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Stretched-membrane heliostats with silvered polymer 
reflectors surround the Solar Two power tower in Daggett, 
California. Credit: Sandia National Laboratories / PIX 00036 

Seasonally adjusted fixed-axis photovoltaic panels at the SunEdison 
photovoltaic power plant near Alamosa, Colorado. Steve Wilcox Source: 
National Renewable Energy Laboratory, Photographic Information 
Exchange. 

         Solar Energy 

•  Concentrated Solar (Solar Thermal) 
–  Use solar radiation to generate 

steam for turbine to generate 
electricity 

•  Photovoltaics (from Chapter 8) 
–  directly convert photons into 

electricity 
•  Solar Fuels 

–  Generate H2 (maybe CH3OH) by 
splitting water with solar photons 

•  Positives 
–  no shortage of energy (mind-

boggling large amount of E!) 
–  carbon neutral 

•  Negatives 
–  sun doesn’t shine all the time 
–  transmission losses 
–  land usage issues 
–  energy cost of implementation 

Alamosa SunEdison 8.22 MW PV"
solar plant (activated Dec 17, 2007)"



Need direct (not angled) sunlight & power lines for transmission 

Solar Thermal 

Since solar thermal schemes drive heat (steam) engines, they are limited by Carnot 
efficiency considerations; also an issue of storage 

Stirling Energy Systems, Inc. 
(SES)/Boeing, 25 kW Dish 
Stirling system at sunset. 
Source: National Renewable 
Energy Laboratory, 
Photographic Information 
Exchange. 

Stirling Engine 



Doped: 

Pure: 

Si has 4 valence e- 

As has 5 valence e- 

Ga has 3 valence e- 

Solar Photovoltaics (Ch. 8.9) 



The Periodic Table 

X 
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Solar cell efficiency(%)= Power out (W) x 100%
Area(m2 )x1000W/m2        (10% efficiency=100W/m2  or 10W/ft2 )

Energy content of incoming sun light 

A Photovoltaic Cell 



Lawrence Kazmerski, Don Gwinner, Al Hicks, 11/11/07, NREL 

PV Cell Efficiencies Since 1975 



System Energy Payback Times for Several Different Photovoltaic Module Technologies 

1. V. Fthenakis and E. Alsema, "Photovoltaics energy payback times, greenhouse gas 
emissions and external costs: 2004-early 2005 status," Progress in Photovoltaics, vol. 
14, no. 3, pp. 275-280, 2006. 

2. Assumes 30-year period of performance and 80% maximum rated power at end of lifetime. 

Solar PV Energy Balance Calculations 



Solar Panels 

Typical solar panel is 1 m x 2 m & produces 75-350 Watts of power 

Solar cell efficiency(%)= Power out (W) x 100%
Area(m2 )x1000W/m2        (10% efficiency=100W/m2  or 10W/ft2 )

Energy content of incoming sun light 75 W
1 m × 2 m ×1000W/m2 ×100% = 3.7%

350 W
1 m × 2 m ×1000W/m2 ×100% = 17.5%

It is dark at night so panel only produces electricity ~ 1/3 of the time, so 117 W/panel 

117 W= 117 J
sec

×
60 sec
1 min

×
60 min

1 hr
×

24 hr
1 day

×
365 days

1 year
= 3.7 ×109  J=3.7 GJ

US uses 13.3 EJ electricity/year, so  

13.3 ×1018 J× panel
3.7 ×109  J

= 3.6 ×109  panels ⇒ 7.2 ×109  m2 = 7,200km2

100 million homes in US, putting 12 panels on each would give 1/3 of needed power 

US Interstate highway system is 3,500 km2  

Context: 



Zweibel, K.; Mason, J. Fthenakis, V. “A Solar Grand 
Plan”, Scientific American, 298 #1 64-73 2008. 

• Goal: to provide 69% of our electricity 
• Goal: to provide 35% of our total energy 
• 46,000 square miles of land will be required (size of New York state) 
• $420 Billion investment (2007 Federal budget for Defense was $700B) 

Goal for 2050    (2007) 
PV: 

 30,000 sq miles land   (10 sq miles) 
 14% module efficiency   (10%) 
 Installed cost: $1.2/W   ($4/W) 
 Electricity price: $0.05/kWh  ($0.16/kWh) 
 Total capacity: 2,940 GW  (0.5 GW) 

Compressed Air storage: 
 535 billion cu ft    (0) 
 Installed cost: $3.9/W   ($5.80/W) 
 Electricity price: $0.09/kWh  ($0.20/kWh) 
 Total capacity: 558 GW  (0.1 GW) 

Solar Thermal: 
 16,000 sq miles land   (10 sq miles) 
 17% module efficiency   (13%) 
 Installed cost: $3.7/W   ($5.30/W) 
 Electricity price: $0.09/kWh  ($0.18kWh) 
 Total capacity: 558 GW  (0.5 GW) 

Assuming 2 year energy payback: 

A Grand Solar Plan Indeed 

2 years × 4056GW × 24 hrs
1 day

× 0.35 × 365 days
1 year

× 0.85 × 1x106kW
1GW

× 3.6x106J
1kWh

= 38.0x1018J=38 EJ
fraction sunny 
hours in a day 

fraction sunny 
days in a year 



Energy Summary 
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World Reserves 

Coal 20,200 EJ 

Natural Gas  7,170 EJ 

Oil 10,200 EJ 

US use: 

Coal  20.8 EJ 

Natural Gas 26.3 EJ 

Oil 37.2 EJ 

Nuclear 8.7 EJ 

Biofuels 16.7 EJ 

Wind 36 EJ 

Solar 38 EJ 



Cost of Electricity from Alternative Energy Sources 
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