylight intensity. They detect light
density. LM35 is basic temperature sensor that gives reading
in degree Celsius since its output voltage is linearly
proportional to temperature.

The capability of the SESS to charge and discharge
at high frequency in the HESS that enables the BESS to
undergo fewer charge/discharge cycles. Reducing the number
of charge/discharge cycles and the magnitude of power with
respect to the battery bank’s power ratings will prolong the
lives of the lead acid battery bank. This combination of the
BESS and the SESS to create an HESS to dispatch solar
energy from a solar at a set power for one-hour duration is a
novel integration.

IV. ADVANTAGES

1) Extracting the maximum power form the PV panels.

2) Suitable task sharing between battery and Sc.

3) There is a significant reduction in charge/discharge
current rate, which lead to a longer lifetime and permit a
reduction in size of the battery.

4) The energy and heat from the sun is free and unlimited.

5) Solar power is non- polluting. Solar power usage does
not emit any greenhouse gases or harmful waste.

6) Super capacitor have unlimited cycle life, as compared
to the electrochemical battery, they are not subject to
wear.

7) Super capacitors have quick charging time.

V. APPLICATION

1) Smart Grid.

2) Smart Houses.

3) Mobile phone charger.
4) Electrical Vehicle.

VI. FUTURE SCOPE

For industrial growth and economic progress, utilization of
abundant renewable energy resources. National level mission
focuses to transform India ruler economy through the spread
of solar lighting system. Renewable energy is most efficient
way to make a nation self-sufficient & independent. By
reducing cost & improve the technology solar energy ensure
the reduced electricity bill, enhance sustainability & reduce
pollution. Lower the cost of mitigation of global warming, &
keep fossil fuel prize less than other wise.

VII. CONCLUSION

Successful dispatching will be achieve by optimizing size of
BESS and SESS, so constant power can be provided to the
load without any fluctuation by using HESS . The load on
non-renewable source is reduces. The BESS can be achieved

the less efficiency of system, but advanced technique used
such as HESS this can be improve efficiency of system and
reducing the charge- discharge cycle of battery it will prolong
the life of battery.
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