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Mission: Improve the effectiveness of solar systems and
those who install them by providing high quality, easy-to-use,
accurate tools with embedded technical know-how.
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Topics

A Where is PV in the US energy mix?

A How does PV work?

A What do PV systems look like?

A What is my solar resource?

A How is PV array performance measured?
A What are the trends in the PV industry?

A Where are the jobs in PV (and RE generally)?
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U.S. Energy Consumption by Energy Source, 2009

Total = 94.578 Quadrillion Btu Total = 7.744 Quadrillion Btu

—Solar 1%

— Geothermal 5%
~ —Biomass waste 6%

Wind 9%

Beticlotis.

Biofuels 20%

| Renewable
Energy
8%

Wood 24%

Nuclear
Electric Power
9%

Hydropower 35%

Note: Sum of components may not equal 100% due to independent rounding.
Source: U.S. Energy Information Administration, Annual Energy Review 2009, Table 1.3, Primary Energy Consumption by

Energy Source, 1949-2009 (August 2010).

http://www.eia.doe.gov/energy in brief/renewable energy.cfm
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U.S. Primary Energy Flow by Source and Sector, 2009
(Quadrillion Btu)

Supply Sources Demand Sectors

Percent of Source Percent of Sector

72

Industrial®
188

Commercial®
10.6

Electric Power”
38.3

http://www.eia.doe.gov/emeu/aer/pecss diagram.html
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Annual US Installed GridConnected PV Capacity
2000-2009

Fig. 2: Annual Installed Grid-Connected PV Capacity by Sector (2000-2009)
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Installed PV capacity worldwide
as of 2009

Installations from 2000

m Germany
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European Photonics Industry Consortium, Report
on Photovoltaics: PV Market Overview 2009.
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Photovoltaic Solar Resource
oe United States

Annual average solar resource

data are shown for a tilt=latitude
ollector. The data for Hawaii and the
Contiguous states are a 10 km satellite
modeled dataset (SUNY/NREL, 2007)
representing data from 1998-2005,

The data for Alaska are 3 40 km
dataset produced by the
Climatological Solar

Radiation Model

(NREL, 2003).
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This map was produced by the National Renewabile Energy Laboratory foe the ULS, Department of Energy.
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United States - Annual Average Wind Speed at 80 m

Source: Wind resource estimates developed by AW S Truewind, — :‘ 0’% i

LLC for windNavigator & Web: http://navigator.awstruewind.com | Aws Truewm "w 'I?!-

vww.awstruewind.com. Spatial resolution of wind resource National Renewable

data: 2.5 km. Projection: Albers Egual Area WGS84. Energy Laboratory
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Solar PV Global Production and Cost per Watt
MW Production Cost per Watt
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Source Solar Buzz, Company reports,, Green Econometrics research

Mote: Sum of components may not egual 100% due to ndependent rounding
Source: US. Encrgy Information Admerestration. Annual Enargy Rewew 2009, Table 1.3, Pnmarny Encsrgy Consumption by
Enangy Source, 1949-2000 (August 2010}
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Grid-tie PV system

PV modules

LTS

Typically 72-96
solar cells per
PV module

To the house To the grid
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From Cells to Arrays




How Solar Cells Work

Photon
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A Charge separation by built-in electric field at the junction

Basic mechanisms of a solar cell:
ACharge generation by photons

ACharge collection at the contacts
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|-V curve of a solar cell

Solar cell Equivalent circuit |-V Curve
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Maximum Power Point

Max Power Point

Imp, Vmp
g \
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-V fibuilding |b
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Area = Imp x Vmp

Current

Units are watts (W)

Voltage Vmp
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|-V and P-V Curves
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Cells In Series & Parallel
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Effect of partial shading

Inverter must identify and track the right peak

Max Power
Isc (P e (until the shade pattern changes!)
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PV array performance factors

Alocal climate
AArray-inverter matching
AArray tilt and orientation
AString layout

AShade

ASoiling

AArray temperature
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Flat Plate PV
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Flat Plate PV
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Portland Habilitation Center PV System

860kW 7-inverter system by Dynalectric Oregon
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Portland Habilitation Center PV System

860kW 7-inverter system by Dynalectric Oregon
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Combiner Boxes

860kW System at Portland Habilitation Center, by Dynalectric Oregon
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Combiner Box

860kW System at Portland Habilitation Center, by Dynalectric Oregon

Bkt 122

. = ) Dsd! hielk o Bslf (D= Eadt 2 et |
£ i E= B b e b b ,.m%,ll-u—.x, e
L, EEIE e ~ == |t 5 Ak el e
. . p— *
" ._ ;..v-.J - L |- .— ﬂ N ') St | §
L R A _ 4l | 4
y 4 l >

Solmetric




Concentrating PV
(CPV)
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Concentrating PV

SVULARIA.

Solaria Materials Used

All materials used in Solaria
modules are industry standard
and have been used for over 25
years in outdoor applications.

Solaria modules only use:

* Industry standard glass
*Industry standard cells

* Industry standard EVA /
* Industry standard ribbon

* Industry standard back=sheet —




Concentrating PV

High Gain Solar
HGS Architecture

http://www.skyline-solar.com/index.htm
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Concentrating PV
‘:morgansolar

Light-guide Solar Optic
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http://www.morgansolar.com/
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Concentrating PV
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Concentrating PV

Fresnel lenses

http://www.amonix.com/content/company



http://www.amonix.com/content/company

Concentrating PV

emcaore

empower with lig

Solar Flux

Lens

Solar Cell ————» \
A

Receiver

http://www.emcore.com/
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Concentrating PV

\ Energy
Innovations*

9?3 Sunﬂower*" sk

HCPV System




Concentrating PV

SolfFocus

Innovation Inspired by Nature

Cassegrainlike
compound optics

httlo://www.solfocus.com/en/
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Multi-junction solar cells
Used in CPV to boost efficiency

Al metallic contacts
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