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Abstract

A hybrid design of a battery charging system and its implementation has been explained in this
paper. The system has been designed based on a novel algorithm to couple existing solar PV
charging and utility supply charging systems. The algorithm has been programmed in a
Microcontroller that senses the battery voltage and generates appropriate commands to operate a
relay that controls the utility grid supply availability by connecting or disconnecting it to the
Uninterrupted Power Supply (UPS) system through which the battery is charged. Besides the
utility grid supply charging, solar PV also charges the battery whenever it is available through a
charge controller. This system ensures continuous power supply and faster charging of the
battery. Residential backup UPS systems serve as an alternate power source for utility grid
supply where storage system plays a vital role. These storage systems need a minimum of two
hours of uninterrupted power supply from the utility grid for charging. As this is a rare
possibility, solar energy is used to charge these systems. Existing methods are based on
charging systems which use either solar power or utility grid supply as a source but an efficient
hybrid system that can utilize both solar power and utility grid supply is a necessity when there
is intermittent power supply. In this project the hybrid Solar Charging Power System simulation
will be implemented and verified by MATLAB/SIMULINK.
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| INTRODUCTION

India, a country which has one of the world's fastest growing energy markets, has been
predominantly using fossil fuels in electricity generation. Almost 70% of India's energy
generation capacity is made up of fossil fuels. Over the past few decades, though the fossil fuels
have been powering the country, their diverse demerits such as green house gas emission,
environmental pollution and their limited availability is forcing India to explore energy
alternatives. Hence to meet the growing energy demands, India has planned to expand its
renewable energy market. India currently has an installed generation capacity of 26GW and it
has also proposed to generate approximately 41.8GW of power by 2017 from various renewable
energy sources. This would also bring down the use of coal and petroleum to approximately
57% by 2022. This helped India's electricity sector hold a position among the world's most
active players in renewable energy utilization. Despite India's efforts in attaining energy
sufficiency, the country is still facing a significant amount of energy deficit. During the period
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2012-13, the total deficit of peak power in India was 9% of the total demand and the southern
regional grid had a maximum deficit of 18.5%. Tamil Nadu, India, had a peak demand deficit of
13.2%. This is evident from the scheduled load shedding for at least 3 hours a day in urban and
rural areas of the state and 40% load shedding for commercial consumers, leading to
intermittent power supply throughout the state. As a measure to better the situation, the State
Government of Tamil Nadu, India has enacted appropriate policies and has envisioned adding
3000MW of solar capacity by 2015. Residential backup UPS systems serve as an alternate
power source for utility grid supply where storage system plays a vital role. These storage
systems need a minimum of two hours of uninterrupted power supply from the utility grid for
charging. As this is a rare possibility, solar energy is used to charge these systems. Existing
methods are based on charging systems which use either solar power or utility grid supply as a
source but an efficient hybrid system that can utilize both solar power and utility grid supply is
a necessity when there is intermittent power supply.

1. HYBRID SOLAR POWER SYETRMS

A purely solar power solution for general lighting load is very expensive as far as initial
investment is concerned. Also, due to frequent power failure, a regular battery backup UPS /
INVERTER barely gets time to charge the battery from mains. The Hybrid Version combines
solar energy and mains utility to give an excellent solution by providing the best of both worlds.
Our hybrid solar inverters are designed with extreme flexibility so that you can add panels as
and when required in the future to increase the percentage sharing of solar power.

You are assured of uninterrupted supply, even during frequent and long power failures. More
importantly, you get to use Green Power and in turn help maintain a pollution-free environment.
The Solar Inverter comes with the choice of charging of batteries by both solar as well as mains
utility (Hybrid Solar Inverter), with automatic change over from mains to battery and from
battery to mains like a regular inverter. It employs an inverter circuitry, two-level battery
charging from mains, Solar Charge Controller ie. MPPT and fast change over mechanism
during power failure and resumption.

I11.  PROPOSED HYBRID SOLAR POWER SYSTEMS
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Fig 1: Functional Block Diagram
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The hybrid system makes use of both the solar power and utility grid supply to charge the
battery. When these thresholds are met, appropriate commands to switch the relay accordingly,
allowing solar power and/or utility grid supply to charge the battery. The threshold values are
set in terms of the percentage of battery charge or the battery voltage levels. The 12V solar
tubular battery used in this design can be charged to a maximum voltage level of 14.5V and can
retain a voltage level of 10.5V when fully discharged. The threshold level has been set at 80%
of the battery voltage for the range of 10.5V to 14.5V. The charging of the battery can be
divided into two stages based on the preset threshold value.

Stage 1: 0% - 80%:

This stage denotes the charging of the battery to 80% of the maximum voltage level from the
fully discharged state. The battery voltage level is constantly measured using a voltage sensing
circuit has been programmed such that when the battery voltage level goes below 13.7V which
corresponds to 80% of the maximum level, it generates a command to switch the relay from
normally open state to normally closed state allowing the battery to charge from the solar PV
and utility grid supply simultaneously.

Stage 2: 80% - 100%:

When the battery is charged up to 80% of its maximum voltage level, generates commands to
switch the relay back to normally closed state and block the utility grid supply. At this stage, the
battery is charged only from the solar PV. In the charging current - time characteristics, it can be
seen that at around 11:30 am to 11:50 am, when the charging current reaches 10.2A, it
suddenly drops down to 3.5A indicating that the battery voltage level has reached 13.7V i.e.,
80% of the maximum voltage level and the utility grid supply has been blocked. From here on
only solar power is used till the battery charges up to 100% voltage level i.e., 14.5V.

