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Power Terminology

1. GWhi Gigawatthour: The gigawatt is equal to one billion {l®atts or 1 gigawatt =
1000 megawatts.

kV 1 kilovolt

kwWh kilowatt hour

PVi Photovoltaic

MV 1 Megavolt A megavolts 1 million volts in electronics and physics.

MW i Megawatt a megawatt is equal to one million fLvatts

MWe'i Megawattelectrical

NooakwhN

List of Abbreviations

PV-Photoroltaic
CSRCentral ReceiveBystem

CPV-Concentrated photovoltaic

DG-distributed generation

DC-direct current

AC-alternating current

IEA- International energy Agency

NASA- National Aeronautics and Space Administration
BC-Before Christ



Abstract

Energy 8 the most valuablesourceand bundaton of civilization. It is alsmur heritage for

future generations. Preserving thesourcdor future requires a thorough understanding of
energy resources, optimal operation and sustainable usage. Solutions that previously seemed
impossible or too expensive, todaye technically and economically achievable. Application of
new capacity generated by renewable energy sources, new management systems, advanced
technologies and improving productivity can contribute to economic growth.

Solar energy is one of the most important sources of energy as it is free and no othercaountry
charge for the use @iesun. Solar energy, on the other hand can be important because this
energy is infinite.

Solar energy received by the earth in boeris more thartheenergy used by worfd s

population in one yeaworld attention tasolar energy has risen recently due to technology
development and lower cost of installation and operation along with environmental soncern
aboutfossil fuels. Accordig to experts, solar energyll soon becomehe favorite energy used.
Increasing the efficiency of photovoltaic sysssand reduced costs of associated equipment has
impacts on this explosive growth.

Addressing the issgeelated to solar energ@nd renevableenergy ismportant for everyone

Thisreport investigas the nature of solar energwgrious ways of exploiting;itand examining
the date oftheart technologies usdo provide power from this profitable energy.

Key words:

Energy, renewablenergy, fossil fuel, sun, solar energy, solar cell



1 Introduction
1.1 Nature of Solar Energy

The sun is a main source of renewable energy that pooldde a limitlessource of energy
supplyin many parts of the world.ack of sun can easily etifle. Without the Sun, the Earth's
temperature will drop suddenly and Earth will be cold and,darko plant life and no human on
earth will exist(NASA). The sun is the cause and origin of the various energy souhies are
existin thenature, such a®$sil fuels whih are stored deep in the earth; waterfalls and wind
energy; fant, animal,and humamrowth;all organic matter thatan be convertedo heat and
mechanical energylong withsea waves,rgvitational and tidal power oars upon earth moves
around the sun and moon.

Solar energy is producedrough deep nuclear fusion reactiolmsa fusion processwo atomic

nuclei collideatvery high speed and create a rfewn of nucleuslt can be donéue to the

extremely high temperature and high densityihe sunés core. Al though t
tend to repel each other, thetaytogetherdue to the high temperature and density of the sun's
core.(NESTA, National Earth Sciee Teachers Association)

The most common fusian the sun icalledthe protorprotonchain This process begins when

the simplest form of the hydrogen nucleus (contain one proton) close together just for a moment.
First a nucleus composed of two subatomic partisleseated deuteriumformation)then

deuterium fusgwith another proton and a triple subatomic partielereated (helium nuclei).

Two helium3 nucleifuse together and nucleus with four subatomiagiclesis created (alpha

particle form) g0 an electrically neudit subatomic particle called a neutrino produceithis
procesgnave, 2000)Finaly, thenuclets, which is lelium, consistsof two protons and two

neutrons. The Helium mass is slightly less than the mass of the four protons which it has been
madefrom. This lostmass is converted into
energy. The amount of this energy can be
calculated by the famous formuamc?
discovered byserman physicist, Albert
Einstein. In this equation, E represents
energy, m the mass, and c is the speed of

light. (nave, 2000)

Figure 1: Equation of MassEnergy Equivalence
Source:Jha 2010




1.2 History of Solar Energy

The use of solar energy dates back to the seventh century BC .it was used for heating, cooking,
lighting or making fires®

1 Ancient Greekand Romansvasthe first people who buitheir housewith solar
heating and sunlight benti

1 Seventh century BC: Ancient people used the magnifying glass to focus sunlight in order
to lightfires.

1 Third century BCRomans and Greeksedmirrors to light their torches.

1 The second century BCh&Greek scientist, Archimedesgsedreflected solar radiation
from the sun and focuse¢krough aronze shield.

