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Clean energy

o>

» Fossil fuels: 75% of global greenhouse gas emissions and ~90% of all carbon dioxide emissions
» Emissions need to be reduced by almost half by 2030 and reach net-zero by 2050
 Alternative sources of energy (clean, accessible, affordable, sustainable and reliable)

 Fossil fuels account for more than 80% of global energy production

* ~29% of electricity currently comes from renewable sources

1. Renewable energy sources are all around us

4. Renewable energy creates jobs
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History of solar cells

» Photovoltaic effect— reported in 1839 by Becquerel, who observed a light-dependent voltage between electrodes immersed in an electrolyte
» Observed in an all-solid-state system in 1876 for the case of selenium — development of photocells based on Se and cuprous oxide

» 1941: asilicon cell was reported

» 1954: the forerunner of present silicon cells was announced (the first photovoltaic structure with reasonable efficiency)

« 1958: power sources in spacecrafts

» Early 1960s: the design of cells for space use had stabilized (major application until next decade)

« 1970s: reawakening of interest in terrestrial use of these devices — terrestrial use outstripped the space use

+ 1980s: significant reduction in solar cell costs, newer device technologies

» A continual expansion of the range of commercial applications

Crystalline silicon solar cell Organic solar cell
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Global irradiation
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Long-term average of direct normal irradiation (DNI)
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This map is published by the World Bank Group. funded by ESMAP, and prepared by Solargis. For more information and terms of use. please visit http://globalsolaratlas.info.
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SOLAR RESOURCE MAP

GLOBAL HORIZONTAL IRRADIATION
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© 2019 The World Bank
| Source: Global Solar Atlas 2.0
Solar resource data: Solargis

Long-term average of global horizontal irradiation (GHI)
Daily totals: 22 26 3.0 3.4 38 4.2 4.6 5.0 5.4 5.8 6.2 6.6 7.0 7.4
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This map is published by the World Bank Group. funded by ESMAP, and prepared by Solargis. For more information and terms of use. please visit http://globalsolaratlas.info
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World photovoltaic power potential
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Source: Global Solar Atlas 2.0
Solar resource data: Solargis

Long-term average of photovolaic power potential (PVOUT)
Daily totals: 2.0 2.4 2.8 32 3.6 4.0 44 4.8 52 5.6 6.0 6.4
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Yearly totals: 730 876 1022 1168 1314 1461 1607 1753 1899 2045 2191 2337

This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.
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Solar power generation

Solar power generation

Electricity generation from solar, measured in terawatt-hours (TWh) per year.
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Source: Our World in Data based on BP Statistical Review of World Energy; Ember OurWorldInData.org/renewable-energy « CC BY
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Solar power generation
Solar power generation

Electricity generation from solar, measured in terawatt-hours (TWh) per year.
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Cell Efficiency (%)
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Photovoltaic market

SOLAR PV MARKET
B Monocrystalline Size by Product, 2020 - 2030 (USD Billion)
I Polycrystalline 306.16B
1 Cadmium Telluride
I Amorphous Silicon

Copper Indium Gallium Di-Selenide
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Photovoltaic metrology
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* 2 beam technique:

- monochromatic irradiation

- Bias irradiation ﬁﬁm‘iﬂ.‘l’

A lati
Photodiode, traceable to SI el

+ Reference radiometer: ‘ mimors for

monochromator
FEL lamp with triple
Xe lamp grating turrets

Differential spectral responsivity (DSR) setup
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Differential spectral responsivities

Epishine organic indoor solar cell
Area: 50 x 50 mm?

Flexible, Thickness: 0,2 mm
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Uncertainty analysis

Uncertainty contributors Uncertainty range

The reference detector u(s.f(600 nm))=0,035% up to u(s,.{ 1180 nm)=3,6%
Aperture u=0,03%

Non-uniformity of spectral irradiance u<0,02%

Measurement electronics u(lock-1n)<0,01% , u(TIA)<0,07%
Reference plane u<0,07%

Bias spectrum u<0,1%

Bandwidth u<0,001% to 0,2%

Wavelength u<0,03%

Reproducibility/Noise u<0,08%

Temperature u<0,01%
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