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ABSTRACT

This paper deals with the research and the devedoprof the solar powered UPS system in India’s miagls a
main source of energy over the conventional AC.dfite design consists of a solar charge controlleverter circuit,
solar panel and 2-channel Relay module automatitching between the Solar and the conventional .gtiédlso shows
how beneficial the solar powered UPS system owecdimventional UPS systems available in the matkalso shows the
advantages of the Solar UPS system to the stameagstem. In this project, the solar panel corsvité solar energy to
the electrical energy. The DC output of the solang is fed to the charge controller which helpscharging the 12V
battery and parallelly connects to the invertercdiit where the DC is converted to AC and a steprapsformer is used
to increase the level of the voltage from 12V AQ36V AC. Relay logic is designed for automatidadvimg between the
Solar and the AC grid in case of the failure of ame of the sources. When both the systems faisttred charge from
the battery drives the load.
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INTRODUCTION

Humankind is more favourable to comforts and inweninew things without knowledge of hazard of thgentions,
creating disturbance on the earth’s ecosystem. Yéehdepletions and climate changes had driveto @ energy crisis.
This has made us realize the urgency for finditgraative sources for requirements of the growiamand for energy.
The conventional sources being mostly non-renewableces of energy, their extensive usage has @ahseknown
reserves to be depleted rapidly. In India alone,khown deposits of petroleum are remained todabt a few decades,
whereas coal reserves will last for just anothemdned years. Solving this energy crisis needs coetbiefforts from

economies all over the world.

Generally, Renewable sources [1] of energy areetlloat are naturally replenished in a continuesnaanl hey
are also referred to as Green Energy or Clean Erarghey do not contribute for global warminglndia during the year
2017-18, the gross electricity generated by wgitin India was 1,303.49 TWh and the total eleityrigeneration (utilities
and non-utilities) in the country was 1,486.5 TViRenewable power plants constituted 21.4% of toistailed capacity.

The Indian electricity sector generates electriwgroutilizing about 72% of the coal produced in toentry.
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Solar power in India is a fast-developing indusindia expanded its solar power generation capa&itynes
from 2650 MW on 26 May 2014 to over 20 GW as onJahuary 2018. The 20 GW capacity was initially ¢ded for
2022 but the government achieved the target foarsyahead of the schedule. The country install€&\V of solar
capacity in 2015-2016 and over 5 GW in 2016-20h@, highest of any year, with the average curreittepof solar
electricity dropping to 18% below the average poéés coal-fired. India's initiative of 100 GW ablar energy by 2022
is an ambitious target, since the world's instalksdar-power capacity in 2017 is expected to be 8. The
improvements in solar thermal storage power teagin recent years has made this task achievabtleeacheaper solar

power need not depend on costly and polluting baakd power generation for ensuring stable gridadios.
Problem Statement and Solution

Since the technological advancements number ofitsensystems that require an absolute reliable grosupply has
sharply increased. There is no room for error d&ddquipment’s must be provided with the continususply. Thus,
brings the UPS into the picture but powering thedlosing a battery dank designed to last untikeeithains power supply
is restores or the backup generator have startéchwiough takes a long time Making solar basegneost competitive
with the traditional, fossil-based sources is aanahallenge within the energy industry. If UPS aothr power systems
could be successfully combined [2] (resulting i tower overall system costs), many users of UPRSegys might
consider investing in their own solar power generatThis would benefit the users, the overall ggesystems and the
environment. For users of the proposed system émefti would be the lower lifetime cost of the amilgd system [3]
compared to a conventional stand-alone solar peystem. Increased usage of solar energy also desrdlae emission

intensity if the energy sector, contributing to there sustainable energy system.

In this paper, we are using solar energy for clmardi2V DC battery. Solar panel will constantly debattery
with a proper designed charge controller circuibviting over voltage, under voltage protection amer charge
protection. The charge from the battery can beriedeto AC by designing an inverter circuit [4] astépping up the
voltage from 12V AC to 230 V AC. To design a cirtctiiat can be suitable to switch the source froengtid to the U.P.S

by a proper relay logic circuit that can be suchiglysused for emergency cases.