1 In thefourth century AD: Roman bagiswere designed tbeat water by using sunlight.

1 In the thirteenth centuryuebloindiansin North America built their cliff hom&facing
south to take advantage of sun heat dutimgwinter.

1 In 1767:Swiss scientists built the first solar collector.

1 In 1816:Scottish minister Robert Stirling patented his invention tehew the engine
heater. Later thiswvention wasused in the generatiasf electricity by solar heating.

1 [n1839:French scientist Edmund Becquerel discovered the photovoltaic effect. While he
was working with electrolysis cell with two metal electrodes in the electrdilyteon. he
found out that when he placed it in then the electricitygeneration rate woulde
increase.

1 In 1860:French mathematician Augugtouchetbegan to work on the solar steam
engine. After 20 years, he and his assistant, Rbve] built a prototype of modern
engines that are currently used in parabolic linear collectors.

1 In 1837:Willoughby Smith discovers the photoconductivity of selenium.

1 [In1876:William Grylls Adams and Richard Evans Day discovered that selenium
generatselecticity when it is placed in the sun.

1 In 1880:Samuel P. Langley inventedalometer, a device to measure the power of solar
thermal radiation.

1 In 1883:Americans Charles Fritts, thought the ideanaiking solar cells from selenium
wafers.

1 In 188:HeinrichHertz discoverethat ultraviolet radiation providéee minimum
voltage required for spark between two electrodes.

1 In 1891 The first solar water heater was patented by American Clarkarog.

1 In 1904:Wilhelm Hallwachs discovered that copper and coppédes argohotosensitive
together.

1 In 1905:Albert Einstein with his theory of relativityoutlined the photoelectric effects.

1 In 1908: William J. Bailey, mad a collector with copper coils anthanlatedoox

! For full detail go tohttps://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
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In 1916:the photoelectric effects habee proved experimentally bycentists.

In 1918:Polish scientist Jan Czochralski discovered how to grow single crystal silicon.
In 1921:Albert Einstein received the Nobel Prize for his theory of the photoelectric
effect.

In 1932 photovoltaic effect in cadmium sulfide was detected.

In 1954 three American scientists developed the first silicon photovai&dic

In mid-1950s:the world's first commercial office building which worked with solar water
heatewas designed.

In 1963 Japaninstalleda 24 watt panel on a lighthouse.

1964:NASA's first satellite wth a capacity of 470 MW fed by photovoltaiells

launched in space.

In 1969:solar furnace usingparabolic mirrorduilt in Odeillo, France.

1970:Elliot Berman designed cheapsolarcells; extensive use of photovoltaic becomes
possible.

In 1976 AD:NASA Lewis Research Centtar the first timebegan to install 83
photovoltaic systems across the wddgrovide lightin clinics, water pumping anetc.

In 1981:the frst sola plane flew from France to England.

1986 the largest solar thermpbwerplant atthat timewaslaunched in California.

In 2001:thin film photovoltaicwasmade.

In 2002:the largest rooftop solar systems were installed in California.

In 2008:the lrgestsolar park usinghin film systems was established in Germany.

In 2013:930 megawatts gfhotovoltaic(PV) systens wereinstalled in United States
whichrepresents the largest quarter ewgmrésidential PV installations ever.



2 Large-scaleSolar Thermal Technology System

Solar thermal systems inclutfesethat are based on low temperature therro#iectas. These
systems use heat from thenfor the final heat consumption. This technol@ygtem consists of
two groups of flat solar collectors and a low concentration solar collector (concentrator
collectors).

Thermalsystems Avea storage unit tprovide heating at nighMost solar thermal systenase
usal for heating water itommerciabuildings, svimming pools, waterlarge homesapartment
buildings and hotelsAlso, a large part of the demaisifor space heatirdigoolingof buildings
andsupplyingpower forabsorption heat ymps® with solar thermal technologies.

Some of the basic coapts of thermal systems are as follows:

1 Working fluid is usedo transfer the absorbed heat for suitable usdgst transfer fluid
such as oil, wateor air is needed

1 Absorbent surfaceslark surface made from different technologies to maximize the
absorption of thermal energhn solarpower plans, absorbent surfacese exposed
where the surs shineor is concentrated.

1 Thermal storagsystem stores solar energyo useat night oron acloudy day In solar
water heaters, hot water storage tanks are used and in powerssyiségmal energis
stored in reservoirs containing oil and sahd.

