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Fig. 1: The sun
 IL 1
** Source of figure 1.



(eclipsenow.blogspot.com/2007/07/solar.html)
Videos:
ILV 1 ****  Solar energy in the world today

http://video.google.ca/videosearch?hl=en&q=Solar%20energy&um=1&ie=UTF-8&sa=N&tab=wv#
See especially:

SOLAR ENERGY TECHNOLOGY BREAKTHROUGH! 
How Solar Energy Panels Work 
Solar energy
Learn about Solar Energy and Solar Panel Installation from an ... 
'Major discovery' from MIT primed to unleash solar revolution ... 

How Solar Energy Works 
Clean solar energy 
Saving Energy with Solar Power: How Solar Energy is Converted
Ecuador Solar Energy Project
Astralux Solar Energy Installations - Part 1 
Astralux Solar Energy Installations - Part 1 
How To Produce Electricity From Solar Energy 
Unlimited Energy Solar Solutions 
THE MAIN IDEA:

Energy from the sun travels to the earth in the form of electromagnetic radiation similar to radio waves, but in a different frequency range.  Available solar energy is often expressed as energy per time per unit area, Joules per second per square meter, or watts per square metre  (W/m2).  The amount of energy available from the sun outside the Earth’s atmosphere is approximately 1400 W/m2; that’s nearly the same as a high power hair drier for every square meter of sunlight!  Some of the solar energy is absorbed as it passes through the Earth’s atmosphere.  As a result, on a clear day the amount of solar energy available at the Earth’s surface in the direction of the sun depend of the angle of elevation and is typically only about 400 W/m2 in Canada. At any particular time, the available solar energy is primarily dependent upon how high the sun is in the sky and current cloud conditions.  On a monthly or annual basis, the amount of solar energy available also depends upon the location.  Furthermore, useable solar energy depends upon available solar energy, other weather conditions, the technology used, and the application involved.

There are many ways that solar energy can be used effectively.  Applications of solar energy use can be grouped into there are three primary categories: 



1. Heating/cooling,



2. Electricity production, and 




3. Chemical processes. 
In this LCP we will discuss the first two only.

 The most widely used applications are for water and space heating.  Ventilation solar air heating is also growing in popularity.  Uptake of electricity producing solar technologies is increasing for the applications photovoltaics (primarily) and concentrating solar thermal-electric technologies.  Due to recent advances in solar detoxification technologies for cleaning water and air, these applications hold promise to be competitive with conventional technologies. Taken from: 
IL 2
*** Earth’s Energy Budget


(http://www.canren.gc.ca/tech_appl/index.asp?CaId=5&PgId=121)
[image: image1.png]EARTH'S ENERGY BUDGET

Reflected by  Reflected  Reflected from
almosphere by clouds  earth's surface
6% 20% 4%

Incoming Radiated to space
solar energy from clouds and
100% atmosphere —._

Absorbed by

atm osphere 16% Radiated

directly
to space
from earth
Absorbed by
clouds 3% Radiation

absorbed by
Conduction and atmosphere

rising air 7% R

Absorbed by land
and oceans 51%




Fig. 2: The energy budget of the Earth
IL 3
** Source of figure 2



(http://www.solar-benefits.com/index.5.gif)
IL 4
** Properties of the sun



(http://ircamera.as.arizona.edu/astr_250/Lectures/Lecture_12.htm)
A brief history of solar energy
Here are some links to examples of good summaries (histories) of solar energy:
IL 5
 ***


http://www.californiasolarcenter.org/history_solarthermal.html
IL 6
***

http://www.southface.org/solar/solar-roadmap/solar_how-to/history-of-solar.htm
IL 7
 **


http://www.alternate-energy-sources.com/history-of-solar-energy.html
IL 8
**


http://www.uccs.edu/~energy/courses/160lectures/solhist.htm
IL 9
***




http://www.abc.net.au/rn/science/earth/stories/s225110.htm
IL 10
*** http://www.annesley.sa.edu.au/amep/energyconservation_solarenergy/history.htm
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Fig, 3: Archimedes “heat ray” gun. (a legend only)

Legend  claims that Archimedes used polished shields to concentrate sunlight on  
the invading Roman fleet and repel them from Syracuse.
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Fig. 4: The French chemist Lavoisier experimented with concentrating

solar energy using a large parabolic mirror.
Combustion, generated by focusing sunlight over flammable materials using lenses, experiment conducted by Lavoisier circa 1770s.
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Fig. 5: In 1866, Auguste Mouchout used a parabolic trough to

produce steam for the first solar steam engine.

Auguste Mouchout, inventor of the first active solar motor, questioned the widespread belief that the fossil fuels powering the Industrial Revolution in the 19th century would never run out. Propherically he said:

Eventually industry will no longer find in Europe the resources to satisfy its prodigious expansion. Coal will undoubtedly be used up. What will industry do then?


In 1861, Mouchout developed a steam engine powered entirely by the sun. But its high costs coupled with the falling price of English coal doomed his invention to become a footnote in energy history. Nevertheless, solar energy continued to intrigue and attract European scientists through the 19th century. Scientists developed large cone-shaped collectors that could boil ammonia to perform work like locomotion and refrigeration. France and England briefly hoped that solar energy could power their growing operations in the sunny colonies of Africa and East Asia. 



Fig. 6: 1901 "solar motor" in operation in California.
IL 11
*** Timeline of solar energy history



(http://www1.eere.energy.gov/solar/solar_time_1900.html)
IL 12
*** Timeline of solar energy history



(http://www.noutilitybill.com/solar_history.html?solar+history=)
IL 13:
 ***


http://www.anglophone-direct.com/Mont-Louis-Font-Romeu-Odeillo-Via

The solar furnace in Mont Louis, built in 1949 by Professor Félix Trombe, was the first solar furnace in the world. This dual reflection solar furnace has been in steady evolution over the past 50 years and in 1993, was taken over by the limited liability company "Solar Furnace Development" who, along with continued scientific research, is the first company to use a solar furnace for industrial and manufactured products such as the firing of ceramics, and bronze and aluminum products.

Professor Trombelater (1969-1971) directed the design and the construction of the largest solar furnace in the world that we will discuss in detail.
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Fig. 7: The solar furnace in Mont Louis.
Sun power in the Pyrenees  


In 1972 Time magazine’s Science section described the world’s largest solar furnace in sufficient technical detail to allow the setting for an investigation that involves a great deal of students’ knowledge of physics and, with some guidance, can lead to her asking a series of questions that lead to problems and experimentation that go beyond the textbook. These questions eventually lead to the discussion radiation, optics, wave motion, thermodynamics, solar energy, quantum mechanics and thermonuclear reactions. It should also be mentioned that the Mont-Louis solar furnace in the Pyrenees is still the largest in the world. 

