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Solar tech wrap up:
1) Active, i.e. we supply some kind of 
energy to extract more energy
2) Passive, i.e. we supply very little 
energy  to harvest energy.

 Active:  Flat plate Collector system with
circulating liquid

•  Water+ Antifreeze circulated through pipes
• Black metal absorbs heat
• Two glass panes inhibit loss to outside.
•Here “greenhouse” type physics helps since the black 
plate re-radiates at longer wavelength and is trapped 

by the glass.

From Wein’s displacement law (microns):

λmax =
2898
T (K)

λSolar = 0.5 microns = 5000 A0

λRe−Radiant = 8.5 microns = 85000 A0

Active & Passive solar power
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A more elaborate design with electrical back up and two heat exchangers
 ( to avoid antifreeze in the potable water).

Passive:

South 
facing 
glass 
windows 
in 
homes.
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A Sample Example:
Given that the daily insolation is 1000 Btu/ft2, how much area do we need 
of solar panel to heat up 100 gallons  water by 700 F?

Recall: 1 Btu heats one pound of water by 10 Farenheit, and  one gallon weighs 8 pounds hence
heat needed is 

100
gallon

day
× 8 lb

1 gallon
× 1

Btu
0F · lb

× 700F = 56, 000
Btu

day

Need 56 Sq ft. Usually efficiency is 50% so need 112 Sq ft.

Further ideas involve
•Tracking the sun to maximize input
•Focussing light on pipes that carry liquids rather than flat panels. This way we utilize all the light.
• Converting solar energy to electricity.
•Converting solar energy to produce H2, O and CO using catalysis.
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BARSTOW •

Retired Brig. Gen. Steven Anderson —  
who used to work for Gen. David Petraeus 
in Afghanistan — said the Barstow area 
could be at the forefront of a push to get 
renewable energy into the armed forces.

According to Anderson, Barstow has a 
climate that is very similar to 
Afghanistan’s, with an abundance of both 
solar power and wind energy at its disposal. 
Anderson said that $20 billion a year in fuel 
was spent to air conditioning structures in 
Afghanistan and Iraq and technologies 
developed in the desert could reduce both 
the cost of fuel and the number of 
casualties of soldiers who protect the fuel 
shipments on their way to bases in 
Afghanistan.

He added that renewables developed in the 
Mojave Desert could be used in 
Afghanistan. “There are some profound 
natural gifts here.”
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Computer controlled mirrors focussing the sunlight onto one
spot is the basic idea here.

10 MW full year around produces 8760 MW = 8.7x109 WH
Total Solar + PV in the US is around 1 THW= 1012 WH

Tuesday, May 17, 2011



Important table
Electric power statistics from DOE

 

U.S. Energy Information Administration/Electric Power Annual 2009 9 

 
Table ES1.   Summary Statistics for the United States, 1998 through 2009 

Description 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998  
Net Generation (thousand megawatthours)             

Coal1 1,755,904  ............................................................ 1,985,801 2,016,456 1,990,511 2,012,873 1,978,301 1,973,737 1,933,130 1,903,956 1,966,265 1,881,087 1,873,516 
Petroleum2 .................................................... 38,937 46,243 65,739 64,166 122,225 121,145 119,406 94,567 124,880 111,221 118,061 128,800 
Natural Gas3 ................................................. 920,979 882,981 896,590 816,441 760,960 710,100 649,908 691,006 639,129 601,038 556,396 531,257 
Other Gases4 ................................................. 10,632 11,707 13,453 14,177 13,464 15,252 15,600 11,463 9,039 13,955 14,126 13,492 
Nuclear ......................................................... 798,855 806,208 806,425 787,219 781,986 788,528 763,733 780,064 768,826 753,893 728,254 673,702 
Hydroelectric Conventional5 ......................... 273,445 254,831 247,510 289,246 270,321 268,417 275,806 264,329 216,961 275,573 319,536 323,336 
Other Renewables6 ....................................... 144,279 126,101R 105,238 96,525 87,329 83,067 79,487 79,109 70,769 80,906 79,423 77,088 