2.1Flat- plate Collector

Flat plate colleatrs absorbs heat from the sun usandark, flatmetal platdo transfer the
energy usindneatabsorbing fluidsuch as water or aiA flat T plate collectors consists of the
following components:

1 Glazing sheethatmay include one or more layers of glass or transparent plastic.

1 Heat absorbing riser tubes

91 Absorber shegcan be straight, wavy, fluted and usually in dark cdmryhich ubes
and pipes are attached

1 Manifold or header: fodraining the fluid flow and transféng the heat; it isisually
installed at the top and bottom of the collector.

1 Insulation to rduce heat loss, usually aroundmthe back of the collector and the tubes.

1 Special frame to holthecollector componestand keep them safi}mm dust, moisture
and other external factors

2 Energy.govAbsorption Heat Pump2012
% For more information go tohttp://www.suna.org.ir
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Figure 2:Anatomy of a solar flat plate collector
Source:(Solar fred, 2010)

Flat-plate collectors based on fluid bed type, structure and function are divided in to three
categoies, namely:

1 Trickling-water collector

1 Liquid-based collector

1 Air-based collector

Trickling -water Collector
It was built and installed oa roofof a house for the first time in 195Gy Dr.Harry E.Tompsaon
(Canivan)

Water fromthe upper manifoldrickles down tosloped corrugated collectoFhe water absogb
heat from the heated corrugated shagte passinghrough valleys by gravityHeatedwater
goes down and collected to be asestorel.

10
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Figure 3:Trickling -down water collector
Source: Alternative Energy Tutorials

Liquid -based Wllector

The working fluid on these collectoisusuallywater, oil or liquid with a low freezing point.
Freezing othewater in the collector and the corrosion are the major problems in these types of
collectors.

FIl at plate collectors, collect direct and dif
systems. Although they having large heat absorbinéace, they produce less heat with lower
temperature in comparwth concentrator collectors.

They are suitetb warm up the water and air as they are less expensive than concentrator
collectors.

Air -basedCollector

In this type of collector, air or gas is used as a medium to transfer the heat. The advantage of this
collector over the other typef liquid colletors is that there igero corrosion and zero air frost.
Having less weighthan liquidbased collectors is another advantage of this type of collector as
they don't have pressurized piping. Nevertheless, difficulty to regulate and low heat storage
capaciy of air are the main reasons why-based collector are not that much common.

11



2.2 Concentrator Collector

With the help of advanced geometric design, direct solar radiation and part of diffused solar
radiation are concentrat&dth concentratocollectors With this type of collector, reflection
surfaceareused to increase solar radiation. In order to achieve high tempsyatlsr radiation
will be concentratéin the focalarea for this purposegoncentratocollectormust be able to
track the surduring the dayFocusng on the focal area boosts given energy per unit.

Heat dissipatiofs reduceddue to decreasen absorption surfacesphigher temperatures and
more heat iproducedConcentrator collector is not designed to use in cloudy condition

In comparisorwith flat-plate collector they havasighercosts ofregulation. Although they have
a lower efficiency in low temperature, their efficiency is good in heghperature. Thmtensity
of intake solar radiation by concentrator can get abo@07mes more than flat collectors also
they donét need insolation(stmegwever it is

12
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3 Non-power Plant Applications of Solar Energy

There are a number of small seablar energy technology options avdiator romeand small
businesseasage These include

Solar water heating

Solar heating and cooling
Passive solar heating
Active solar heating system
Solar cooling system
Solardesalinization

Direct solar dryer

Indirect solar dryer

Solar cooker

Solar furnace

=4 =4 =4 4 -4 4 5 9 2
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These systems use flgltate collection technologies andah is described in the following pages.

3.1 Solar Water Heater

Theseuse solar energy to heat the watdreyl are composed of thrparts: acollector, circuit
piping, and heastorage tanks.

In most modern water heater, water and antifreeze solomwvesbetween the tank and the

collector in a closed cycle by circuit pipinthe collector absorbs the sun&ahenergy and

transfers it to the working fluid. Heated fluid moves toward the storage tank where it passes
through a heat exchanger and transfers its heat to the water in storage tank; after cooling down it
goes back to the collector again so withoutingwith consumable water, it always moves in

closed cycle.

Solar water heatefg into two catgories, open and closed circuit systems. In both categories
they can work in thermosyphon (natural flova passive heat exchange a pump (forcetieat
exchange).The important part of the solar wateathes ighe collector, in which theplateis
heated by solar radiation and transferred its heat to the wdhkidgThis plate is always dark
color andhas a special coating thatximizes energy absorptioand minimize heat dispersion
To achieve high temperat¢he plate and tubareset inside an insulated box covered with
glass to optimize the greenhouse effect.