      



Fig. 8: The Solar Furnace of Odeillo in the French Pyrenees.

(This is the largest solar furnace in the world)
IL 14
** Source of figure 8



(http://www.stacey.peak-media.co.uk/Pyrenees/Odeillo/Odeillo.htm)

Perched high in the Pyrenees, France’s powerful new solar furnace (1970) harnesses the almost limitless energy of the sun.  Eight stories tall, the furnace’s gleaming reflector dwarfs the ancient buildings near by and turns the surrounding hillsides topsy-turvy on its curved surface. Lined up in tiers on a pasture in front of the big reflector stand 63 smaller mobile mirrors.  These heliostats, as they are called, can be individually adjusted so that each one reflects the sun’s rays directly into the big parabola, thereby creating striking flare-ups of light.  Focusing these rays at the oven building only a short distance from its base, the giant mirror concentrates the sun’s radiation on the small target area.  The converged beams, which are no wider than a foot at their target, can create temperatures as high as 6,300° F (3500 °C.)
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Fig. 9: Three commonly used reflecting schemes for concentrating

solar energy to attain high temperatures.
IL 15
** Source of figure 9



(http://www.powerfromthesun.net/chapter1/Chapter1.htm)

The description of this context is based on an article in Time magazine's Science section that appeared in the May 18. 1970 issue. The Time article describes the world's largest (1970) solar furnace in sufficient detail for an investigation that involves a great deal of the young physics student's knowledge of physics. The situations described below move from the practical aspects of the furnace to a discussion of geometric optics, radiation, quantum theory, and thermonuclear reactions. The following is the content of the article as it was given in Time magazine. 

A simple magnifying glass, focusing the sun’s rays, can scorch a piece of wood or set a scrap of paper on fire.  Solar radiation can also be concentrated on a much more awesome scale.  It can burn a hole through thick steel plate, for example, or simulate the thermal shock of a nuclear blast.  It can, that is, with the aid of a super reflector of the sort that has been set up by French scientists high in the Pyrenees.  Ten years in the building, the world’s largest solar furnace is a complex of nearly 20,000 mirrors and can concentrate enough sunlight to create temperatures in excess of 6,000° F, or 3500°C.

Harnessing solar energy is hardly a new accomplishment.  Nearly 22 centuries ago, the Greek mathematician Archimedes is said to have temporarily saved Syracuse from Roman conquest by setting the invading fleet aflame with numerous large mirrors.  In the 18th century, the pioneer French chemist Lavoisier produced enough heat with 52-inch-wide lenses to power his experiments. Though  Lavoisier’s work was cut short by the French Revolution (he was guillotined in 1794)), his history has not discouraged contemporary French scientists—notably Physical Chemist Felix Trombe, a research director of France’s National Center for Scientific Research and its premier experimenter with the sun’s energy.


For more than 20 years, Trombe has championed solar furnaces as an ideal source of intensive heat for both industrial uses and scientific experimentation.  In 1946 he fashioned his first sun stove out of a captured German antiaircraft searchlight mirror at an observatory near Paris.  Moving to the old Pyrenean citadel town of Mont-Louis where the sun shines as many as 200 days a year, he has since built five larger solar furnaces.  Now, in masterly style, he has created his pièce de résistance on a hillside in the nearby ski resort of Odeillo.  Compared with similar devices in several other countries, such as the U.S. Army’s 30-kilowatt stove at Natick, Mass., Odeillo’s 1,000-kilowatt structure is easily the Mount Palomar of solar furnaces.




Fig. 10: The Solar Furnace of Odeillo; The parabolic shape of the

giant solar collector is evident here.



Fig. 11: The array of mirrors are controlled by a computer and turn with the sun.
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Fig. 12: The geometry of reflection depend on the law of reflectivity
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Fig. 13: The furnace is located at the focus of the parabolic mirror
[image: image14.jpg]



Fig. 14: The array of solar collector and the mirrors in perspective.
See Google Earth for pictures of the solar furnace as well as surrounding area.                                                                  
IL 16
*** Pictures of the Odeillo solar furnace and area


(http://commons.wikimedia.org/wiki/Forn_solar_d'Odell%C3%B3)
IL 17
*** Summary report on 10 years of operation

(http://www.dlr.de/en/Portaldata/1/Resources/kommunikation/publikationen/109_nachrichten/dlr-nari109_en_76-79.pdf)
Delicate Adjustment (A report from the early 1970s)

The furnace’s appearance is as spectacular as its power.  Its glittering eight-story-high parabolic reflector (roughly half the size of a football field) towers over Odeillo’s centuries-old houses. Anchored against a reinforced concrete office and laboratory building, the huge concave mirror consists of  8,570 individual reflectors. For the furnace to operate efficiently, these small (18 inches square, or 46 cm square) mirrors must be precisely adjusted so that their light will converge at the parabola’s focal point 59 ft (18.0 m) in front of the giant reflector. Only half of the mirrors have been aligned thus far, although the structure has been finished for more than year.  Reason:  the work is so delicate that technicians can usually adjust no more than a few dozen even on the sunniest of days. The “focal point” is actually about 0.10 m2.

Far too huge to follow the sun itself, the parabolic reflector depends on the help of 63 smaller mirrors set in eight rows on a terraced slope in front of it.  Called heliostats (from the Greek helios, sun; statos, to cause to stand still), they track the solar disk across the sky, capture its light and bounce it in parallel beams into the big mirror.  The system involves some ingenious engineering.  Each heliostat is controlled by its own photoelectric cells.  Whenever one of the heliostats (each of which is made of 180 individual mirrors) loses its lock on the sun, these tiny electric eyes inform a minicomputer, which in turn controls a pair of hydraulic pumps that can rotate and tilt the heliostat into the proper position.  Only one manual adjustment is needed to operate the heliostats.  It is made at the end of the day, when they must be reset to face the position of the next day’s sunrise.

Rotating Vats.  


The crucible of the furnace is located inside a smaller T-shaped building near the base of the big mirror (See Fig. 14 ).  It is set behind large stainless-steel doors at the focal point of the parabola—where the sun’s scorching rays are concentrated into a blazing circle only twelve inches wide.  Target material, hoisted into place by a ten-ton lift, is placed into an inclined trough; as the target melts, it runs off into catch pans.  Another, more sophisticated technique is to load the material into two aluminum vats whose outer walls are water-cooled to prevent melting.  Placed with their open ends at the focal point and rotated like washing machines to distribute the heat evenly, these containers can hold up to 2¾ tons of molten material at one time (See Fig. 20).

