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Abstract: This paper represents the modern investigation nenedible solar
energy in real World. The Sun is the ultimate seuo energy. Here we are
focusing on ‘Village Electrification by Photovol@aiMicro Grid Using Solar
Energy’ i.e. micro grid using solar/photovoltaicllcas renewable energy source
Solar Energy. This Paper also deals with the varigtilities of Solar energy and
make life comfortable & nature friendly. Model $blar/Photovoltaic Micro Grid
is made using Simulink/MATLAB. Solar energy is anportant, clean, cheap and
abundantly available renewable energy. This Pajsr deals with the various
utilities of solar energy and makes life comforea&l nature friendly.

INTRODUCTION

Solar Energy: The sun radiates about 3.8 x 1026 W of power ithalldirections. Out of this about 1.7 x
1017 W is received by earth. The average solaatiadi outside the earth’s atmosphere is 1.35 kW/m2
varying from 1.43 kW/rh (in January) to 1.33 kW/m(in July). It is received on Earth in cyclic,
intermittent and dilute form with very low powerrgsty 0 to 1 kW/m.Solar energy received the ground
level is affected by atmospheric clarity, degreelatitude, etc. For design purpose, the variatibn o
available solar power, the optimum tilt angle ofasdlat plate collectors, the location and origiota of

the heliostats should be calculated.
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Solar energy is the most readily available and $@&rce of energy since prehistoric times. It ivested

that solar energy equivalent to over 15,000 tinfes world's annual commercial energy consumption
reaches the earth every year. Renewable energgesoalso called non-conventional energy, are seurce
that are continuously replenished by natural peeed-or example, solar energy, wind energy, bio-
energy - bio-fuels grown sustain ably), hydropowtr., are some of the examples of renewable energy
sources. Energy is expressed in Joule. 1 Cal 64118

For solar energy calculations, the energy is mealsas an hourly or monthly or yearly average and is
expressed in terms of kd/m2/day or kd/m2/hour.rSmaver is expressed in terms of W/ar kwW/nt.

Solar Thermal Energy Application: In solar thermal route, solar energy can be coadeirito thermal
energy with the help of solar collectors and reee\known as solar thermal devices. The Solar-Taerm
devices can be classified into three categories:

(), Low-Grade Heating Devices - up to the temperatre of 100°C.
(I.Medium-Grade Heating Devices -up to the tempeaiture of 100°-300°C
(1).High-Grade Heating Devices -above temperatureof 300°C\

SUNBASKET

Figure -3: Photavoltaic sun baskets

Solar Photovoltaic (PV): Photovoltaic is the technical term fsolar electric. Photo means "light" and
voltaic means "electric". PV cells are usually mafisilicon, an element that naturally releasested@s
when exposed to light. Amount of electrons releafserh silicon cells depend upon intensity of light
incident on it. The silicon cell is covered witlyad of metal that directs the electrons to flonaipath to
create an electric current.
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Solar Photovoltaic Array: Guided into a wire that is connected to a batter{pGrappliance. Typically,
one cell produces about 1.5 watts of power. Indialccells are connected together to form a Sudael

or module, capable of producing 3 to 110 Watts power. Pacafsbe connected together in series and
parallel to make a solarray (Figure -4), which can produce any amount of Wattage as spdtallwiv.
Modules are usually designed to supply electriaityl2 Volts. PV modules are rated by their peaktWat
output at solar noon on a clear day.
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Figure -4: Solar Photovoltaic Array

(i Solar Water Pumps: In solar water pumping system, the pump is drivgmimtor run by solar
electricity instead of conventional electricity dra from utility grid. A SPV water pumping system
consists of a photovoltaic array mounted on a stand a motor-pump set compatible with the
photovoltaic array. It converts the solar energg ielectricity, which is used for running the mopaump
set. The pumping system draws water from the opah bore well, stream, pond, canal etc.