13
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Figure 4: Solar water heater diagram
Source: Sunvelopeg2011

3.2Solar Heating and Cooling

Sincea high percentage of energy consumption belongaityg heating and cooling of
buildings,it is important to design and implement buildings in orden#édke best use of solar
energy Supplying energy demand of the building is possible thrgagisiveandactiveforms.
The supply of solar energy in thagsive form is highlgependingn quality of architecting the
building; however in the ative form it is necessary to access solali@ctor and another source
of energy in ordr to transfer the heated fluid

PassiveSolar Heating System

In this systemenergy ofnatural sourcelike the suns used to heat up the buildintymeans

that, withthis type of system, theuilding must belesignedo reduce dependency on fossil fuel,
with zero to very little usage of fossil enerdherearedifferent methodfor achievingpassive
solar heating:

Direct gain nethod
Drum wall

Solar diimneydesign
Attached geenhouse
1 Pool on theoof

= =4 4 A

Thefollowing graphic illustrates some of the design considerations for passive solar hearing

14
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Figure 5: Passive solar heating

Source:Evans and Evans, 2007

Active Solar Heating

In the activesystem, different elementreusal to supply heat for Auilding. Compoents used
in these systems includeltectors, thermal energgtorage, fluid flow channelsumps, piping,
valves, dampers, manual or automatic control systems, auxiliary fuel systems and heat
exchangers.

3.3 Solar Cooling System

Althoughsdar heating systems are relativéhgxpensive, solar cooling is difficult and
expensiveln general, there are two solutions for solar cooling:

1 Convert solar energy into electrical orchanical energy and enable ise in
compression chiller systemsr

1 Convert solar energy into thermal eneegpduseit in the operation ofanabsorption
chiller system.

3.4 Solar Desalinization

Principles of solar water purifier aemple. Plasticor glass cover on the top surface of the
device plays a key role e performancef this system

The sun's rays passing through the brine pool and increased the temperature of the water inside
to heat; produced steam hit the inner surface of the glass which has a temperature lower

than the temperature of seawater desalination and began to distill. By collecting the distilled
water, fresh water is obtained.

15



Solar desalination performances can be divided into two terms: Direct and Indirect mithods.
direct nethod solar thermadnergy is just used however in indirecetimod electrical energy is

used as an alternate energy. Solar desalination must be designed according to the climate and
weather condition of the interest regions.

3.5 Solar Dryer

This techniqueusesdirect or indirect solar thermal energy with natural or forced air flow causes
drying of the substances.

Direct Solar Dryer

It has easy and inexpensive application with no possibility of controlling the heat temperature. In
this way, if fruis and vegetable overexposed by the sun, their color will be change and they lose
plenty of their vitamins.

S‘mhght%i % Hot Air Out
< ; Insulated Casing

Glass

Food to be dried
Cold air in

Black Absorbtion Surface

Figure 6: A schematic of a direct solar dryer
Source:A. K. Karthikeyan, 2013

g

Indirect Solar Dryer

In this systemthetemperature can be
controlled and food is not directly
exposed by the sunlight so color remains
constant. This device fits the needs of the
villages in the drying of fruits and
vegetables, as well as in industrial dried
rice and vegetable production.

Figure 7:Indicator solar dryer
Source: Terra Fundacion

16



3.6 Solar Cooker

This technology usedirect sunlight to cook foods and vegetables. There are three common types
of solarcookers:

1 Solar Parabolic Cooker,

1 Solar Panel Cookers and

1 Solar Box Cooker

The Solar parabolic cooker is also calleda concentrator cookethisincluded a parabolic dish

which is used to cook foods by putting them on the focal pointeodligh. This type of cookers

is a bit complicated to construct and neditect supevision as the concentrator requires

frequent adjustment in order to achieve maximum effectiveness. Cooking is accomplished more
quickly as this type of cooker can reach high temperature rapidly.

A solar panel cooker consistf areflective panel, transparent glass bowl and darkened pan. It
is usually simpler and more economical to bailsb itis adaptable in mst of situation. Food
cooked inthis cooker ususf contains more moisture so itgeod touse for soups, stews, etc.