 Is all this elaborate effort worth the French government’s $2,000,000 (in 1970 currency) investment in the furnace?  Professor Trombe says so.  For one thing, the power is almost entirely free (only 13 kilowatts of electric power is needed to operate the mirrors).  More important, the furnace gives off what he calls “aristocratic” or uncontaminated heat; there is, for example, none of the adulterating carbon that is produced by the hot electrodes in ordinary high-intensity electric arc furnaces.  Thus the solar oven is ideal for the production of chemically pure materials


French industry is beginning to agree.  In a recent test for an electronics manufacturer, the furnace fused several tons of bauxite and ceramics to produce high-voltage insulators of unmatched purity.  The oven could easily fuse other highly heat-resistant materials:  quartz crystals for radio transmitters, corundum for industrial grinding stones and zircon parts for nuclear reactors.  It could also be used in experiments to develop new space-age alloys, such as special tungsten or cobalt steels, and even materials to withstand the searing heat of a nuclear blast.
Initial Fears.  


Aside from the industrial and scientific benefits, the furnace has produced an entirely unexpected dividend.  At first, Odeillo’s villagers thought they might be blinded by the intense light from what they call le four solaire (the solar oven).  Now they know that the light is concentrated at only one small area and that there is no such danger.  In fact, the villagers have become quite proud of the strange, shimmering edifice in their midst.  And why not?  The solar furnace is not only handsome in an other-worldly way; it is also a significant tourist attraction, bringing thousands of people to gaze in awe at Odeillo’s mighty mirror.
[image: image15.jpg]



Fig. 15: Beam focus
[image: image16.jpg]



Fig. 16: Command centre.
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Fig. 17: Sunshine “map” of France
IL 18
** Source of figure 17
http://www.french-holiday-property.com/regional.htm
(http://www.french-holiday-property.com/regional)
IL 19
**** The most comprehensive description of the GSF and vicinity



(http://www.stacey.peak-media.co.uk/Pyrenees/Odeillo/Odeillo.htm)
IL 20
*** An adjustable view of the GSF on Google Earth


(http://perljam.net/google-satellite-maps/id/3384/France//Font_Romeu/Solar_Furnace_at_Odeillo_Font_Romeu_in_the_French_Pyrenees)

The solar furnace is located in Odeillo in the Pyrénées Orientales (France) in latitude of 42° 29' 48'' North, and in longitude of 2° 1' 49'' East and at 1500 meters up. This geographical position guarantees very good weather conditions for this kind of facilities. The total number of sunny hours is 3000h/Year, the humidity is very low and the direct solar flux is between 800 w/m2 and 1050 w/m2 for the maximum.

The parabolic reflector gives at the focal point a maximum flux of 1000 W/cm2. The experimentations takes place at the focal zone (18 m in front of the paraboloid. The range of available temperature is from 800° to 2500 °C (the maximum reachable temperature is 3800 °C) for a maximum thermal power of 1000 kW. 63 heliostats, installed on 8 terraces reflects the sunlight on the parabolic reflector. Every heliostat position is calculated so that the reflected light is parallel to the symmetry axis of the paraboloid. See the figure below.
[image: image18.png]


Fig. 18: The picture above shows the parabolic reflector of the Odeillo-Font-


Romeau Solar Furnace in France. 63 flat mirrors, shown in figure 19, 


track the sun and concentrate the light on a reflector. The reflector 


then  concentrates the rays to produce 1000 kilowatts and a temperature 


of about 3500 K. 
[image: image19.jpg]



Fig. 19: The 63 mirrors (heliostats), each having an area of 45 m2,

with a combined area of 2835 m2. The reflectivity is 0.79.
[image: image20.png]



Fig. 20: The picture above shows how the sun’s rays are focused on the crucible 
holding the ore. The ore is heated to a very high temperature (depending on the material or substance) until it becomes molten, and then it is poured. Pollution is kept to a minimum as solar power is a clean source of energy.

[image: image21.jpg]





Fig. 21: A good view of the giant parabolic solar collector It has a reflective 



area of  1830 m2. The reflectivity is 0.79.
IL 21
*** Source of figures 18, 20 and 21. Also nice applets. http://www.technologystudent.com/energy1/solar4.htm
IL 22
*** Source of the following  treatment



http://www.trekearth.com/gallery/Europe/France/photo829169.htm 
A technical description of the solar furnace
1. Technical details of the heliostats field:
· Weight : 5000 kg with 800 kg of mirrors
· Number of mirror by heliostat : 180 (50 x 50 x 0.75 cm)
· Type of mirror : polished, rear face silver coated
· Dispersion : 1-2 angle minutes
· Reflectivity : 0.79
· Adjustment by autocollimation with a theodolite
· 2 axis movements
· Control command by calculated coordinates
· Precision : 1/60 of degree
· Total reflective area : 2835 m2
· Horizontal reflected beam, North South, height 40 m, width 54 m
· Number : 63 placed on 8 terraces
· Surface : 45 m2 for each heliostat.
· Dimensions : 7.5 m (width) x 6.0 m (height)
2. Technical details of the parabolic reflector
· Parabaloid, vertical axis facing north
· Focal length 18 m, height 40 m, width 54 m
· Horizontal focal axis at 13 m from the ground
· Optical aperture f/D = 0.3
· Area 1830 m2
· 9130 mirrors (average dimension 48,5 x 48,5 x 0,4 cm)
· Tempered glass, silver coated on the rear face
· Reflectivity 0.79
· Mirrors mechanically bended
· Possible individual adjustment of each mirror
3. Technical details of the "focal" tower
· T shape tower, 20 m high
· Shadow: 5% of the paraboloid area
· Control room at the 5th floor north side
· Focal room at the 5th floor south side
IL 23
*** Pictures of Odeillo and the countryside



(http://www.stacey.peak-media.co.uk/Pyrenees/Odeillo/Odeillo.htm)
IL 24
** A detailed description of solar energy in general



(http://en.wikipedia.org/wiki/Solar_furnace)
Questions and problems 1
(Before answering these questions, read the section on the solar constant and atmospheric absorption.)
1. 
The solar power  that is concentrated on the focal area of the solar furnace is 


1.00 x106 W (J/s). The solar radiation is obtained from the 63 heliostats. The 
reflecting area of the solar furnace is 1830 m2, and the total reflecting area of the    
heliostats is 2835 m2. The reflectivity of the mirror surfaces is 0.79.

Show that:


a.

The solar energy arriving from the sun per second  that is 





intercepted by all the heliostats must be about 1.60x106J.



b.