Figure -5: Solar Water Pumps

The density of power radiated from the sun (refetie@ as the “solar energy constant”) at the outer
atmosphere is 1.373kW/m2. Part of this energy sodied and scattered by the earth’s atmosphere. The
final incident sunlight on earth’s surface has akpdensity of 1kW/m2 at noon in the tropics. The
technology of photovoltaic’s (PV) is essentiallyncerned with the conversion of this energy intoblesa
electrical form. The basic element of a PV systerthe solar cell. Solar cells can convert the gnefg
sunlight directly into electricity. The paper prete a hybrid PV/FC renewable energy scheme for
supplying an isolated community with electrical igye In order to obtain electricity from the hybrid
green system at an economical price, its topolagy eontrol design must be optimized in terms of
coordinated operation and layout configuration. léopologies are currently available for integrated
green system configurations, depending on the tisgarface converters based on common DC/common
AC bus interface architecture. Solar panels carmdimected in parallel or in series to obtain resplir
photovoltaic power rating. The power obtained kg thay is DC in nature and it should be converted t
AC for some AC type loads. Therefore, DC to AC aemers are required for such load types. Electrical
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energy is not only required during day time, bwoaht night. This key requirement puts forwards the
possible use of other renewable green energy sesaeh as fuel cells in integrated micro co-ger@ra
scheme¥” The Electrochemical voltage behavior of the fual 5 commonly modeled using the simple
equivalent first order (RC). This circuit consiefghree passive circuit elements that result finsh order
approximation of the dynamic response of the ebebiemical capacitor. The circuit includes the deubl
layer capacitance RC in series with ohmic resigambe equivalent series resistance that reprefiants
energy lost due to the distributive resistance hef Electrolyte, electronic contacts and the porous
separatdt®. Hydrogen itself is a clean and emission free .f@lrrently Hydrogen technology is
concentrating on the storage methods, efficient saf®@ Fuel Cell Batteries. Enhancing the output
efficiency and improving the performance of fudl aee among main research topics.

Integrated Coordinated

AC-DC Control
AC BUS

I Reguiator 3 Regulator 2

Modulated Power H
o Pouer [MPF |4 | m% $

AC Loads

DC Bus

Regulator 4 ooiDe Regulator 1 é
DC Loads
Hydrogen [+ ¢— Temperature
Oxygen — Fe 4 Isolation
Fuel Ceil PV

Figure -6: Green Energy Scheme for Electricity Supply

The industrial applications of fuel cell technolagye still limited to hybrid electric vehicles. tl# papers

are dealing with the power system application o#l faell and system interactions. Therefore, the
interaction of fuel cell with power system compotseand switching electronic drives, choppers and
controllers are crucial. The generated electricadrgy in fuel cell could be directly connected he t

common DC bus through DC-DC-Chopper to convertstioeed energy in hydrocarbon to DC electrical
energy®. In integrated green energy power system, Fuélacel solar are fully used as the main energy
sources to supply the hybrid DC and AC type lodaidia receives solar energy in the region of 5 to 7

kWh/m2 for 300 to 330 days in a year. This energy is sigfit to set up 20 MW solar power plant per
square kilometer land area.

Fig.(6) Integrated (FC-PV) Green Energy SchemeElectricity Supply Figure (6) shows the scheme of
the studied system with common DC/ common AC cabecbus interface. The scheme uses a primary
common DC bus collection with an added secondarngncon AC bus for feeding any AC loads and
public grid interface. The proposed hybrid greemrgn scheme is digitally simulated for different
operation conditions and load excursions. The megaontrol scheme comprises multi-loop dc-coupled
coordinated dynamic error driven controllers witipglementary regulation loops to control the défer
subsystenfs.

COORDINATED ERROR DRIVEN TRI-LOOP CONTROLLER

Figure-7 shows the general four regulator coordithaontrol structure. The hybrid system was dilyital
simulated and validated using MATLAB/Simulink—SinviRer software environment in order to test the
controller performance for interfacing devices &f Panels and wind generator under changing weather
conditions and load disturbances. The simulati®gultse show that the effects of the change in solar
radiation and ambient temperature are compensatedrirolling the DC-DC chopper, which interfaces
the PV panel to the common DC bus. Similarly thieafof wind speed variations is compensated by
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controlling the AC-DC rectifier converter, whichténfaces the wind generator to the common DC bus.
The controller of pulse width modulated inverteduees the effect of AC load disturbances. Voltage
stabilization is achieved by installing the modethpower filter on the AC common B

Essential subsystems in a solar energy plant:

1. Solar collector or concentrator. It receives solar rays and collects the energmay be of following
types:

a) Flat plate type without focusing

b) Parabolic trough type with line focusing

¢) Paraboloid dish with central focusing

d) Fresnel lens with centre focusing

e) Heliostats with centre receiver focusing

2. Energy transport medium: Substances such as water/ steam, liquid mefgh®iare used to transport
the thermal energy from the collector to the heahanger or thermal storage. In solar PV systerasggn
transport occurs in electrical form.

3. Energy storage Solar energy is not available continuously. Songed an energy storage medium for
maintaining power supply during nights or cloudyipés. There are three major types of energy.

4. Energy conversion plant Thermal energy collected by solar collectorssedifor producing steam,
hot water, etc. Solar energy converted to thermakgy is fed to steam-thermal or gas-thermal power
plant.

5. Power conditioning, control and protection systemLoad requirements of electrical energy vary with
time. The energy supply has certain specificatidesvoltage, current, frequency, power etc. Thev@o
conditioning unit performs several functions such @ontrol, regulation, conditioning, protection,
automation, etc.

6. Alternative or standby power supply. The backup may be obtained as power from elettric
Network or standby diesel generator.

