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Global Solar Global Solar RadiationRadiation
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EvolutionEvolution ofof PhotovoltaicPhotovoltaic cellscells
productionproduction
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Global market by segments

PHOTOVOLTAIC MARKET SEGMENTSPHOTOVOLTAIC MARKET SEGMENTS

Grid-connected
houses & 
business  42%

Grid-connected
Power Plants 2%

Stan-alone
Houses and 
business-6%

Hybrid syst. with 
diesel g. 10%
Stand-alone
in developing 
Countries-12%

Consumer 
goods-14% Telecommunications

& signalization 14%
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Solar Cell: Design CalculationSolar Cell: Design Calculation

http://jas2.eng.buffalo.edu/applets/education/pnapp/solarcell/index.html
Source:
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Silicon CellsSilicon Cells
SingleSingle--Crystalline Silicon:  presents a completely Crystalline Silicon:  presents a completely 
ordered structure, whose uniform behavior turns ordered structure, whose uniform behavior turns 
it optimal semiconductor, but of onerous it optimal semiconductor, but of onerous 
manufacture. Easily reconocible by his dark and manufacture. Easily reconocible by his dark and 
metallic bluish monochrome.metallic bluish monochrome.
Polycrystalline Silicon: presents ordered Polycrystalline Silicon: presents ordered 
structures separated by regions. The irregular structures separated by regions. The irregular 
connections of the crystalline borders diminish connections of the crystalline borders diminish 
the yield of the cell, limiting the photocurrent the yield of the cell, limiting the photocurrent 
generation. Its aspect is a composition of generation. Its aspect is a composition of 
different crystal of metallic bluish and gray color.different crystal of metallic bluish and gray color.
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Amorphous Silicon CellsAmorphous Silicon Cells

They differ from the other crystalline structures They differ from the other crystalline structures 
presenting  a high degree of disorder in the structure of presenting  a high degree of disorder in the structure of 
the atoms.  They contain a great number of structural the atoms.  They contain a great number of structural 
defects and connections. defects and connections. 
Presenting a spectral response with displacement to the Presenting a spectral response with displacement to the 
blue, are very efficient under artificial illumination (mainly blue, are very efficient under artificial illumination (mainly 
under fluorescent lamps).under fluorescent lamps).
The efficiency The efficiency -- in this case in this case –– is superior to the is superior to the 
crystalline silicon. Amorphous silicon cells have a crystalline silicon. Amorphous silicon cells have a 
simpler manufacturing process than crystalline cells and, simpler manufacturing process than crystalline cells and, 
therefore, a lower cost.therefore, a lower cost.
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Thin film photovoltaic cellsThin film photovoltaic cells

Thin film cells use Copper Indium Thin film cells use Copper Indium 
DiselenideDiselenide, Cadmium Telluride , Cadmium Telluride (CdTe), and , and 
Gallium Arsenide as thin film materials, Gallium Arsenide as thin film materials, 
typically a few typically a few µµm or less in thickness, m or less in thickness, 
directly deposited on glass, stainless steel, directly deposited on glass, stainless steel, 
ceramic or other compatible substrate ceramic or other compatible substrate 
materials. materials. 

Thin film technology uses less material per Thin film technology uses less material per 
square area of the cell, hence, is less square area of the cell, hence, is less 
expensive per watt of power generated.expensive per watt of power generated.

3333

I-V        P-V







−−= 1kT

qV

SL eIII

I:   pannel current.
V:  panel voltage.
IL:  photogenerated current.
IS:  reverse saturation current.
q:  electron charge.
k:  Boltzman constant.
T:  semiconductor temperature.

EquationEquation andand characteristicscharacteristics ofof thethe solar panelsolar panel
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EfficiencyEfficiency ofof PhotovoltaicPhotovoltaic CellsCells
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EffEff..Silicon cells

Source:  Martin A. Green e.a.-Progress in Photovoltics Research and Applications 2003-11
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University of
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EfficiencyEfficiency ofof PhotovoltaicPhotovoltaic CellsCells

Source:  Martin A. Green e.a.-Progress in Photovoltics Research and Applications 2003-11 3636
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CellCell typestypes global global productionproduction
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MulticrystallineMulticrystalline ingotingot factoryfactory

DeutsheDeutshe SolarSolar 3838

Planned cell produc-
tion and capacity for
2004

Source: Photon International
April 2004
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Top cell producers in 2002 and 2003Top cell producers in 2002 and 2003

0 50 100 150 200 250

Sharp

Kyocera

BP Solar

Shell Solar

RWE Schott Solar

Mitsubishi Electric

Isofoton

Sanyo

Q-Cells

Deutsche Cell

Motech

Photowatt

Astropower

2002
2003

Production in MWp

Source: Photon International
April 2004 4040

CellCell productionproduction sharesshares in 2003in 2003

Source:
Photon In-
ternational
04/2004
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CellCell productionproduction
sharesshares perper

continentcontinent in 2003in 2003

Source: Photon International
April 2004 4242

ForecastForecast fieldsfields ofof PV PV applicationsapplications
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DC/DC Converters for simple DC/DC Converters for simple 
applicationsapplications

4444

Simple Simple chargescharges directlydirectly connectedconnected

DC motor water pump connected to a photovoltaic module 
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Karcha Bahlut - Paraguay

Colocación de paneles solares en centro comunitario

4646
Lighting with photosolar energy in a night clas for
adult alphabetisation in Karcha Bahlut-Paraguay
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DC/DC Converters for simple applicationsDC/DC Converters for simple applications
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StanStan--alone plants for local consumersalone plants for local consumers