The optimal solar constant for Odeillo must be about 560 W/ m2.


c.

The solar constant outside the atmosphere is about 1400 W/ m2, 



what percentage of the solar radiation is reflected and /or absorbed 



by the 
atmosphere? 
IL 25
** Absorption of radiant energy by the atmosphere


(http://www.everythingweather.com/atmospheric-radiation/absorption.shtml)
Absorption is mainly caused by three different atmospheric gases. Contrary to popular belief, water vapor causes the most absorption, followed by carbon dioxide and then ozone. In the picture below, one can see how much of the total incoming radiation the atmosphere typically absorbs.


The second way in which absorption helps the earth is as a heat source for it. If one were to take a vertical cross section of the entire atmosphere, one would note that the temperature generally increases with height. This increase in temperature is caused by an increase in absorption of electromagnetic radiation with height due to higher concentrations of high-energy wavelength (low wavelength a and high frequency) absorbing gases present at higher atmospheric levels.
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Fig. 22: The Earth Radiation Budget is the balance between incoming




energy from the sun and the outgoing longwave (thermal)




and reflected shortwave energy from the Earth.


Sunlight is reflected by surfaces and absorbed by gases and surfaces. Greenhouse gases do not reflect sunlight. Infrared energy is emitted and absorbed by surfaces and greenhouse gases. Radiation refers to radiant energy, not nuclear radiation.


Notice also that the amount of infrared energy emitted at the top of the atmosphere (235 W/m2) must equal almost exactly the amount of solar energy absorbed by earth (342–107 W/m2). The small difference, about a watt per square meter, leads to global warming or cooling.
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Fig. 23: The solar spectrum.
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Fig. 24: This figure gives approximate percentages for solar radiation

absorbed and reflected by the earth
IL 26:
*** Source of figures 23 and 24.



(http://www.energysustained.com/global_warming.htm#ref3#ref3)
Measuring the temperature of a glowing material.
How do you determine the temperature reached by an object, materials, or matter, being heated in the focal are of the solar furnace? 

How do you determine the temperature reached in the element of an electric stove? Clearly, you cannot find the temperature by touching it with a thermometer!


Physicists and engineers use a pyrometer (see figure 26). The illustration below shows a very simple type of radiation pyrometer. Part of the thermal radiation emitted by a hot object is intercepted by a lens and focused onto a thermopile. The resultant heating of the thermopile causes it to generate an electrical signal (proportional to the thermal radiation) which can be displayed on a recorder.

The optical pyrometer should more strictly be called the disappearing-filament pyrometer. In operation, an image of the target is focused in the plane of a wire that can be heated electrically. A rheostat is used to adjust the current through the wire until the wire blends into the image of the target (equal brightness condition), and the temperature is then read from a calibrated dial on the rheostat. See problem 1 below. .
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Fig. 25: Thermocouple 


IL 27
** Source of figure 25 and description of the thermocouple

(http://www.facstaff.bucknell.edu/mastascu/elessonshtml/Sensors/TempThermCpl.html)
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Fig 26: Automatic optical pyrometer
IL 28
** Source of figure 26


(http://www.omega.com/literature/transactions/volume1/thermometers3.html)

IL 29
** Description of thermometers and pyrometers (http://www.omega.com/literature/transactions/volume1/thermometers3.html)
IL 30
* General discussion of solar furnaces



(http://www.madsci.org/posts/archives/2004-07/1090857033.Ph.r.html)
The energy output of the sun 


We will first discuss how the energy output of the sun can be measured and then show how the surface temperature can be estimated. To estimate the energy output of the sun, we need to know:

1.

The distance between the earth and the sun, and 

2.

The amount of radiant energy the sun provides at the top of the atmosphere 


(about 100 km from the surface of the earth).
In addition, we must assume that the radiation is given out evenly (isotropic) in all direction. See Fig. below.

We could, of course measure the amount of radiation energy the sun provides on the surface of the earth by simply measuring the energy required to heat up an object that is exposed to the sun for a certain time. Unfortunately, we can only guess the amount of solar energy that the atmosphere absorbs or reflects (see Fig. ). 

The distance to the sun was well known already in the 19th century, about 1.5x1011 m. We must then know the radiation energy of the sun striking the Earth, or find the value of the solar constant.
[image: image27.png]The Inverse-Square Relationship for Light

| SBhere;distance  from star
\

”

star
point source.
of radiation

Intensity <1/

Atadistance 2r from the source the radiation is spread
over four times the area so i only 1/4 the Intensity that

itisa distancer.

Radiation obeys an inverse-square relationship with distance.




[image: image28.jpg]


                    [image: image29.jpg]The Inver:

Square Law

L (d,)?

Ty is the initial intensity of radiation, dy is the initial
distance, and d; is the final distance, and I is the final
intensity.





Fig. 27: The inverse square law of radiation, with three representations: visual, 

graphical and mathematical all showing intensity reduction 
with distance travelled.
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Fig. 28: The inverse square law of radiation from the sun.
The solar constant and its determination. 


The solar constant is defined as the amount of heat energy received per second per unit area (J/s/m2, or W/m2 ) and completely absorbed by a “perfect black body” at the surface of the Earth with the surface being held perpendicular to the direction of the sun's rays.

One instrument used for measuring the solar constant is called Pyroheliometer. In the middle of the 19th century, a very good measurement was made by the French physicist Pouillet.  Later, the Swedish physicist Angstrom developed an improved version, called a compensation pyroheliometer, is described below.

 Various scientists had tried to calculate the Sun's energy output, but the first attempts at a direct measurement were carried out independently and more or less simultaneously by the French physicist Claude Pouillet (1790-1868) and British astronomer John Herschel (1792-1871). Although they each designed different apparatus, the underlying principles were the same: a known mass of water is exposed to sunlight for a fixed period of time, and the accompanying rise in temperature recorded with a thermometer. The energy input rate from sunlight is then readily calculated, knowing the heat capacity of water. Their inferred value for the solar constant was about half the accepted modern value of 1367 ± 4 Watts per square meter, because they failed to account for of absorption by the Earth's atmosphere. 
The following is taken from IL 31

 IL 31
*** Source of figure 30


(http://www.tutorvista.com/content/physics/physics-iii/heat-and-thermodynamics/solar-constant.php)




Fig. 29: Pouillet's pyroheliometer.
IL 32
*** Source of figure 29.