Thesolar box (oven)cookersare the most common type of cookérkis technology is like
traditional overwith food placed in anrisulated boxThe lox cooker cabe madef anykind

of materia) like wood or plastic and then covered by transparent glass or plastic to permit solar
rays inside the box andtthe same timgprevent traping the solar rays that have been

converted to batenergy.For effective and higher temperatureoking,reflecior panet can be
addedo concentrate the sun rays toward the coogimig Theseookers can easily achieve
temperature above 100° C so it is possible to use them for f({mlery, 2014)

e

Solar Oven Panel Cooker Parabolic
Solar Cooker

Figure 8: Solar cookersdesigns
Source:Vickery, 2014
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3.7 Solar Furnace

This type of power plant capturesnlightand uses itd produce high temperature for industrial
purposes. lis done by concentrating sunlight via curved msiar the focal point of the
furnace. The m&t common solar furnace includese flat mirror and one parabolic mirror.
Sunlightis radiated to the flat mirror and then reflects back to the parabolic mirror so
temperature in the focal point goes up.

Figure 9: Solar furnace
Source:(Ryan, 2005)

4 Solar Power Plant Technology

Solar thermal power plants are divided into 5 categories:
1 Parabolicttough
1 Central receiverystem (CRS)
1 Parabolic disht&ling dish
1 Solarchimney
1 Fresnelollector

4.1 Parabolic Trough Power Plant

This power plantisedong parallel rows of concentrators .The concentrator consists of a
parabolic reflective surface made from gtasorm amirror thatplaced on an agent structure.
Thereceiveris made from specibl coated absorber tubes covered by Pyrex glaidong the
focal line. Distal parts of the receiverxchted on the two fulcrunae mounted on the main
structural beams. Tracking systems are stagisdevices tracking theun from east to @st so
that the sun's rays reflected on the absorber tube for the entire tracking time.

A heat transfer fluid (oilvith atemperature of about 400 °flows throughthe absorbetube,
whenit reaches thbeatexchangerit convers wate into steam .Superheated steam pass

18



through a turbine, generating electrical energy. This type of power plant witbtbesgas
capable of generatirglectricity even after sunset.

Absorber
Tube

Reflector

— Solar Field

./ Piping

Focal
Point

Figure 10: A diagram of a parabolic trough solar farm (top) and anend view of how a parabolic collector
focuses sunlight onto its focal pointSource Andrew Buck, 2008

The main components ofparabolic poweplant include

Parabolic reflectors

Receiverio absorhreflected radiations arfieatthe heat transfer fluid.
Steel made supporter and foundation

Electric power production systems

Heat transfer equipment

Equipment to transfdreat loss to the outside environment

=4 =4 4 -4 A 4

4.2 Central Receiver System (CRS) Powert&tion

This system includes a sef mirrors (leliostat) hateach separately concentratdar energy and
reflectit to the central receivam the top of the tall toweEnergycollected in the central
receiverns transferedto the heat exchangarounted on the tower, where water ameerted to
superheatedsteam.This steamdrives a generator turbine thatinstlled at the bottom of tower
to produceelectricity.

19



< Central
ANy Receiver

T Ty

Figure 10: Diagram illustrating the central receiver principle
Source: (Solar PACES)

Themain components of a CRS power station:

A Heliostat,solar radiation collector system

A Central receiver, which absorbs heat from solar radiation and make it usable.

A Thermal energy transfer systerbsorls heat passed through receiver amolvesit
around.In the basic design, ater and steans used as an absorbent and heat transporter
fluid, however in the more developed designolten sodium and potassium have been
used.

A The power conversion system

A Energy storage system

4.3 Stirling Dish Power Hants

These pwer plants useulight beamed on surface of the parabolic concentrator and
accumulated on the focal poiffor these systems to be effectithee collectorsmustalways
trackthesun So theyneeddualaxis tracking mechanissnin such systes) sunlightis
concentrate@n thefocal point and a Stirlingregine convedthe concentrated thermal energy in
to mechanical energyhenan alternator usghis mechanical energy to generate electricity.

20



Figure 11: Stirling dish power plant

Source: TCS Power

The main components of Stirling dish power plantsude

A Concentratosurfaceghatfocus the rays of the sun at the focal point.

A Stirling engineconvers concentrated thermal energy in to mechanical energy and
generge electricity via an alternator.

A Trackingsystem anctontrol g/stemtracks the sun making sure that the receivers are
always pointig toward the sussurfaceto focus the light o the receier of Sirling
engine. Control system uses different information coming from different sensatseand
Stirling engine to issue right control signal in any command mode.

