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Maximum efficiency of solar thermal engines 
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Solar Hot Water Systems 
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How Much Area You Need? 
• 80 Gallon of Water 
• Start temperature Ti=15 oC 
• Hot water temperature Tf=60 oC 

( )ifs TTmctJA −=•Δ•• η 
Energy Balance 

hours/day5.5=Δt 
Specific heat c= 4180 J/kg.K 
Js=1000 W/m2 

Thermal efficiency η=60% 

A=5.1 m2 
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http://collector-solar.com/products/index.htm 
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Image by EERE.

Images removed due to copyright restrictions.
Please also see:
http://greennav.files.wordpress.com/2008/03/solar-panel.gif

 

http://www.mdelectric.ca/1_Pictures/Green
Energies/GE-ViessmannCollector.jpg 


Photo by szczel on Flickr.

Figure by MIT OpenCourseWare.

http://greennav.files.wordpress.com/2008/03/solar-panel.gif
http://www.mdelectric.ca/1_Pictures/Green%20Energies/GE-ViessmannCollector.jpg
http://www.mdelectric.ca/1_Pictures/Green%20Energies/GE-ViessmannCollector.jpg
http://www.flickr.com/photos/stefan-szczelkun/1639659393/
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Evacuated Tube Technology 
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2.9 

hen, MIT 

For 2.9 

to 

Electric
al E 

Vacuum Tube Hot Water Heaters 

Unpressurized Separate Tank Collector 
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Images removed due to copyright restrictions. Please see:
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Glass_Evacuated_Solar_Collector_Tube-SFVB.jpg

http://img.diytrade.com/cdimg/194777/1624573/0/1160536136/Metal-
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Images removed due to copyright restrictions. Please see any photos of solar water heaters, such as:  

http://image.made-in-china.com/2f0j00ferESMmCAVoH/Solar-Collector.jpg

http://image.made-in-china.com/2f0j00VBdtYnQhIaRE/Split-Pressurized-Solar-
Water-Heater-CY-SP-24-.jpg

http://img.diytrade.com/cdimg/194777/1624552/0/1160536024/All-Glass_Evacuated_Solar_Collector_Tube-SFVA.jpg
http://img.diytrade.com/cdimg/194777/1624552/0/1160536024/All-Glass_Evacuated_Solar_Collector_Tube-SFVA.jpg
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http://img.diytrade.com/cdimg/194777/1624568/0/1160536058/All-Glass_Evacuated_Solar_Collector_Tube-SFVB.jpg
http://img.diytrade.com/cdimg/194777/1624573/0/1160536136/Metal-Glass_Evacuated_Solar_Collector_Tube-SFVC.jpg
http://img.diytrade.com/cdimg/194777/1624573/0/1160536136/Metal-Glass_Evacuated_Solar_Collector_Tube-SFVC.jpg
http://image.made-in-china.com/2f0j00ferESMmCAVoH/Solar-Collector.jpg
http://image.made-in-china.com/2f0j00VBdtYnQhIaRE/Split-Pressurized-Solar-Water-Heater-CY-SP-24-.jpg
http://image.made-in-china.com/2f0j00VBdtYnQhIaRE/Split-Pressurized-Solar-Water-Heater-CY-SP-24-.jpg
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Courtesy of Hills Solar. Used with permission.
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Courtesy of IEA-SHC. Used with permission.

Courtesy of IEA-SHC. Used with permission.
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Image removed due to copyright restrictions
Please see Fig. 1a in Gleckman, Philip, Joseph
O'Gallagher, and Roland Winston. "Concentration of
Sunlight to Solar-surface Levels Using Non-imaging Optics."
Nature 339 (1989): 198-200.

Figure by MIT OpenCourseWare.
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Figure by MIT OpenCourseWare.

Figure by MIT OpenCourseWare.
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Courtesy of Michael Pidwirny. Used with permission.
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lates/electriksolutions/IMAGES/banner1.jpg Holland, Solar Energy, 13, 149 (1971) 
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Handbook of Energy Efficiency and Renewable Energy 
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Courtesy of Elsevier, Inc., http://www.sciencedirect.com.
Used with permission.

Images by EERE. Please also see Fig. 21-13 in Kreith, Frank, and D.
Yogi Goswami. Handbook of Energy Efficiency and Renewable Energy.
Boca Raton, FL: CRC Press, 2007.

http://www.sciencedirect.com
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Courtesy of Plataforma Solar de Almería. Used with permission.