PV DC-Bus
Py | coordinated 5. PWMDC-DC
OC-Bus [?:: [N _o—Ss| Converter
) Error Diriven
DC-AC V. (2} 5"1] ociss Inverter 2
Inverter |: * = Multi-Loop 15-12 pulses
MPFC (3 Sc = SPWM for
W i
Ripple I: = Controller 1?0— S J Maodulated
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a g
PeBis Ly I g 5 ] PWM DC-DC
Converter

Fig.7.0

PV Charge Controllers: Blocking diodes in series with PV modules are usegrevent the Batteries
from being discharged through the PV cells at nighen there is no sun available to generate energy.
These blocking diodes also protect the battery fstiort circuits. In a solar power system consistihg
more than one string connected in parallel, if arsbircuit occurs in one of the strings, the block
diode prevents the other PV strings from dischardimrough the short-circuited string. The battery
storage in a PV system should be properly conttolie avoid catastrophic operating conditions like
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overcharging or frequent deep discharging. Stotzagéeries account for most PV system failures and
contribute significantly to both the initial andetleventual replacement costs. Charge controllendate
the charge transfer and prevent the battery fromgbexcessively charged and discharged.

Three types of charge controllers are commonly used
1. Series charge regulators
2. Shunt charge regulators
3. DC-DC Converters

Series Charge Regulatorsin the series charge controller, the switch Slalisects the PV generator
when a predefined battery voltage is achieved. Whervoltage falls below the discharge limit, tbad

is disconnected from the battery to avoid deephdisge beyond the limit. The main problem associated
with this type of controller is the losses ass@datvith the switches. This extra power loss hasotoe
from the PV power, and this can be quite signific&mpolar transistors, MOSFETS, or relays are used
the switches.

Shunt Charge Regulators:In Shunt Charge Regulators when the battery isy/ foharged the PV
generator is short-circuited using an electroniddw(S1). Unlike series controllers, this methodrke
more efficiently even when the battery is complestischarged, as the short circuit switch needh®ot
activated until the battery is fully discharged.[The blocking diode prevents short-circuiting bét
battery. Shunt charge regulators are used for sP¥llapplications (less than 20 A). Deep-discharge
protection is used to protect the battery agaiespddischarge. When the battery voltage reachesvbel
the minimum set point for the deep discharge liswtjtch S2 disconnects the load. Simple series and
shunt regulators allow only relatively coarse atijiuent of the current flow and seldom meet the exact
requirements of PV systems.

DC-DC Converter Type Charge RegulatorsSwitch mode DC-to-DC converters are used to mdteh t
output of a PV generator to a variable load. Tlaeesvarious types of DC-DC converters:

(i) Buck (step-down) converter

(i) Boost (step-up) converter

(i) Buck-boost (step-down/up) converter
PV System Characteristics and | mpacts

Today’s grid-connected residential and commergjatesns typically have the following characteristics
and associated impacts:

The PV system and the inverter are connected tgriién parallel with the load.
The load is served whenever the grid is available.

Energy produced by the PV system decreases theeappgaad. Energy produced in excess of the load
flows into the distribution system.

The PV system has no storage and cannot serveaterl the absence of the grid.
The PV system produces power at unity power faamok utility supplies all Volt Ampere reactive power
The inverter meets the requirements of IEEE 1547520

There is no direct communication or control betwtwenutility and the inverter.
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If the inverter senses that utility service hasefalutside set boundaries for voltage and/or feequ or
utility service is interrupted, the inverter wilisdonnect from the utility until normal conditionssume.
The load remains connected to the utility.

For residential and small-commercial systems, i igterconnection is typically net-metered atlat f
rate.

 The price of energy is constant throughout theatal there is no demand charge.
* When excess energy is produced, the meter spuisuvards.
Energy is bought and sold at the same price.

Over the course of a month or a year, if energglpced exceeds energy used, the utility will not foay
the excess above the amount used.

If the grid is not available, grid-tied PV inversefwithout energy storage and load transfer caipgbil
cannot serve the load, even when sunlight is ptesehthe PV modules are able to produce power.

For large-scale commercial systems, rate strucanesore complex.
Time-of-use rates often apply, with cost of endsging higher during periods of peak demand.

Demand charges may apply with a significant portdrthe utility bill derived from the highest power
requirement (kW) measured over a 15 to 30 minutxal during the monthly billing period.

A charge for VARS (reactive power) may apply.

Net metering is less common, and some systemsoagenmitted to deliver any power back to the ytili

In this case, the load must always exceed the grgggerated by the solar system.Other systems have
dual meters and power is purchased by the utitity lawer rate than the rate charged for power Isegbp

by the utility to the customer.

Solar energy can be utilized through two differentroutes, as solarthermal route and solar electric
(solar photovoltaic) routes. Solar thermal routesuthe sun's heat to produce hot water or air, G,
drying materials etc. Solar photovoltaic uses suréat to produce electricity for lighting home and
building, running motors, pumps, electric applia)@nd lighting.

