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Application: Power Plants and 

Industrial Facilities

Industrial Rooftops Residential Rooftops and 

Small Power Plants
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Advantages Disadvantages

Silicon PV

Module efficiency 
approaching 20%+

Å Indirect sunlight acceptable
Å Operates with or without tracking
Å Mature, robust technology

Å Limited efficiency improvements possible 
without adding tracking

Å Significant efficiency loss at high ambient 
temperatures

Thin Film PV

Module efficiency 
approaching 10%+

Å Indirect sunlight acceptable
Å Potential for lowest cost/kWh
Å Can be integrated into building 

materials

Å Low efficiency, long term reliability 
unproven 

Å Requires significant surface area and 
large support structure

Å Efficiency loss at high ambient 
temperatures

Å Cd/Te approach utilizes scarce, 
environmentally - challenging materials

High Concentrating 
Photovoltaics (HCPV) 

Module efficiency >25%

Å Potential for highest module and 
system efficiency

Å Good performance in hot climates
Å Potential for lowest $/kWh/m 2 

Å Significant efficiency improvement 
still possible

Å Highest power delivery during peak 
loads

Å Requires direct sunlight, complex optics 
and tracking

Å Optical and tracking losses degrade 
system efficiency

Å Generally not cost effective below 100 kW
Å Long term reliability unproven

Concentrating Solar 
Thermal (CST)

Efficiency is 
configuration - dependent, 
but could exceed 25% 

Å Efficient in large, utility - type 
installations 

Å Potential to store energy
Å Not dependent on cell efficiency 

improvements

Å Requires direct sunlight and water for 
cooling 

Å Capital intensive installation 
Å Remote locations create permitting, land 

use and transmission line availability 
challenges

Å Generally not amenable to distributed 
power applications
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ÁSilicon cells only capture a portion of the solar 

spectrum from approximately 500 to 1000 nm

ÁCPV cells employ three compound semiconductors 

connected in series to capture solar spectrum from 

approximately 300 to 1600 nm

ÁCPVõs three junction structure makes better use of 

energy available in the solar spectrum: typical CPV 

cell efficiency 28% to 31% (non -concentrated 

illumination) compared to 18% to 21% for Si cells 

ÁUnder 1000X concentration, a 1 cm
2

CPV cell 

can furnish >25W equivalent to the power 

delivered by at least 10 5 -inch Si solar cells

ÁOptics and tracking requirements add volume 

to the CPV system decreasing its W/m
2

advantage 

at the system level

ÁComparison of delivered power for current 30 m
2

system:

ü Approximately 4kWp (Si, one -axis 

tracking)

ü Approximately 5.5kWp (CPV, two -axis 

tracking)

ÁCPV system requires about 30% less land area 

than one -axis tracking Si system to deliver the 

same amount of peak power

Source: Fraunhofer Institute, Spectrolab
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Individual bandgaps determine voltage contribution from each subcellIndividual bandgaps determine voltage contribution from each subcell