(http://www.hao.ucar.edu/Public/education/Timeline.D.html#1838)

                                         
Water is contained in the cylindrical container a, with the sun-facing side b painted black. The thermometer d is shielded from the Sun by the contained, and the circular plate e is used to align the instrument by ensuring that the container's shadow is entirely projected upon it. [Reproduced from A.C. Young's The Sun (revised edition, 1897).
. [image: image32.png]sun’s rays




Fig. 30: Angstrom's compensation pyroheliometer
IL 33
**** Operating principles of a solar furnacewith good figures and applets



(http://www.promes.cnrs.fr/TOUT-PUBLIC/Les-fours/eng-lesfours1.htm)
The total energy output of the sun.

We are now ready to estimate the total energy output of the sun, assuming that the inverse square law is applicable. We know the following:

1.
 
The value of the solar constant. We will take it as approximately 1400 W/m2.

2.

The distance to the sun: approximately 1.5x1011 m.
3.

The inverse square law:   The radiation, measured in W/m2 from a point source 
(consider the sun’s energy to come from a point source (see Fig. above)) is 
inversely proportional to the distance from the source squared.
4.

The area of the surface of a sphere is 4π r2.    
The following then is a guide for solving this problem:

First show that the inverse square law requires that the radiation energy from the sun intercepted by 1 m on the earth’s surface is the solar constant, or about 1400 W/m2. Secondly, calculate the total energy going through the surface of the giant sphere with a radius of the distance to the sun, namely 1.5x1011 m. Finally, show that this is equal to about 3.9x1026 J/s. 

This is an enormous amount of energy given out each second. See problem xx for more detail.
Determining the temperature of the surface of the sun.
Having estimated the energy output of the sun to be 3.9x1026 J/s, it is now possible to estimate  the temperate of the surface of the sun. We have already suggested that the temperature of the surface of the sun by a measurement using a pyrometer, or more precisely, a pyroheliometer. The temperature of the sun is found to be about 6000 K. See figure 29.

However, it is also possible to confirm this value with a theoretical approach by using the physics of black body radiation. See discussion of black body radiation and Fig. xx below.

 According the theory of black body radiation, the sun is radiating energy, given by the Stephan-Boltzmann law   R = δ A T4 (see detail below). R is the radius of the sun, A the area of the surface of the sun, δ an experimentally determined constant ( 5.67x -8  watts / m2 x T4.), and T the temperature of the surface of the radiating black body object.


You can now show that the temperature of the sun, according to this approach, is about 5900 K. 

Although the sun is millions of degrees in its core, pyrometric measurment of the surface of the sun produces a black body temperature of about 6000 degrees K and the maximum power wavelength of the black body curve, shown below, is: 

Wavelength (max) = (0.0029)/T = .0029/6000 = 483 nanometers (nm).


Thus the sun appears white hot because the peak radiation output is in the blue/green portion of the visible spectrum.
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Fig. 31: The Solar Spectrum
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Fig. 32: Black body radiation
IL 34
** Source of figure 32 and an advanced discussion of BB radiation (http://www.egglescliffe.org.uk/physics/astronomy/blackbody/bbody.html)
The wavelength of the maximum power is in the middle of the ultraviolet range of the 
electromagnetic spectrum and the material would appear blue hot; however, the 
greatest amount power is in ultraviolet radiation and would be invisible and very dangerous to human eyes and tissue. 
IL 35
*** A discussion of black body radiation



http://physics-history.suite101.com/article.cfm/blackbody_radiation)


IL 34 and IL 35 contain excellent pictures and videos of the furnace and should be looked at prior to solving the problems below.
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Fig. 33: The glow of an incandescent lamp. See problem 3 below.
Estimating the temperature at the focal area of the solar furnace.
To estimate the temperature of the focal area we again us two methods, one experimental and the other theoretical:
Assume the outgoing radiation to be that of the incoming 1.00x106 J. of the solar furnace.   
1. Actual measurement using a pyrometer.
2. Apply a theoretical approach by using the physics of black body radiation.

The Odeillo facility has been used to measure hypersonic aircraft and missile parts and other high temperature materials. One advantage of a solar furnace is that it can almost instantly provide maximum heating (KE) were conventional furnaces may take hours to reach similar temperatures. Also the power in the focal plane of the Odeillo facility must be reduced so that the materials being tested are not totally destroyed instantly.

1. 
Direct measurement: Pyrometric measurements show that the temperatures reached when a metal is melted reaches value of over 3000 K.

2. Estimating the temperature using the Stephan-Boltzmann radiation formula R = δ A T4



Using the equation above you can proceed as follows: Imagine an object placed in the focal area of 0.1 m2 to be radiating, rather that being irradiated by the solar furnace. You can show that the black body radiation equation predicts a temperature of about 3600 K. 

Questions and problems 2

In this section we will continue our discussion by involving the students to make some sophisticated calculations with some guidance.
1.

According to Fig. 34 the flux of the solar  radiation of the sun leaving the 
surface of the sun is about 1.33x10 W/ m2. Verify this value. The radius of the 
sun is 7.0x107m.

2.

Study Fig. and answer the following question:

 
On the average what percentage of the solar radiation can be intercepted by 
solar device on the surface of the earth in North America?

3.

The filament of an incandescent lamp is made of tungsten, that has a very high 
melting point, at 3422ºC , or 3695 K. We can us the glowing incandescent 
lamp as an example of black body radiation.



a.
Look at an incandescent lamp through a hand-held spectroscope and 


he spectrum you see with the solar spectrum shown in Fig.x .



b.
An incandescent lamp has a tungsten filament with a total surface 



area of 1 cm2.  The power rating of the lamp is 120W. Using the 



Stephan/Bolztmann law of radiation calculate the temperature of the 


temperature of the filament. Show that the temperature is about 



2150 K, or about 2400 ºC.

(Note that about 95% of the radiation is in the infrared and only 5% in the visible region of the radiation spectrum of the lamp. This is why we are replacing these lamps with more efficient lamps). See figure 34. 
IL 36
*** A very comprehensive discussion of various electric lamps and the radiation produced



(http://www.squidoo.com/tungstenlamps)
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Fig. 34: Spectral radiation output


c.

Study figure 34 above. Estimate the percentage of the energy produced that 

is in the visible light region. Approximately how efficient is this tungsten 


incandescent lamp?
4.

What would be a rough estimate of the black body temperature of a material 
placed at the maximum power point in the focal plane of the Odeillo solar 
furnace if we could make one square centimeter of a theoretical material that 
could survive long enough for us to make a pyrometric measurement? We will 
assume that the sample is in a vacuum and that thermal conduction and 
convection are not an issue.
5.

Again, use the Stephan/Boltzmann law of radiation to show that the 
temperature on this small area would be about 20,000K. Note: Assume that all 
the radiation reflected from the solar furnace (about 1000 kW) is concentrated 
on an area of 1 cm2.
IL 37
*** Detailed description of the sun.