Wind ........................................................ 73,886 55,363 34,450 26,589 17,811 14,144 11,187 10,354 6,737 5,593 4,488 3,026 
Solar Thermal and Photovoltaic ............... 891 864 612 508 550 575 534 555 543 493 495 502 
Wood and Wood Derived Fuels7 .............. 36,050 37,300 39,014 38,762 38,856 38,117 37,529 38,665 35,200 37,595 37,041 36,338 
Geothermal .............................................. 15,009 14,840R 14,637 14,568 14,692 14,811 14,424 14,491 13,741 14,093 14,827 14,774 
Other Biomass8 ........................................ 18,443 17,734 16,525 16,099 15,420 15,421 15,812 15,044 14,548 23,131 22,572 22,448 

Pumped Storage9 .......................................... -4,627 -6,288 -6,896 -6,558 -6,558 -8,488 -8,535 -8,743 -8,823 -5,539 -6,097 -4,467 
Other10 .......................................................... 11,928 11,804R 12,231 12,974 12,821 14,232 14,045 13,527 11,906 4,794 4,024 3,571 
All Energy Sources ..................................... 3,950,331 4,119,388 4,156,745 4,064,702 4,055,423 3,970,555 3,883,185 3,858,452 3,736,644 3,802,105 3,694,810 3,620,295 

Net Summer Generating Capacity (megawatts)             
Coal1 .............................................................  314,294 313,322 312,738 312,956 313,380 313,020 313,019 315,350 314,230 315,114 315,496 315,786 
Petroleum2 ....................................................  56,781 57,445 56,068 58,097 58,548 59,119 60,730 59,651 66,162 61,837 60,069 66,282 
Natural Gas3 .................................................  401,272 397,460R 392,876 388,294 383,061 371,011 355,442 312,512 252,832 219,590 195,119 180,288 
Other Gases4 .................................................  1,932 1,995 2,313 2,256 2,063 2,296 1,994 2,008 1,670 2,342 1,909 1,520 
Nuclear .........................................................  101,004 100,755 100,266 100,334 99,988 99,628 99,209 98,657 98,159 97,860 97,411 97,070 
Hydroelectric Conventional5 .........................  78,518 77,930 77,885 77,821 77,541 77,641 78,694 79,356 78,916 79,359 79,393 79,151 
Other Renewables6 .......................................  48,552 38,466R 30,069 24,113 21,205 18,717 18,153 16,710 16,101 15,572 15,942 15,444 

Wind ........................................................ 34,296 24,651 16,515 11,329 8,706 6,456 5,995 4,417 3,864 2,377 2,252 1,720 
Solar Thermal and Photovoltaic ............... 619 536 502 411 411 398 397 397 392 386 389 335 
Wood and Wood Derived Fuels7 .............. 6,939 6,864 6,704 6,372 6,193 6,182 5,871 5,844 5,882 6,147 6,795 6,802 
Geothermal .............................................. 2,382 2,229R 2,214 2,274 2,285 2,152 2,133 2,252 2,216 2,793 2,846 2,893 
Other Biomass11 ....................................... 4,317 4,186 4,134 3,727 3,609 3,529 3,758 3,800 3,748 3,869 3,660 3,694 

Pumped Storage9 ..........................................  22,160 21,858 21,886 21,461 21,347 20,764 20,522 20,371 19,664 19,522 19,565 19,518 
Other12 ..........................................................  888 942 788 882 887 746 684 686 519 523 1,023 810 
All Energy Sources .....................................  1,025,400 1,010,171 994,888 986,215 978,020 962,942 948,446 905,301 848,254 811,719 785,927 775,868 

Demand, Capacity Resources, and Capacity Margins – Summer             
Net Internal Demand (megawatts) ................  713,106 744,151R 766,786R 776,479 746,470 692,908 696,752 696,376 674,833 680,941 653,857 638,086 
Capacity Resources (megawatts) ..................  916,449 909,504R 914,397R 891,226 882,125 875,870 856,131 833,380 788,990 808,054 765,744 744,670 
Capacity Margins (percent) ...........................  22.2 18.2 16.1 12.9 15.4 20.9 18.6 16.4 14.5 15.7 14.6 14.3  

Fuel              
Consumption of Fossil Fuels for Electricity Generation             

Coal (thousand tons)1 .............................  934,683 1,042,335 1,046,795 1,030,556 1,041,448 1,020,523 1,014,058 987,583 972,691 994,933 949,802 946,295 
Petroleum (thousand barrels)2 ................  67,668 80,932 112,615 110,634 206,785 203,494 206,653 168,597 216,672 195,228 207,871 222,640 
Natural Gas (millions of cubic feet)3 .....  7,121,069 6,895,843 7,089,342 6,461,615 6,036,370 5,674,580 5,616,135 6,126,062 5,832,305 5,691,481 5,321,984 5,081,384 
Other Gases (millions of Btu)4 ...............  83,593 96,757 114,904 114,665 109,916 135,144 156,306 131,230 97,308 125,971 126,387 124,988 

