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Scale of Energy Systems 
• The energy system is one of the largest infrastructure systems 

• How will technology and societal views interact to shape it? 
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transportation energy transition 

• Transportation – major infrastructure transition given impetus 
by environmental issues  

 1894, the Times of London estimated  that by 1950 every 
street in the city would be buried nine feet deep in horse 
manure. 
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terawatt challenge 
• In the two decades (famous paper 1995) since the TW challenge 

paper, renewables have reached multiple milestones  
 

6 

NREL,2012 Renewable 
Energy Data Book 
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state of photovoltaic industry 

Evolution of Installed PV 

Fraction of total 
electricity from PV 
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state of photovoltaic industry 

• Two dominant technologies; silicon and thin film 
• Silicon ~ 90% of industry; thin film is CdTe and CIGS 
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photovoltaic efficiency 
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photovoltaic at asu 
• ASU –50% of peak electricity supplied by PV; 20% of total 

electricity 
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but what about….  
• Energy payback time 

– Less than 1 year to 2 years 
depending amount of sun at a 
location 

• Land use 

– Nuclear/Solar land use area ~ 1.8 

• Energy density (same as Uranium) 

• Materials availability 
– For silicon, limitation is silver in grids, 

which cause a limitation at 2 TW 
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but what about…..  

• Duck curves - grid integration and stability  
– Impacts the grid  

only under  
conditions where  
utilities are  
required to buy  
solar electricity. 

– Places economic  
pressure on  
photovoltaics and 
need for  
advanced  
technologies  
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what to we need in photovoltaics 
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Moore’s Law for photovoltaics 

• Rapid semiconductor development 
tied to “Moore’s Law” – cost and  
performance related to a  
technologically controlled parameter 

• Solar cells increase efficiency as  
thickness is decreased 
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silicon single junction – path to 50% 
• Can exceed efficiency limit using optical approaches 
• Very few photovoltaic systems “see” sunlight for 180 acceptance 

angle due to angle dependence of reflection, buildings, etc. 
• Rejecting the horizon band allows smaller acceptance angle 

without power loss over the year 
Rejected 
horizon 
band 

½ angle 
α 

Total Power 
(kWh/m2-yr) 

10º 15º 583 
  60º 581 
20º 15º 547 
  60º 544 
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photonic control for solar cells 

• New approaches for light trapping 
for thin solar cells 

This image cannot currently be displayed.
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nanostructures in photovoltaics 

• Control over electronic structure 
• Quantum dots enable multi-color operation of photovoltaics 
• Dramatically changes material properties  
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advanced approaches 

• Nanostructures enable control over electrons, photons and 
heat transfer 
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thermodynamics & solar energy 

Thermodynamics tells us we are 
nowhere near the efficiency potential,  
for ANY of the technologies 
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thermodynamics & technology 

“we wanted flying cars and we got 140 characters” 
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what can we do with the energy? 

– Several TW installed capacity can extract and convert CO2 
in atmosphere. 

– 100 GW meets 70% of California’s water needs by 
desalinization 

– Send people into space (much bigger than TW) 
– Change paradigm of energy use and conversion – 

continuously monitor people’s health, or directly interact 
with biological system 

This image cannot currently be displayed.

This image cannot currently be displayed.
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future of photovoltaics 

• Thermodynamics tells us 
nearly anything is possible. 

• The best options depend 
on imagination and 
involving society in 
shaping the future 

• The moonshot showed the 
world that science can 
change what society 
believes is possible 
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Pveducation.org 

• More information on solar on www.pveducation.org  
 

http://www.pveducation.org/
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Thank you. 

Christiana Honsberg, Director  
QESST Engineering Research Center 
Arizona State University, P.O. Box 875706, 
Tempe, AZ 85287-5706 
 
Engineering Research Center Building Suite 187 
Christiana.Honsberg@asu.edu 
(480) 965-8625 



Brought to you by the Nanotechnology Applications and Career Knowledge (NACK) Network 



To access this recording and slides 

 

 

 http://nano4me.org/webinars.php  

Or 

 

 

http://ncisouthwest.org/index.php/webinars/ 

Webinar Recordings & Slides 

http://nano4me.org/webinars.php
http://nano4me.org/webinars.php
http://nano4me.org/webinars.php
http://ncisouthwest.org/index.php/webinars/


Thank you for attending the  
NACK Network & NCI-SW webinar  

 
Please take a moment to complete our 

survey  
  

Thank You! 
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