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Solar 101

A brief introduction to the solar
resource, photovoltaic science and its
history
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Home

Internal structure:

inner core
radiative zone Subsurface flows

convection zone

The Sun, a star amongst celestial
bodies, is actually a star at the center
of our universe. It provides the energy

Spicsphere that supports life on our planet.
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Corona
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The Sun’s provides more energy to our
planet than for which we have the need.
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EnercY  Solar Resource

Mean Annual Global Insolation

How we use the Sun’s
potential energy can be
classified in two ways:
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Longwood Gardens’ (PA) 30,000-square-foot, state-of-the-art
Production Greenhouse Facility is the perfect marriage of
beauty and brawn. High-tech systems power the 378' by 80'
range of nine greenhouses, making it possible to produce
exquisite plants year round under all conditions

Directing Natural
Daylight into our homes.
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SUN TUBE LIGHT

Using the sun/fto heat water
fora Dr a swim... S
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During summer months the eaves shade
the sun from the windows in the home,
resulting in minimal heat gain.

During winter months the sun is
allowed to shine into living areas,
resulting in maximum heat gain.
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Solar PV — Converting the
sunlight to electricity

T .

CSP — Concentrating the
suns power to create
steam or melt salt for
thermal storage
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Photon

- a basic unit (or guantum) of
electromagnetic (or light) energy
or radiation.

Light
- electromagnetic wavelengths of
energy
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AIP Physics Teachers Conference Proceedings.
http://www.vicphysics.org/events/stav2005.html, 2005.



http://www.vicphysics.org/events/stav2005.html, 2005.
http://www.vicphysics.org/events/stav2005.html, 2005.
http://www.vicphysics.org/events/stav2005.html, 2005.
http://www.vicphysics.org/events/stav2005.html, 2005.
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How PV works and how it is applied
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The PV cell absorbs the photon. This extra
energy excites the electrons in the cell and
causes them to flow.

This flow of electrons is in the form of direct
current and is what we refer to as electricity.

Sunlight

Solar Modules
DC Power

A Electron
Flow

p-type
silicon
Junction
.'Holal'
v Flow Solgr Panel |
D'ag ram Submerged Pump

L Ron Curts & MrSolar.com
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Niagara Science Museum

Edmund Becquerel discovered the Photovoltaic Effect in 1839

Mars Rover

Vanguard 1 Satellite
with 0.5W PV Cell
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Climax Solar-Waber Heater

TELINS 353 57 JATDLY ST FIACE

THE SUN' S HEA [ fes "?f'“:“‘-" At

- cannncE b ru“: ALY, N

1891 The first commercial solar water
heater was invented by Clarence Kemp
in Baltimore, MD. Kemp called the
water heater the Climax Solar-Water
Heater, and marketed it to men whose
wives had “gone off with their maids to
summer at some resort.”
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c-Si SOLAR CELL
DEVELOPMENT

wafer thickness in uym &
silicon usage in g/Wp
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source: EU PV Technology Platform Strategic
Research Agenda, C-Si Roadmap TPV, EPIA
roadmap 2004.
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Cost & Efficiency
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Source: EIA, Piper |affray Research.

Source: U. S. Department of Energy, Energy Efficiency and Renewable Energy
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GLOBAL EVOLUTION THE WORLD PV
OF PV INSTALLED CAPACITY
MW MARKET IN 2009
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source: Global Market Outlook for Photovoltaics until 2014, EPIA, May 2010. source: EFIA.
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Group of PV cells is a Module
Group of PV modules is a Panel
Group of PV panels is an Array
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metal frame

edge seal
low-iron tempered glass

encapsulant

cell circuit

multilayer backsheet
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Irradiance or Radiation
- the rate of solar radiation falling on an area at a moment in time — kW/m?2

Irradiation or Insolation
- the amount of solar energy over time
- kWh/m2/day

Production or Output or Generation (Annual)
- kWh/kWp
- MWh/MW-AC

Capacity Factor
- ratio of the actual output of a power plant over a period of time to its
potential output

Capacity Factor
- ratio of the actual output of a power plant over a period of time to its
potential output

Performance Ratio
- ratio of the actual yield (output) to the target or expected generation
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The Case for Solar




7__*
€0 ERMSNTY - PV isn’t perfect...