Consumption of Fossil Fuels for Thermal Output in Combined Heat and Power Facilities             
Coal (thousand tons)1 .............................  20,507 22,168 22,810 23,227 23,833 24,275 17,720 17,561 18,944 20,466 20,373 20,320 
Petroleum (thousand barrels)2 ................  13,161 12,016 19,775 20,371 24,408 25,870 17,939 14,811 18,268 22,266 26,822 28,845 
Natural Gas (millions of cubic feet)3 .....  816,787 793,537 872,579 942,817 984,340 1,052,100 721,267 860,019 898,286 985,263 982,958 949,106 
Other Gases (millions of Btu)4 ...............  175,671 203,236 214,321 226,464 238,396 218,295 137,837 146,882 166,161 230,082 223,713 208,828 

Consumption of Fossil Fuels for Electricity Generation and Useful Thermal Output             
Coal (thousand tons)1 .............................  955,190 1,064,503 1,069,606 1,053,783 1,065,281 1,044,798 1,031,778 1,005,144 991,635 1,015,398 970,175 966,615 
Petroleum (thousand barrels)2 ................  80,830 92,948 132,389 131,005 231,193 229,364 224,593 183,408 234,940 217,494 234,694 251,486 
Natural Gas (millions of cubic feet)3 .....  7,937,856 7,689,380 7,961,922 7,404,432 7,020,709 6,726,679 6,337,402 6,986,081 6,730,591 6,676,744 6,304,942 6,030,490 
Other Gases (millions of Btu)4 ...............  259,265 299,993 329,225 341,129 348,312 353,438 294,143 278,111 263,469 356,053 350,100 333,816 

Stocks at Electric Power Sector Facilities (year end)             
Coal (thousand tons)13 ............................  189,467 161,589 151,221 140,964 101,137 106,669 121,567 141,714 138,496 102,296 141,604 120,501 
Petroleum (thousand barrels)14 ...............  46,181 44,498 47,203 51,583 50,062 51,434 53,170 52,490 57,031 40,932 54,109 56,591 

Receipts of Fuel at Electricity Generators15             
Coal (thousand tons)1 .............................  981,477 1,069,709 1,054,664 1,079,943 1,021,437 1,002,032 986,026 884,287 762,815 790,274 908,232 929,448 
Petroleum (thousand barrels)2 ................  88,951 96,341 88,347 100,965 194,733 186,655 185,567 120,851 124,618 108,272 145,939 181,276 
Natural Gas (millions of cubic feet)16 ....  8,118,550 7,879,046 7,200,316 6,675,246 6,181,717 5,734,054 5,500,704 5,607,737 2,148,924 2,629,986 2,809,455 2,922,957 

Cost of Fuel at Electricity Generators (cents per million Btu)15             
Coal1 ........................................................  221 207 177 169 154 136 128 125 123 120 122 125 
Petroleum2 ...............................................  702 1,087 717 623 644 429 433 334 369 418 236 202 
Natural Gas16 ...........................................  474 902 711 694 821 596 539 356 449 430 257 238 

Emissions (thousand metric tons)             
Carbon Dioxide (CO2) ..................................  2,269,508 2,484,012R 2,547,032R 2,488,918R 2,543,838R 2,486,982R 2,445,094R 2,423,963R 2,418,607R 2,470,834R 2,366,302R 2,351,600R 
Sulfur Dioxide (SO2) ....................................  5,970 7,830 9,042 9,524 10,340 10,309 10,646 10,881 11,174 11,963 12,843 13,464 
Nitrogen Oxides (NOX).................................  2,395 3,330 3,650 3,799 3,961 4,143 4,532 5,194 5,290 5,638 5,955 6,459  

Trade (million megawatthours)             
Purchases ......................................................  5,029 5,613 5,411 5,503 6,092 6,999 6,980 8,755 7,555 2,346 2,040 2,021 
Sales for Resale ............................................  5,065 5,681 5,479 5,493 6,072 6,759 6,921 8,569 7,345 2,355 1,998 1,922 

Electricity Imports and Exports (thousand megawatthours)             
Imports .........................................................  52,191 57,019R 51,396 42,691 43,929R 34,210 30,395 36,779 38,500 48,592 43,215 39,513 
Exports .........................................................  18,138 24,198R 20,144 24,271 19,151R 22,898 23,975 15,796 16,473 14,829 14,222 13,656   
              

See end of table for Notes and Sources. 