(http://www.uwgb.edu/dutchs/planets/sun.htm)
IL 38
** The greenhouse effect and affected weather patterns


(http://oceanworld.tamu.edu/resources/oceanography-book/radiationbalance.htm)
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Fig. 35: The radiation balance of the earth
Solar energy for cooking: Small scale solar furnaces

Solar cooking is the simplest, safest, most convenient way to cook food without consuming fuels or heating up the kitchen. Many people choose to solar cook for these reasons. But for hundreds of millions of people around the world who cook over fires fueled by wood or dung, and who walk for miles to collect wood or spend much of their meager incomes on fuel, solar cooking is more than a choice — it is a blessing. For millions of people who lack access to safe drinking water and become sick or die each year from preventable waterborne illnesses, solar water pasteurization is a life-saving skill. There are numerous reasons to cook the natural way — with the sun.
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Fig. 36: Concentrating solar radiation by a parabolic reflector
Solar cookers for personal use
IL 39
** Solar cookers



(http://www.solarcookers.org/basics/why.html)
IL 40
**** An excellent discussion of the physics of solar cookers


(http://en.wikipedia.org/wiki/Solar_cooker)
IL 41
*** Very good sites to see many different solar cookers


(http://www.builditsolar.com/Projects/Cooking/cooking.htm#Cooking)

A solar oven or solar cooker is a device which uses solar energy as its energy source. Because they use no fuel and they cost nothing to run, humanitarian organizations are promoting their use worldwide to help slow deforestation and desertification caused by using wood as fuel for cooking. Solar cookers are also sometimes used in outdoor cooking especially in situations where minimal fuel consumption or fire risk are considered highly important.

The basic principles of all solar cookers are:

· Concentrating sunlight: Some device, usually a mirror or some type of reflective metal, is used to concentrate light and heat from the sun into a small cooking area, making the energy more concentrated and therefore more potent. 

· Converting light to heat: Any black covering on the inside of a solar cooker, as well as certain materials for pots, will improve the effectiveness of turning light into heat. A black pan will absorb almost all of the sun's light and turn it into heat, substantially improving the effectiveness of the cooker. The better a pan conducts heat, the faster the oven will work. 

· Trapping heat: Isolating the air inside the cooker from the air outside the cooker makes an important difference. Using a clear solid, like a plastic bag or a glass cover, will allow light to enter, but once the light is absorbed and converted to heat, a plastic bag or glass cover will trap the heat inside using the greenhouse effect. This makes it possible to reach similar temperatures on cold and windy days as on hot days. 

However, each of these strategies alone for heating something with the sun is fairly ineffective, but most solar cookers use two or all three of these strategies in combination to get temperatures high enough  for cooking most foods.

The top can usually should be removed to allow dark pots containing food to be placed inside. The box usually has one or more reflectors with aluminum foil or other reflective material to bounce extra light into the interior of the box. Cooking containers and the inside bottom of the cooker should be dark-colored or black. The inside walls should be reflective to reduce radiative heat loss and bounce the light towards the pots and the dark bottom, which is in contact with the pots.



Fig. 37: Solar tea kettle in Tibet.
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Fig. 38: Gathering wood for cooking in Africa.
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Fig. 39: A small solar cooker in Africa.
[image: image42.jpg]



Fig. 40: Large parabolic solar cookers.
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Fig. 41: Solar cookers in the Andes
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Fig. 42: Solar cooker in the Sudan
[image: image44.jpg]



Fig. 43: Cooking in the backyard
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Fig. 44: A common solar cooker, seen in Beijing.             
Home solar collectors and solar ovens, alternate energy.

The cooking time in a small solar cooker depends primarily on the equipment  used, the amount of sunlight at the time, and the quantity of food that needs to be cooked. Air temperature, wind, and latitude also affect performance. Food cooks faster in the two hours before and after the local solar noon than it does in either the early morning or the late afternoon. Larger quantities of food, and food in larger pieces, take longer to cook. As a result, only general figures can be given for cooking time. For a small solar panel cooker, it might be possible to melt butter in 15 minutes, to bake cookies in 2 hours, and to cook rice for four people in 4 hours. However, depending on the local conditions and the solar cooker type, these projects could take half as long, or twice as long.

It is difficult to burn food in a solar cooker. Food that has been cooked even an hour longer than necessary is usually indistinguishable from minimally cooked food. The exception to this rule is some green vegetables, which quickly change from a perfectly cooked bright green to olive drab, while still retaining the desirable texture.
IL 42
**** An excellent source discussing the science of solar cooking


(http://solarcooking.org/solarcooking-faq.htm)
The Science of Solar Cooking:

See Appendix 
Questions and problems 3
1. 
In India “mini solar surfaces” are used for cooking purposes. They are parabolic reflecting dishes with a diameter of about 1 meter. Approximately how long would it take to heat 2  liters of water from 30ºC to the boiling point, 100ºC using one of these “furnaces”? Assume that the solar flux here is about 500 W/m2 and that the focal area covers the cooking area and that the reflectivity is 80.
2.
In Fig there is a large satellite dish that was converted to a solar cooker. How long would it take to heat 2 l of water under the same conditions as in problem 1? Hint: Since the conditions are the same except that the dish has twice the diameter you should be able to find the answer immediately.

Fig. 45: A satellite dish converted to a solar cooker.
3.
You focus the sun on your skin with a magnifying glass. The radius of the magnifying glass is 6 cm and the radius of the focal area is 0.5 cm. Assuming that the solar flux is about 400 W/m2 and that your skin is a perfect black body and also assuming that you could stand the pain, estimate the temperature of your skin that is covered by the focal area after 10 seconds. 
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Fig. 46: Focusing the sun with a magnifying glass.
4.
Discuss the following:  Taken from IL 42.

Safety for food cooked by any method requires meeting specific rigid conditions. Cooked food at temperatures between 125° F and 50° F (52° C - 10° C) can grow harmful bacteria. This temperature range is known as the danger zone. To protect against food poisoning, microbiologists and home economists strongly recommend that food be kept either above or below these temperatures. 


These precautions are the same whether food is cooked with gas, electricity, microwaves, wood fire, or solar heat as well as foods cooked by retained heat, crock pot, barbecue pit or any other method.


 In cooked food held at room temperature, there is a chance of Bacillus cereus food poisoning, a major intestinal illness. Worse, if the food is not thoroughly reheated before consumption, there is a chance of deadly botulism poisoning or salmonella. Even if it is reheated, when cooked food has been in the danger zone for three to four hours, there remains a risk of food poisoning in solar cooked food as in food cooked by any other method.