230V AC Relay
Supply Circuit

Inverter Transformer
Circuit 12v-230V

Lead acid Charge
battery Controller

Solar Panel

Figure 1: Block Diagram of Solar UPS System
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The main objectives of this paper are:

* Modelling and simulation of an inverter

» Design and implementation of a Solar UPS system

Solarphotovoltaic Module

The battery stack is loaded primarily by the phottaic system. The SPV module is chosen with redycever respect to
the maximum power delivered by the UPS to the kmaeduce the cost and the volume of the systetinea¢xpense of a

longer recharge time for the batteries.

i l

RuRRiiis

Figure 2: Solar PV Module

Panel Name Plate Details

e Maximum power: 10wp

* Voltage at maximum power: 17.5 V

*  Current at maximum power: 0.54 A

e Open circuit voltage: 21.5V

*  Short circuit current: 0.65 A

* Tolerance: +5%

«  Specifications are at STC 1000W/nradiance, cell temperature 25°C

Charge Controller

Solar panel is used to charge the 12V lead actéfyafor increasing the reliability of the supptpin solar and to store the
energy. We can directly connect the solar pan¢héolead acid battery but due to variation in thadiance the current
may follow in the reverse direction from batterypanel. High voltages may damage the battery ad@gruvoltages may
decrease the charge of the battery. To overcomalibge problems charge controller is used. In oojept we have

designed a charge controller which has

e Over voltage protection

» Under voltage protection
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« Reverse current protection

e Charging bandwidth changer.
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Figure 3: Solar Charge Controller

Battery

Lead acid rechargeable battery is used for stawolgr energy. During day time, the battery is chdrgnd when sun goes

off, the charge from battery is used to supplyutikties.

Battery rating: 12V/1.3AH/20HR

®
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Figure 4: Rechargeable Lead Acid Battery

Inverter

With the increase of the PV system capacity andrtteconnection with the existing power grid, itshes the design of
the PV system to the limit. One of the major partsthe PV system is the conversion of the DC pofwvem the
photovoltaic module to the AC source that allowss slgstem to connect to the existing power grids Thinversion is done

using a circuit with power electronic device callederter [6].

Impact Factor (JCC): 5.6125 NAAS Rating 2.96
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A typical inverter divided into two parts, the firsne is the power circuit and the second circuithie control

circuit. The power circuit built from MOSFET or I@Bswitches the simplest built from four switcheswh in Figure 5

+
Y
v

L X

Figure 5: Inverter using IC 4047

The MOSFET switches are switching in predetermiseguence by sending signal to the gate. The sigrsaint
from the control signal, which built from IC 404The control signals are generated from an A stabl#ivibrator i.e.

IC4047. Square wave output from IC 4047 is givea #&¥ggering pulse for the gate of the MOSFET.

IC 4047

R VDD
C 0OSC Out
RCC Retrigger
Astable Q
Astable Q
-Trigger EXT RESET
VSS +Trigger

Figure 6: PIN Diagram of IC 4047

The formula for calculating the frequency or théuea of R, C components are:
f=1/8.8RCat pin#10 and pin#11
f=1/4.4RCat pin#13

Where fis in Hz, R in Ohms and C in Farads.
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Relay Logic
Arduino is used as a logic controller for switchimgtween the solar power and conventional mains.

For this purpose, we must sense the voltage of gataming and must set a value below which tharssystem
should not supply the load to protect the battesynfover draining and under voltage problems inuti@ies which will
damage the appliances. The set point of voltagevavrith the battery manufacturers

Figure 7: 2-Channel Relay Module and Voltage Sensor

Output Voltage (Vo) =Vi*1/5 Volts

Operation of the Designed Circuit
The design is providing the halls with electriditytwo ways depending on whether the grid is onair
Scenario 1: Grid is Off

The primary source is the Solar providing the legth power through the charge controller, inverdemd the step-up
transformer. This bus is the one whom the loadsatisepower from. In case of failure of solar, theS stop charging and

the load is fed through the energy stored in thtebas acting as standalone system (island).
Scenario 2: Grid on

In this case the switch between the load and thleigiclose which happens only when both the satat the UPS fails,
that means the system is isolated from the sol&isaoonnected to the conventional grid.