OFFLINE UPS MODE:

During offline Ups mode they are using solar supply system it converts mechanical energy into
electrical energy and it is connected to the mppt. Mppt as Maximum Power Point Tracking it is
used to convert a higher voltage Dc output from solar panels down to the lower voltage needed
to charged the battery means switch the relay3 from normally open state to normally closed
state allowing the battery to charge from the solar PV supply simultaneously and it is supplied
to the battery is charged as near 14.5v at that time switch the relay4 from normally open state to
normally closed state allowing the battery Charge Voltage. The required supply voltage
supplied to the inverter it converts dc supply to ac. The load running under inverter mode.
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ONLINE UPS MODE:

During Online mode, they are using a normal Grid supply 230v ac. In this Mode, PV has no
power so that battery getting charge from grid supply simultaneously R1 closed. Its voltage is
reduced as 14.5v down to 8v it is not suitable to use the whole power supply. At this mode
Battery getting charge from grid it is used to backup the some Required Voltage. At that time
switch the relay4 from normally open state to normally closed state allowing the battery Charge
Voltage. Now the Voltage level changed as 10.5v to 14.5v. Now it is comfortable to use the
whole power supply with the help of online ups mode. Hence Power from the grid flows
directly to the load.

IV.SOLAR HYBRID BATTERY CHARGING:

SOLAR CHARGING:

The output of the solar panel is fed to the charge controller. The charge controller then regulates
the voltage and current to suit the requirements of the battery to charge and its output is fed
directly to the battery. The MPPT charging is implemented in Solar Smart Charge Controller,
which has additional option for battery sensing and based on the Battery Voltage level when the
solar Power Not present and When the battery is reach under VVoltage Set point, our Solar smart

Charge Controller will Switch Grid utility power . to avoid to much Voltage drop we are using
Voltage Drop Index methods

Voltage Drop Index:
Another way to size wires for a PV system uses an equation to calculate the voltage drop
voltage drop index (VDI). With this equation and a VDI chart, you can calculate the wire size

for any voltage drop and any nominal system voltage.

VDI = Amps x feet
%Voltage drop x voltage

Where:

Amps = Maximum number f amps through circuit.

Feet = one way wire distance.

% voltage drop = Percentage of voltage drop desired (use 2 for 2%)

Voltage = Nominal system voltage.
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Voltage Drop Index Chart

Wire Size Copper Wire Aluminum Wire
AWG VDI Ampacity VDI Ampacity
0 99 230 62 180

310 78 200 49 155

2/0 62 175 39 135

/0 49 150 31 120
2 31 115 20 94
4 20 85 12 65
6 1 65

50

30
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15

~
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Fig 2: Table 1: Voltage drop index
UTILITY GRID SUPPLY CHARGING:

The grid supply is utilized for charge the battery. To the power from Inverter supply is stepped down to
12V AC using a step down transformer. It is then rectified to DC supply and regulated which is then
supplied to the microcontroller. To charge the battery, the supply is fed to an UPS through a solid-state
relay.

V. SIMULATION RESULTS

GRID OPERATING MODE:

In this mode R1=1; R2=1 or 0; R3=0; R4=0(NOTE: 0 for open; 1 for closed) Here R1 closed so that power
flows directly from grid to load, simultaneously R2 closed to charge the battery. When battery get fully
charge R2 open so that it prevent overflow of power from the grid. Battery can be charged with the
help of dc to dc converter which is connected to the grid. In this PV power becomes low.

voltage in volts

Time in Seconds

Fig 3: Grid Mode output waveform
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BATTERY OUTPUT WHEN > 10 VOLTAGE: CHARGING TIME

MMMMWWWWMWMMWMWMMM

voltage in volts

Time in Seconds

Fig 4: Battery charger output voltage waveform
BATTERY OUTPUT WHEN <10 VOLTAGE: Battery Under Voltage

voltage in volts

03
Time in Seconds

Fig 5: Battery Under voltage waveform
BATTERY FULLY CHARGED CONDITION:

voltage in volts

Time in Seconds

Fig 6: Battery charging voltage waveform at battery full

5.4 INVERTER OPERATING MODE:
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In this mode R1=0; R2=1 or 0; R3=1; R4=1; In this operating mode, PV supplies maximum power
according climatic condition. PV power can be controlled by buck boost converter (i.e. it act as a MPPT
controller). The output of the MPPT controller can be fed to the battery for charging (R3 closed). When
battery gets fully charge automatically R3 open.

LOAD VOLTAGE AT INVERTER MODE:

voltage in volts

Time in Seconds
Fig 7: Inverter Mode output waveform
PV VOLTAGE:

voltage in volts

Time in Seconds

Fig 8: PV Input Voltage waveform
BUCK BOOST CONVERTER VOLTAGE (MPPT OUTPUT VOLTAGE):

0.2
Time in Seconds

Fig 9: PV Input Voltage waveform
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BATTERY VOLTAGE UNDER INVERTER MODE
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Fig 10: Battery Voltage under Inverter Mode Voltage Wave Form
VII. CONCLUSION

The hybrid system designed to charge a battery has been implemented utilizing both solar PV
and utility grid supply suited to an Commercial Application as per Indian scenario. The
simplified the control and enhanced the operational efficiency of the system. The prerequisite
for varying the threshold setting has ensured enhanced flexibility of the system Battery voltage-
based switching has simplified the operation, programming and control of the entire system.
Using this entire system we are utilize maximum Solar Power. This Solar Power Inverter is act
as Solar Hybrid off Grid Power systems; Both Grid based Inverter Output Wave form Voltage -
Time characteristics have been plotted and Solar off Grid Power Inverter Output Wave form
Voltage - Time characteristics have been plotted. The complete battery charging period has
been monitored and Battery Voltage - Time characteristics have been plotted.
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