A Structuraland foundationto keep the concentrators, Stirling engines and other
componentsafe fran withstand inertia loads, wind and earthquakes; strength
foundation and stetural are needed.
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Figure 12 Stirling power plant diagram
Source: love4dearthes.t

4.4 Solar Chimney Power Hant

This kind of solar powesystemis thecombination of solar air collector and air steerwogumn
thatproduce inducted aiistream.Theair streamcauses the turbine to rotate ayjeherate
electricity.

Application of Solar Chimney Power Rant

Sun warmsup the air under the photoconductigellector roof that surrounds the central tower
(chimney).The junction of central tower with collector rasfconstructed to be resistant against
air infiltration. Warm air is lighter than cold air, so it will rise up through the tower.

Steadyair flow cause conversion of air to mechanical enetgyugh theturbines then electrical
energyproduced vigeneratas. In order to produce electricit¥4 hours per dayvater pipes or

water container under the collector rené usedThese pipes or containenly need to be filled
once.

The main components oblar chimney pwer plant

The semitransparent roofe(g.glass)installed at a severatetersabovethe ground.
An elevated chimney, located in the center of collector roof.

Wind turbines, installed ithe junction of chimney with roof.

Piece of coated land

= =4 4 A
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Figure 13: Solar Chimney power plant
Source Left ASME, 2012, Right Renewable Energy Worl@003

4 5FresnelSolar Power Station

In this type of power plantheFresnel collector is used to concentrate sun light on the receiver
tube.Like theparabolic poweplant, collectorsre installed in linear ordemprth to south.

Collectors include plenty ddbng, narrowflat mirrors.The angle okach mirror iset to best
concentrate the sunlight reflection on the receiver. There is a secondary reflector as a parabolic
pair in the receiver to collethte reflected energgnd concentratié onthe receiver tube sthe

fluid (e.g.oil) in the receiver tubwill be heatedThe hot fluid then goes through a heat

exchanger to powerp a steam generator.
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Figure 14: Fresnel Solar Power Station
Source (DOE/NREL, 2000)
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5. Photovoltaic (PV) Power Systems

Some materials are able to absorb photons of light and relegsen, thiphenomenois
called photoelectric effect. Photovoltaic cells convert sunlight directly into electrical energy
without using any mechanical or chemical mechanism.

Photovoltaiccell operations based on the principal of semiconductor technology. When two
semiconductorssuch as silicon and gallium arsenidee put into contact with each other and
exposed to light, electricity will flow between them. This was first noted by BdrBecquerel

in 1839(SEIA). Actual development of PV technology began in the 1950s and gained greater
impetus through the National Aeronautics and Space Administi@id8A) space program
during the 19606NASA). Now researcheararetrying to increase conversion efficiencies and
mass production strategies in order to cost down the producing of PV modules.

Photovoltaicenergy offers seeral advantages over other energy sources

1 It consunesno conventional fossil fuels,

1 Creates no pollution

1 Is awidely available and reliable source of energy

1 Hasno associated storage or transportation difficulties

1 Is eminentlyreliable andpracticableor wide scalgpower production

However this technolgy can be limited because of the movement of theespecially in
extremeattudes.

A variety of materialsnaybeusedin the manufacture of solar cellsach of whichhas different
costefficiency. In factPV cellsmust be designed to convert differeavelengths of sunlight
thatreacheshe arth's surface into useful energy with high efficiency.

The materials used to make solar cells can be classified into three generations:

1 The first generation d?V technologiescrystallinesilicon cells
Silicon is one of the most abundant elementshenearthand itis very suitable for use in
photovoltaic system®epending on how silicon wafers are madgstalline silicon cells
are divided into two general categories: mangstalline silicon and potgrystalline
silicon. Othercrystalline categories include gallium arsenide cells.

1 Second generation of PV technologi€hin film solarcells
After more than 20 years of research and development, thin film solar cells have started
to spreadComparedo silicon wafers, thin films reduced the cost of electrigiyte
significant. Three main types of thin film solar cells, which have already been
commercialized, are:
0 Amorphous silicon (aSi/&i)
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o Cadmium telluride (Cde)
o Coppefindiumi selenide (CIS) an@opper indiumi gallium- selenide (CIGS)

1 The third generation of PV technologiés.development
These technologies are stlhd still beingdevelopedand tested. They include:
o Concentrateghhotovoltaic(CPV)

Organic solar ells

Dye-sensitized solacell

Polymer slar cells

0
0
0
o Liquid-crystalsolar &lls



Close-up of a PV cell
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Figure 15: Crystalline Silicon Cell Structure
Source: Four Peaks Technologi2011
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