Hardware Arrangement

Solar Charge Controller

Figure 8: Hardware Implementation of Charge Controler

Impact Factor (JCC): 5.6125 NAAS Rating 2.96



The Solar Powered Uninterrupted Power Supply System 7

Here when the panel voltage is less than 8V Zermatedwill not conduct so no current passes throtigthich
makes MOSFET Q2 to be in OFF condition. As soorva@tage becomes greater than 8V Zener diode cosdarmd
voltage is given to gate of MOSFET Q2 which turn$ Q2 So, relay 1 connected to Q2 to will be switti@N. Thus,
providing Under voltage Protection to battery.

Now, if voltage is greater than 15V then 15V Zedide conducts turning ON the BJT Q4 which conngete
terminal of MOSFET Q2 to ground turning it OFF, wahiin turn turns OFF relay 1 connected to it thesyviding
Overvoltage Protection. MOSFET Q1 is used to prexeverse flow of current when solar panel outguess than battery

voltage.

LED across the relay are used to indicate the @fd sf relays. Diodes are to protect against re\Rotarity of solar panel

Inverter

Figure 9: Hardware Arrangement of Inverter

CD4047 is used to get square wave output whiclrrismiected to gate terminals of MOSFETSs switchingnti@N
and OFF periodically. Connections should be donpesghe diagram to configure so that it runs istAble mode. The
frequency of the pulses produced is decided basedeoRC values used.

By this if Q1 is switched ON current flows in upgslf of the transformer which induces voltageecandary of
transformer. Later when Q1 is OFF and Q2 is ONenirflows in lower part of the transformer whicldirces voltage in
secondary but this time in opposite direction. TAgsvoltage is produced but Output waveform is actquare wave to
get a sine wave we need to design a filter whichorees the harmonics and can give nearly sinusedak as output.

This output is given to Transformer which is steppp to 230V AC and is given to load.

Complete Hardware Arrangement

Figure 10: Solar Powered UPS System
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Figure 12: Output of te Inverter Circuit

Depending of the output of solar panel Zener diodaducts and relay switches ON and charge controlle
continuous to charge the battery. But when voltageigher than predetermined relay switches OFFdiscbnnects the

battery.

Among all the sources power from solar panel iegithe highest priority. It is used to power loadda&fault
source and a part of solar energy is used to chaatiery simultaneously along with load but if wgjé from solar panel is

not enough then power from battery is used to fhedoad.

When voltage from battery also is low then Ardusenses this using voltage sensor and switchesethg r
module to ON position and connects conventionatc®to load. During this time solar panel can chdtwe battery in

sunlight.
CONCLUSIONS

The main goal of this project was to design a dirthat can minimize the grid cost to the consumvkile the grid is on
and provide us with a continuous supply to the limaebspective of the grid. The conclusions drawgareing the technical

feasibility of the combined system is that it isheically possible to combine solar energy and 9f$ems.
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The addition of solar energy does not have anyifsignt impact on the power quality of the UPS syst In case
of power outages in the electricity grid, solar powan benefit the system with both less impacp@mer quality at the

point of disconnection from the grid and incredsedutonomy time of the UPS.

The economics related to the combination of sotavgr and UPS systems are two-fold: the investmest of
the system and the total generated energy. Basegrioas for commercially available inverters andasccharge
controllers the conclusion is drawn that the inmesit cost of the combined system is significardlydr than for separate

systems.

In the solar power generation, the combined systeconcluded to have the higher total system efficy than a

conventional stand-alone system.
But in the bright side this design allows us to:

* To feed the load with both systems what makes éhswumed watt per hour for consumer is reduced.
*  The ability to provide continuous supply for thadoin sunny good days.

» During black out the load is sufficiently supplied.
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