A renewable energy system converts the energy fdandunlight, wind, falling-water, sea-waves,
geothermal heat, or biomass into a form, we cansusé as heat or electricity. Most of the renewable
energy comes either directly or indirectly from samd wind and can never be exhausted, and therefore
they are called renewable. However, most of theldoenergy sources are derived from conventional
sources-fossil fuels such as coal, oil, and natgesles. These fuels are often termed non-renewable
energy sources. Although, the available quantittheke fuels are extremely large, they are nevesbe
finite and so will in principle ‘run out’ at someémnte in the future Renewable energy sources are
essentially flows of energy, whereas the fossil mnclear fuels are, in essence, stocks of energy.

Distribution of Solar Energy System: As deployment of distributed PV systems increaseany
customers are likely to be subject to time-of-uses and demand charges, and will be paid less for
energy delivered to the utility at a particular¢imf day than they will be charged for energy delbd by

the utility at that same time. However, by emplgygontrol strategies that optimize value, a SEGIS ¢
mitigate the effects of these rate structures enexceed the value received by today’s net-meféaed
rate customers. The SEGIS will need to manage pdlaars to and from the utility so that power is
purchased from the utility mainly when rates arg,lpeak demand is minimized, and power is soldh¢o t
utility mainly when rates are high.
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A first step in optimizing value is to consider ttae structure when establishing the orientatéaminjuth
and tilt) of the PV modules. At least for regionkese utility demand peaks in the summer and time-of
use rates apply, having a portion of the arraynfaevest may provide more value to the customem eve
though total energy delivered may be lower.

A second step in optimizing value is to dispatcid® to operate in concert with the availabilitysofar
energy and/or cheap utility power. This could ocbwyrdirect communication between the inverter and
smart loads via standardized protocols or via it®rezommunication with an energy management system.
Note that some loads may have their own storage thunsl are particularly suited to dispatch. For
example, tank-type electric water heaters storenatér and can be controlled to heat more watey onl
when either excess solar energy or cheap utilitygeas available. Even the thermal mass of a gidi
can be used to minimize evening demand, as illiestray a Florida Solar Energy study of a home with
south and west facing PV and a multi-speed air itioner, shown in Figure 3.4 This study illustrathe
importance of building system design in optimizisglar system value. If PV had been added to the
control home, peak daytime demand would have bednced, but demand after 6 pm would have
remained high. On the other hand, if the energiefit home had been built without PV, there still
would have been significant daytime peak demané @bm of the red and blue lines). It is the
combination of PV and building system design tlesuits in nearly complete elimination of the evgnin
peak. Note that optimizing the performance of aesyswith more than one orientation for the PV array
requires either multiple inverters or invertershantultiple maximum power point tracking inputs.

A third step in optimizing value is to add energyrage so excess solar energy or cheap utility pcae

be stored for later use when building demands tdicdad excess or cheap power is not available. For
buildings with demand charges, addition of storhge been shown to add value to the PV system5, as
shown in Figure 4. Storage can have the added iberfiegnabling the building to continue to operate
critical loads during a utility outage.

To maximize the benefit of the PV system withoutuaue burden on the building owner/operator may
require a control system with adaptive logic. Sacleontroller would monitor demand, solar energy
supply, and utility rates to optimize the flow afexgy based on time of day, day of the week, and bf
year by controlling dispatch able loads and stogmgration. The controller might also communicatid w
utility smart-metering devices to obtain real-timgcing, and via the internet would monitor weather
trends and forecasts to anticipate the availabdityhe solar resource as well as the real-timeepaf
solar power.

PV tracking systemsis an alternative to the fixed, stationary PV panéV tracking systems are
mounted and provided with tracking mechanisms tlmiothe sun as it moves through the sky. These
tracking systems run entirely on their own powet ean increase output by 40%.

Back-up systemsare necessary since PV systems only generateigbycivhen the sun is shining. The
two most common methods of backing up solar eleslystems are connecting the system to the utility
grid or storing excess electricity in batteriesdise at night or on cloudy days.

PERFORMANCE

The performance of &olar cell is measured in terms of its efficiency anhwerting sunlight into
electricity. Only sunlight of certain energy willonk efficiently to create electricity, and much ibfis
reflected or absorbed by the material that makethaell. Because of this, a typical commercidhiso
cell has an efficiency of 15%—only about one-siaththe sunlight striking the cell generates eledtyi
Low efficiencies mean that larger arrays are neeaetlhigher investment costs. It should be notad th
the first solar cells, built in the 1950s, had @éncies of less than 4%.
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Fig.9: Cumulative Cash Flow for Commercial Customes — Comparing PV-alone, PV + Local Load
Management (MBES) Storage and PV + Emergency StoragOptions.5
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