Solar energy doesn’t reach the earth’s surface on
an exact schedule. Weather place a large role in PV
generation estimating.

Sunsets are beautiful but we
cannot generate electricity through
PV at night.




b |

€0 ERERE™™  Variable Resource

Fam-&lynobem October 20, 2008

Photovoltaic Solar Resource
+e United States

e Annual average solar resource
data are shown for a tilt=latitude
‘collector. The data for Hawaii and the
 contiguous states are a 10 km satellite
modeled dataset (SUNY/NREL, 2007)
representing data from 1998-2005,
-~ Y The data for Alaska are 3 40 km
dataset produced by the
. ¥ Climatological Solar
Radiation Model
(NREL, 2003).
-

e e— PR PN
— |
o W 2 % PNREL

o > e 4}.
7

bo

This map was produced by the National Renewabile Energy Laboratory fore the ULS Department of Energy.
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for

) A Performance Calculator

S Grid-Connected PV Systems

A new map-based interface for PVWatts has been released. This new version combines capabilities from both
version 1 (below) and a gridded monthly data set; this updated interface is available at PVWatts. The interface

below has been retained for the near future.

Version 1

PVWatts v. 1 can be used for locations accessible through links on the map below, or through a text list for U.S. sites; or for sites outside the US|
lists by region. Researchers at the National Renewable Energy Laboratory developed PVWATTS to permit non-experts to quickly obtain perforyg
for grid-connected PV systems.

Also available is an option to output hourly performance data. This option can be run after the inital calculation, and outputs the data in a separal
window. Instructions for saving the output to a text file can be accessed through the "Help" link at the top of the hourly output page.

H4 Results, variant VCO "STP_GE_1.15 Linear Fixed”

—Simulation parameters

Project PuertoRico
Site SAN JUAN PV modules TP 270-24//b-1CUSTOR Inverter triliance 1M - Preliminary CEQ
System type Grid-Connected Mominal Power 1152 Kwp v, unit power 1000 kw
Simulation  01/07t0 31412 MPPYaltage 3}|aY Hb. of inv. 1

[Generic meten data) MPF Currert 7B A

—Main result

Systern Production 1749 Mwhiyr Mormalized prod, 416 Ewh/\wp/day
Specific prod. 1519 Ewhidwpdyr Aray losses 1.16 EwhkWwp/day
Performance Fatio 0.762 System losses 014 Ewhdwipdday
—Detailed results
= T g Daily Input/Qutput diagram
The US & Its Territories Regio Tooo — Y |p T p. A T T
- Values from 01401 to 31Mz2 Feport | Tables |
To start the calculator, click on a state, or choose a state from the To start the calculd | =500 |- p
list of States and Territories. choose a country-cf | B | ﬁ ﬁ |
Predef. graphs Hourly graphs
gSUUU - — R JEE
*Start PVWa | & i
£4000 | ] &8 Ecanomic evaluation
Foraly E [
abbe{ | S3000 | .
=
5 |
F—— £z000 B . Print | Load |
EGY Aswa( | 500 I I 1 ] ]
2 * Global ingident in coll plane [KWfhiF day] | 8 < Back | Save |
' Asia —
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O Canada
AL Calgary v
O Central America & Caribbe:
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No Fossil Fuels
- Once a PV System is installed it produces “clean” electricity. It uses sunlight as its fuel so it is
completely renewable and does not produce harmful emissions.

Simplicity
- PV systems have no moving parts and do not require continuous maintenance. They can also be
deployed to almost any area in the world.

Longevity
- Solar modules have long warranties and have been proven to Last for more than 40 years. As
long as the sun continues to shine, a PV system will unobtrusively produce green electricity.

Safety
- Because there is no fuel, there is no danger in working with
harmful chemicals or highly flammable and combustible materials.

Recyleability

- PV systems use basic materials such as silicon, copper, steel and
aluminum. They can have a very low environmental impact and can
be reused or recycled at the end of their useful life.




