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The Promise of Solar Electricity



Robust Global Solar Resource

Source:  http://howto.altenergystore.com/Reference-Materials/Solar-Insolation-Map-World/a43/



Applications of Solar Heat and Electricity

Photovoltaics (PV) 

Concentrating Solar Power 
(CSP)

Centralized 
Generation, large 
users or utilities

Distributed 
Generation, 
on-site or near point 
of use

Solar Thermal

Transportation

Residential & 
Commercial Buildings

Industrial

Passive solar           Hot water



Advantages
• Modular (mW to many MW)
• No (or few) moving parts
• Noise and pollution free
• Reliable; low operating costs
• Abundant, indigenous resource

(30,000 km
2

PV for 800 GW)

Photovoltaics (PV)
• Direct conversion of

sunlight to electricity

02679658

Photovoltaics – Solar Electricity



Worldwide PV Shipments
PV has historically been a marginal power source, but incentives drove steep growth in 
demand from ’01-’05 Foreign incentives and R&D programs have driven worldwide 
competition past U.S. producers



Photovoltaics R&D



Source:  New Energy Finance 2007

2006 Investment and M&A – By Sector and Asset Class

Annual VC Investment Volume – 2001-2004 Compared With 2005-2006

Money is Flowing into the Sector



• Investment in policy and R&D equal priorities

• Solar is real now

• Need to drastically cut the time from lab-bench   
discovery to manufacturing

• Overall investment in science and technology 
has to be increased (balance, workforce . . .)











































Thin-Film PV Companies (USA)

a-Si/Thin-Si
Uni-Solar – MI
Applied Materials – CA
Power Films – IA
Energy PV – NJ
MV Systems – CO
XsunX – CA
OptiSolar – CA
Signet Solar – CA
Nano PV – NJ
MWOE Solar – OH
Proto Flex – CO
New Solar Ventures – NM
Innovalight – CA
Nanogram – CA
Soltaix – CA
Xunlight Corp. - OH

CdTe
First Solar – OH
PrimeStar Solar – CO
AVA Solar – CO
Solar Fields – OH
Canrom – NY
Ascentool – CA
Nuvo Solar Energy – CO
Zia Watt Solar – TX
Solexant – CA
Bloo Solar – CA

CIS
Global Solar – AZ
Miasole – CA
Energy PV – NJ
Ascent Solar – CO
ISET – CA
ITN/ES – CO
Daystar – NY
Nanosolar – CA
Heliovolt – TX
Solo Power – CA
Solyndra – CA
RESI – NJ
Light Solar – NV
Ampulse – TN
Stion – CA

Organic
Konarka – MA
Plextronix – PA
GPEC – NJ
LumoFlex – GA
MicroFab – TX
Luna Innovations – VA
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Terrestrial solar spectrum



4 5 6 7 8 9
1

2 3 4

Energy (eV)

Single-junction cells respond to a specific portion of the 
solar spectrum
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Multijunction cells use multiple materials to more fully match the 
solar spectrum



Concentrator Photovoltaics

Shifts the major system cost from the cell to the optics
Can afford more efficient, expensive cells

solar cell

Flat Plate Concentrator

lens or
mirror

Use optics to reduce the cell area (from 2 to more than 1000 times)







Ge bottom cell 
and substrate

Graded Layer/Buffer

GaInAs middle cell

GaInP top cell

Metal
40.7%  Boeing/Spectrolab, 2006

1.9 eV

1.4 eV

1.0 eV

1.8 eV

1.3 eV

0.7 eV

New research: from 40% to 50%



GaInAs bottom cell

Graded Layer/Buffer

GaAs middle cell

GaInP top cell

Contact

38.9% @ 80 suns
NREL, 2007

Ge bottom cell 
and substrate

Graded Layer/Buffer

GaInAs middle cell

GaInP top cell

Metal
40.7%  Boeing/Spectrolab, 2006

1.9 eV

1.4 eV

1.0 eV

1.8 eV

1.3 eV

0.7 eV

New research: from 40% to 50%



VHESC architecture is based on co-design of

• optics (mild C and SS) • interconnects • solar cells 

This architecture significantly increases the design space for high performance photovoltaic modules in 

terms of materials, device structures and manufacturing technology.

DARPA Very-High Efficiency Solar Cell (VHESC) Pro
Objective:  50% module for dispatchable applications





CPV Companies (USA)

Triple-Junction
High Efficiency
(cells/modules/systems)
Spectrolab - CA
Emcore - NM
MicroLink Devices - IL
Opel International - CT

Modules/Systems
Amonix - CA
JX Crystals - WA
SolFocus - CA
Practical Instruments - CA 
Stellaris - MA
Soliant - CA
Energy Innovations - CA
Midway Labs - IL
Prism Solar Technologies - NY
Enfocus Engineering - CA
Solaria - CA
Cool Earth Solar - CA
Greenvolts Inc. - CA



CPV Systems

www.amonix.com

Solar Systems 
(reflective)

www.solarsystems.com.au

Amonix (refractive)

www.Solfocus.com

Solfocus 
(reflective & optical 
rod)



Low-Profile CPV Systems

www.energyinnovations.com

Energy Innovations (800-suns)

www.soliant-energy.com

Commercial rooftops and utility targeted

Soliant Energy (500-suns)
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USA – Looking Good

Creating a U.S. Market for Solar Energy, by Rhone Resch, President of the Solar Energy Industries Association. 

Germany: 57% world PV US: 7% world PV 



Challenges in Realizing Solar 
Electricity



Making Transformational Change
Requires an integrated approach

National Renewable Energy Laboratory                                                                                         Innovation for Our Energy Future

FILL technology 
pipeline

INFORM decision 
makers about choices

ENSURE appropriate 
market price signals



National Renewable Energy Laboratory                                                                                         Innovation for Our Energy Future
Operated for the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy by Midwest Research Institute • Battelle

Visit us online at www.nrel.gov

http://www.nrel.gov/
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