1012 watthour= TWH
where T=Tera
1 Quad= 293 TWH
100 Q= 29700 TWh

Thousand MHW= 109 WH

Total Generation = 3950 TWH
Coal = 1755 TWH

Solar Thermal + PV  = .891 THW
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Could This Lump Power the 
Planet? Newsweek Nov 2009 
and last tear
Scientists at Lawrence 
Livermore National Lab are 
betting $3.5 billion in 
taxpayer money on a tiny 
pellet that could produce an 
endless supply of safe, clean 
energy. 

This target chamber is 10 meters in diameter and weighs 287,000 pounds. 
It contains small pellets of radioactive material (deuterium-tritium fuel) that are to undergo fusion.

Fusion ideas 2010 Livermore Labs
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Heliodynamics @ Albequerque, NM

 The Albuquerque International Sunport is a world-renowned, full-service airport facility that 
welcomes more than six million travellers per year. The Sunport Car Rental Center houses a number 
of major car rental companies which service the majority of the Sunport users.

We were commissioned to design and install a solar air-conditioning system which would provide 
both cooling and heating to the facility. With no available ground area for solar collection we placed 
our collectors on top of carports in the parking lot area. The system we designed and installed 
consisted of eighteen HD16 solar collectors. These feed heat to either an absorption chiller 
providing cooling or provide space heating to the facility.
    
Installed Capacity:  216 kW
Application:  Air conditioning
Completion Date:  Dec, 2009 

More prosaic but very useful applications for airconditioning airports in sunny  cities 
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Active solar cooling wherein solar thermal collectors provide input energy for 
a desiccant cooling system:

Air can be passed over common, solid desiccants (like silica gel or zeolite) to 
draw moisture from the air to allow an efficient evaporative cooling cycle. The 
desiccant is then regenerated by usin  solar thermal energy to dry it out, in a 
cost-effective, low-energy-consumption, continuously repeating cycle. A  
PV  system can power a low-energy air circulation fan, and a motor to slowly 
rotate a large disk filled with desiccant.

The potential for near-future exploitation of this type of innovative solar-
powered desiccant air conditioning technology is great.

General Idea behind solar cooling

Exploit  evaporative cooling cycles 
i.e. Desert Coolers
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Renewable Energy sources

•Hydroelectric power
•Ocean derived power
•Tidal energy
•Wind power
•Geothermal energy
•Biomass
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Hydroelectric power

•Hydel power per se
•Pumped storage systems
•Dead sea project and other examples

Tuesday, May 17, 2011



Water power is conversion of potential energy of water
to electrical energy, e.g. by turning a turbine.
•80% to 90% efficient 
•Cyclical and weather (precipitation) dependent
•In USA currently less than 7% of total usage from 30% in post war years

Head= “h” the height of water

Example: Water drops in a hydel project with a head of 90 meters. How much water flow is needed to produce 10 
kW power, assuming 80% conversion efficiency? 

Let x liters  of water flow per second. 
Hence mass flow is x kg/sec (using density  of water - d =1 kg/Liter)
Power = energy /time = M gh/t = (M/t) g h

Power = x(kg/sec)× 9.8(m/sec2)× 90m

= x× 882 kg m2/sec3

= x× 882 watts

0.8× x× 882 watts = 104 watts

Next equate these:

x = 14.17 Litres /sec

Potential energy of waterE = Mgh
g = 9.8 meter/sec2

Watt = kg meter2/sec3
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River discharge rates:
Amazon = 219 Million  Litres/sec
= 219,000 m3 /sec (1 m3= 103 L)
Ganges = 42 Mil L /sec
St Lawrence = 10 M L/s
Ohio - Missisippi = 8 ML/s

Problem:

If we can drop the Ohio river by 10 meters, what is the generated power?

Power = 8× 106 (kg/sec) × 9.8× (m/sec2) × 10(m)

= 0.8× 109 Watts

Total energy per year = Power × 365× 24 Watt hour

Total energy per year = 5.6 TeraWatt hour
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