Fig. 47: Use this for discussing question 5.
Large Scale Solar Collection A: Using troughs

A parabolic trough power plant's solar field consists of a large, modular array of single-axis-tracking parabolic trough solar collectors. Many parallel rows of these solar collectors span across the solar field, usually aligned on a north-south horizontal axis.


The basic component of a parabolic trough solar field is the solar collector assembly or SCA. A solar field consists of hundreds or potentially thousands of solar collector assemblies. Each solar collector assembly is an independently tracking, parabolic trough solar collector composed of the following key subsystems:

· Concentrator structure 

· Mirrors or reflectors
· Linear receiver or heat collection element
· Collector balance of system
Taken from IL 43 below.
IL 43
*** Parabolic trough solar fields


(http://www.nrel.gov/csp/troughnet/solar_field.html#balance#balance)

Each parabolic trough solar collector assembly consists of multiple, torque-tube or truss assemblies (often referred to as solar collector elements or modules.
Taken from: IL 44.

IL 44
*** All about parabolic trough solar collectors (http://thefraserdomain.typepad.com/energy/2005/09/about_parabolic.html)
About Parabolic Trough Solar Collectors

Trough solar systems use parabolic curved, trough shaped reflectors focus the sun's energy onto a receiver pipe running at the focus of the reflector.  Because of their parabolic shape, troughs can focus the sun at 30-60 times its normal intensity on the heats a heat transfer fluid (HTF), usually oil, flowing through the pipe.  This fluid is then used to generate steam which powers a turbine that drives an electric generator. 



Fig. 48: Function scheme of a solar thermal parabolic trough power plant. Source: DLR. [Wording: Field of solar collectors, Hot tank, Storage, Cold tank, Heat transfer fluid pump, Reheater, Superheater, Preheater, Network, Turbine, Condenser, Feed-water pump, Generator, Cooling tower


The collectors are aligned on and east-west axis and the trough is rotated to follow the sun to maximize the suns energy input to the receiver tube.  Click on flow diagram above to see a full size flow diagram of the new plants being built in Spain.  Current cost of electricity from these plants is  $0.10 to $0.12 per kWh.  The current goal of ongoing development by EERE is to reduce the cost to $0.035 to $0.043 per kWh by 2020. 


The concentrated energy heats a heat transfer fluid (HTF), usually oil, flowing through the pipe. This fluid is then used to generate steam which powers a turbine that drives an electric generator.  The collectors are aligned on an east-west axis and the trough is rotated to follow the sun to maximize the suns energy input to the receiver tube.  



Fig. 49: Trough solar collecting farm in Spain.
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Fig. 50: Detailed images of a solar collecting system using arrays of troughs.

IL 45
*** Source of figure 50 and animated motion presentation.



(http://www.technologystudent.com/energy1/solar3.htm)

The fluid going through the receiver pipe is routed through a thermal storage system which permits the plant to keep operating for several hours after sunset while the electrical demand is still relatively high.  The thermal storage system (to be used in Spain) is a two tank system in which the HTF flows through the solar field and then through a heat exchanger where it gives up a portion of its heat to heat a nitrate salt solution that is stored in a hot salt tank.  The slightly cooled HTF continues on to the power generation system.  At night the hot salt solution flows through the same heat exchanger heating up the HTF for generating power.  The cooler oil flows from the heat exchanger to the cold storage tank where it stays until daytime when it is reheated and returned to the hot storage tank. 

Questions and problems 5:
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Fig. 51: Cross section of a parabolic solar collector
In the following problems we will assume the following dimensions for the troughs and the “solar field”:


1.

Width:  1 m, 

2.

Length: 100m


3.

Number of troughs distributed over a large area: 100.

4.

The reflectivity of the surface is 80.

5. 

The average solar flux for a sunny day is 350 watts/ m2 .


6.

The separation distance between the centres of troughs is 3m.


7.

The diameter of the flow pipe: 5 cm.



Fig. 52: For problems: The troughs are 100 long, 1m wide, and separated by 3 m. There are 100 troughs in the “solar field”. 
1.
Estimate the approximate size of the field, in:


a.
Square meters



b.
Hectares



c.
Acres

2.
The size of the field is 100mx300m, or 30,000 m2. 


Calculate:


a.
The solar energy arriving on the surface of the field every second. 


b.
The solar energy collected along the pipe by each trough every second.

c.
The solar energy collected in the whole solar field.

d.
The average ‘solar power’ of the field.


e.
The overall efficiency of the field

3.
Assume that the average household requires about 10 kilowatts of power. How many households is this solar field able to supply with energy? Remember, the average solar flux of 350 watts/ m2 is taken over a period of 6 hours.
Solar water heaters.
IL 46
*** General description of solar water heaters



(http://www.canren.gc.ca/prod_serv/index.asp?CaId=141&PgId=750)
General description of solar water heaters (taken from IL 46).

Water heating is one of the most cost-effective uses of solar energy, providing hot water for showers, dishwashers and clothes washers. Every year, several thousands of new solar water heaters are installed worldwide.
Canadian manufacturers have developed some of the most cost-effective systems in the world. Cconsumers can now buy "off-the-shelf" solar water heaters that meet industry-wide standards, providing a clean alternative to gas, electric, oil or propane water heaters. Freeze-protected solar water heaters manufactured in Canada have been specifically designed to operate reliably through the entire year, even when the outside temperature is either well below freezing or extremely hot.

There are many possible designs for a solar water heater. In general, it consists of three main components
1.

Solar collector, which converts solar radiation into useable heat. 

2.

Heat exchanger/pump module, which transfers the heat from the solar collector 
into the potable water. 

3.

Storage tank to store the solar heated water. 

The most common types of solar collectors used in solar water heaters are flat plate and evacuated tube collectors. In both cases, one or more collectors are mounted on a southerly-facing slope or roof and connected to a storage tank. When there is enough sunlight, a heat transfer fluid, such as water or glycol, is pumped through the collector. As the fluid passes through the collector, it is heated by the sun. The heated fluid is then circulated to a heat exchanger, which transfers the energy into the water tank.

When the homeowner uses hot water, cold water from the main water supply enters the bottom of the solar storage tank. Solar heated water at the top of the storage tank flows into the conventional water heater and then to the taps. If the water at the top of the solar storage tank is hot enough, no further heating is necessary. If the solar heated water is only warm (after an extended cloudy period), the conventional water heater brings the water up to the desired temperature.
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Fig. 53: Active, closed loop solar water heater.