Image removed due to copyright restrictions.
Please see Fig. 5.16 in Kaltschmitt, Martin, Wolfgang Streicher, and Andreas Weise.
Renewable Energy: Technology, Economics, and Environment. New York, NY: Springer, 2007.
Also see any photo of a commercial HCE, such as Schott's PTR 70.

http://www.schottsolar.com/fileadmin/media/us/SCHOTT%20PTR%2070%20Receiver%20US.pdf
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Price, H. Lupfert, E.“Advances in Parabolic Trough Solar Power Technology” 

From J. Karni 
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Courtesy of Jacob Karni. Used with permission.

Photos by EERE, Sandia National Labs.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com.  Used with permission.

Image removed due to copyright restrictions.
Please see any photo of a linear Fresnel lens
system, such as http://commons.wikimedia.
org/wiki/File:Fresnel_reflectors_ausra.jpg

http://i.i.com.com/cnwk.1d/i/ne/p/2007/910
Ausra1_550x367.jpg

http://www.sciencedirect.com/
http://commons.wikimedia.org/wiki/File:Fresnel_reflectors_ausra.jpg
http://commons.wikimedia.org/wiki/File:Fresnel_reflectors_ausra.jpg
http://i.i.com.com/cnwk.1d/i/ne/p/2007/910Ausra1_550x367.jpg
http://i.i.com.com/cnwk.1d/i/ne/p/2007/910Ausra1_550x367.jpg
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Price, H. Lupfert, E.“Advances in Parabolic Trough Solar Power Technology” 
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Solar Trough: Cost 
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Table removed due to copyright restrictions.
Please see Table 2 in Price, Hank, et al.
"Advances in Parabolic Trough Solar Power Technology."
Journal of Solar Energy Engineering 124 (May 2002): 109-125.

Table removed due to copyright restrictions.
Please see Table 8 in Price, Hank, et al.
"Advances in Parabolic Trough Solar Power Technology."
Journal of Solar Energy Engineering 124 (May 2002): 109-125.
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“Assessment of Parabolic Trough and Power Tower Solar Technology Cost and Performance Forecasts” NREL, 2003
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“Assessment of Parabolic Trough and Power Tower Solar Technology Cost and Performance Forecasts” NREL, 2003 
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Courtesy of Jacob Karni. Used with permission.

Photo by Koza1983 on Wikipedia.

Images by EERE and Sandia National Laboratory.

http://commons.wikimedia.org/wiki/File:PS20andPS10.jpg
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Images removed due to copyright restrictions.
Please see Fig. 21-49. 21-51, and Table 21-9 in Kreith, Frank, and D.
Yogi Goswami. Handbook of Energy Efficiency and Renewable Energy. 
Boca Raton, FL: CRC Press, 2007.

Image removed due to copyright restrictions.
 Please see Fig. 21-40 in Kreith, Frank, and D. Yogi Goswami.
Handbook of Energy Efficiency and Renewable Energy.
Boca Raton, FL: CRC Press, 2007.
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“Assessment of Parabolic Trough and Power Tower Solar Technology Cost and Performance Forecasts” NREL, 2003 
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Photo from Wikimedia Commons, http://commons.wikimedia.org

http://commons.wikimedia.org/wiki/Main_Page
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Images removed due to copyright restrictions.
Please see Fig. 5.20, 5.21, and 5.22 in Kaltschmitt, Martin, Wolfgang Streicher,
and Andreas Weise. Renewable Energy: Technology,
Economics, and Environment. New York, NY: Springer, 2007.

Table removed due to copyright restrictions.
Please see Table 5.10 in Kaltschmitt, Martin, Wolfgang Streicher,
and Andreas Weise. Renewable Energy: Technology, Economics,
and Environment. New York, NY: Springer, 2007.
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• Constitutive Relations 

E --- Electric Field 
H --- Magnetic Field 
D --- Electric Displacement 
B --- Magnetic Induction 
Je --- Free Current Density 

EM Waves


Maxwell Equations: 
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D = ε E


B = μH


ε – Electric Permitivity 
μ – Magnetic permeability 

EM Wave Propagation 
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EM Wave Reflection and 
Transmission at An Interface 

Symbol Convention: 

Field Going Out of Paper 
Field Going Into Paper 

TM Wave = // Wave = p Wave 
E-Field In the Plane of Incidence: 
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Examples 

Reflectivity as a function of the angle of incidence for a 
dielectric material with n=4 and for gold with N=10.8+i51.6. 
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