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Solar resources and potential
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Solar energy can meet world energy demand
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Even a small-state like Indiana..
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A brief history

Use in Telstar in 1962 and other satellites thereafter
Increasing terrestrial deployment all over the world

Great benefits for telephone users and for all mankind will come
From this forward step in harnessing the limitless power of the sun.

-- Bell Telephone Laboratories, 1954.



Off-grid application ...
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Types of Solar Energy Converter

Photo: Brightsource Energy, Photo: Stirling Energy Systems,
http://ecotechdaily.com/wp-content/uploads/2008/04/brightsource2_620px.jpg www.wapa.gov/ES/pubs/esb/1998/98Aug/Graphics/Pg5b.jpg

Photo: Ausra, Inc.,
www.instablogsimages.com/images/2007/09/21/ausra-solar-farm_5810.jpg

Source: TGW, http://openlearn.open.ac.uk/file.php/1697/220880-1f1.29.jpg



FIGURE 24. Solar PY Global Capacity and Annual Additions, 2007-2017

Shares of total U.S. energy consumption by major sources
in selected years (1776-2017)
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Actors: Sun, Earth, Solar cell, and bank

I ‘ Distance: 1.496x1011 m
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Temperature: 300K
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Sun is a nuclear reactor

G000 K (sun)

Brightness

3000 K (incandescent bulb)

Wavelength in microns
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The extraterrestrial solar intensity
is easily calculated
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Measuring sun’s temperature
without a thermometer

5\ d RN
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I is known from balloon experiment A% ’s _

Measure 6 by angle-ratio
d is known by Newton’s law 0 = 2r/d
7o is determined.
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Temperature of the Sun

o=567+107%

" (SB constant)
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Only a fraction of sunlight arrives at the
@ ground (and that is a very good thing!)
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Sunlight varies with seasons
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Sunlight depends on latitude
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http://www.ez2c.de/ml/solar land area/
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Solar intensity changes with day,
season, and latitudes

Direct normal irradiance (DNI)
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Direct and diffused light

Diffused horizontal irradiance
Global horizontal irradiance

Igny = Ipnpcos(0z) + Ipy; ke = Igyp/locos(6;)



PV intensity is easily determined
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Atmosphere and solar spectrum
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Standard olar spectrum
and air-mass (AM)
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Photoelectric effect and solar cells
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Spectral Irradance (W/m? ym)

Why PV spectrum matters
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Lost in cell-to-module transition
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An Inefficient Machine!
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Course outline: A multiscale problem

Fabrication,
Device physics, Reliability, LCOE

Manufacturing

Cell.

Collection of
independent p-n junction solar cell
2-level PV )
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A magnificent multiscale problem:
Atom-to-farm perspective
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Solar energy is not free

Cost

LCOE =

Energy produced

Cost = cost of converter + maintenance + interest

Energy produced = Insolation x efficiency x lifetime
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... With drop cost of energy produced
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Resources (http://nanochub.org/groups/pv)

Photovoltaics HUB

Resources - Discussion

Welcome to PVhub!
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. ACROUNIQS!16 1433168831

PVhub is  resource for the photovoltaics communty.
s o provide access to five simulations and resources for education and research
an initiatve of the

“F'd put my money on the sun and solar energy. What a source of power! | hape we don't have to wait
0al run out before we tackie that.”

nanoHUB.org

and the

NEWS AND ANNOUNCEMENTS

PVhub goes LIVE today!
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http://nanohub.org/groups/pv

Conclusions

e Photovoltaics is an important source of
renewable energy

e The combination of sun, earth, PV
technology, and financing determine the
trajectory of the industry.

® The spectacular drop in cost has fueled the
growth of the PV industry.

® Our goal is the end-to-end understanding
of PV technology.
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Self-test questions

What is the peak and average energy of the solar
spectrum?! What is the energy flux density on the
surface of the sun?

What fraction of the sky (in solid angles) does the sun
cover!

What wavelengths of light are absorbed by
atomospheric oxygen!

What is the difference between AMO vs. extraterrestrial
spectrum/?

Calculate the DNI intensity on June |5 for at time when
the Azimuth angle is 50 degrees!?
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