A large, flat panel called a flat plate collector is connected to a tank called a solar storage/backup water heater by two pipes. One of these pipes runs through a cylindrical pump into the bottom of the tank, where it becomes a coil called a double-wall heat exchanger. This coil runs up through the tank and out again to the flat plate collector. Antifreeze fluid runs only through this collector loop. Two pipes run out the top of the water heater tank; one is a cold water supply into the tank, and the other sends hot water to the house.
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Fig. 54: A roof- mounted simple solar water heater.



Fig. 55: Balcony solar water heaters
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Fig. 56: A Polar Bear water system that can be bought and installed

A Polar Bear solar water system typically consists of glazed collectors mounted on a roof and connected to a storage tank. Fluid is pumped to the collectors where it is warmed by the sun, then returned to a heat exchanger where it heats the water in a storage tank. 

Active Polar Bear solar systems use solar collectors and additional electricity to power pumps or fans to distribute the sun's energy. The heart of a solar collector is a black absorber which converts the sun's energy into heat. The heat is then transferred to another location for immediate heating or for storage for use later. The heat is transferred by circulating water, antifreeze or sometimes air. Applications for active Polar Bear solar energy include heating systems, heating swimming pools, domestic hot water use, ventilation and industrial process air and water for commercial facilities such as laundries, car washes and fitness centres.

Questions and problems 6
1.

A solar water collector (see Fig.   ) has an area of 1 square meter. It has 
dimensions of 1mx1mx0.10 m. The solar flux for that day is about 400 W/ m2. 
Assume that the solar energy is absorbed by the black surface with an 
efficiency of 80%.


a. 

What is capacity of the collector in liters?



b.
 
If the temperature outside as well as the temperature of the water is 


20ºC, how long would it take to heat the water to 50º C ? to the 



boiling point?
2.
 
There are 10 solar water collectors on the roof in problem 1. How long would 
it take to change the water temperature from 20ºC to the boiling point of the 
tank that has a capacity 1 m3 (1000liters )?
Solar batteries (voltaic cells) used commercially

IL 47
*** This a very comprehensive history and description of photovoltaic cells



(http://en.wikipedia.org/wiki/Solar_cell)
IL 48
** Video showing how photovoltaic cells operate



(http://www.alternative-energy-news.info/technology/solar-power/photo-
voltaics/)

Solar panels are devices that convert light into electricity.They are also called photovoltaics which means "light-electricity". Solar cells or PV cells rely on the photovoltaic effect to absorb the energy of the sun and cause current to flow between two oppositely charge layers.

Photovoltaic (or PV) systems convert light energy into electricity. The term "photo" is a stem from the Greek "phos," which means "light." "Volt" is named for Alessandro Volta (1745-1827), a pioneer in the study of electricity. Photovoltaics literally means light-electricity. 

Most commonly known as "solar cells," PV systems are already an important part of our lives. The simplest systems power many of the small calculators and wrist watches we use every day. More complicated systems provide electricity for pumping water, powering communications equipment, and even lighting our homes and running our appliances. In a surprising number of cases, PV power is the cheapest form of electricity for performing these tasks.
IL 49
*** How a photovoltaic cell works



(http://inventors.about.com/library/inventors/blsolar3.htm)
Solar cells absorb the visible light of the sun, though half of the sun’s output is made up of infrared light that too strikes the earth and it remains completely un-utilized. That is why only about 30% of the total sunlight can be converted to electricity thus lowering photovoltaic cells’ efficiency. But Spanish scientists have developed a new material that can absorb this invisible infrared light too. It will possibly give a boost to the solar cells’ producing energy and help in combating the current energy crisis. These special solar cells are developed by the scientists from Institute for Solar Energy at the Polytechnic University and the Institute of Catalysis of the Spanish Higher Scientific Research Council in Madrid, Spain
IL 50
*** A detailed discussion of the physics of PV cells



(http://www.lbl.gov/Science-Articles/Archive/sb-MSD-multibandsolar-panels.html)
[image: image59.jpg]photons

current

p-type semicoriductor





Fig. 57: In the material of a photovoltaic cell, incoming photons free electrons of 


  corresponding energy, which migrate toward the positive side of the  junction, forming an electric current.
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Fig. 58: The photovoltaic cell: p-Types, n-Types, and the Electric Field

The "photovoltaic effect" is the basic physical process through which a  PV cell converts sunlight into electricity. Sunlight is composed of photons, or “particles” of solar energy. These photons contain various amounts of energy corresponding to the different wavelengths of the solar spectrum. When photons strike a PV cell, they may be reflected or absorbed, or they may pass right through. Only the absorbed photons generate electricity. 

When this happens, the energy of the photon is transferred to an electron in an atom of the cell (which is actually a semiconductor). With its newfound energy, the electron is able to escape from its normal position associated with that atom to become part of the current in an electrical circuit. By leaving this position, the electron causes a "hole" to form. Special electrical properties of the PV cell—a built-in electric field—provide the voltage needed to drive the current through an external load (such as a light bulb).
IL 51
** 


(http://inventors.about.com/library/inventors/blsolar3.htm)
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Fig. 59: Anatomy of a solar cell
Efficiency of modern solar cells
IL 52
*** Description of the history of the photovoltaic cell


(http://en.wikipedia.org/wiki/Solar_cell)

See IL 52 for a comprehensive discussion of the history of the efforts mad to improve the efficiency and the economic viability of solar cells. The authors are claiming that “Current research is targeting conversion efficiencies of 30-60% while retaining low cost materials and manufacturing techniques”.
Efficiency:

Energy conversion efficiency is the ratio between the useful output of an energy conversion machine and the input, in energy terms. The useful output may be electric power, mechanical work, or heat. We can say that:
                                                              e = Pout / Pin 


Where e is efficiency (between 0 and 1),  Pout is the energy output and Pin  the energy that enters the system. 

Solar cell efficiencies vary from 6% for amorphous silicon-based solar cells to   40. % with multiple-junction research lab cells and 43 % with multiple dies assembled into a hybrid package. However, the highest efficiency cells have not always been the most economical — for example a 30% efficient multijunction cell based on exotic materials such as gallium arsenide or indium selenide and produced in low volume might well cost one hundred times as much as an 8% efficient amorphous silicon cell in mass production, while only delivering about four times the electrical power.

A common method used to express economic costs of electricity-generating systems is to calculate a price per delivered kilowatt-hour (kWh). Using the commercially available solar cells (as of 2006) and system technology leads to system efficiencies between 5 and 19%. As of 2005, photovoltaic electricity generation costs ranged from ~0.60 US$/kWh (0.50 €/kWh) (central Europe) down to ~0.30 US$/kWh (0.25 €/kWh) in regions of high solar irradiation. 


This electricity is generally fed into the electrical grid on the customer's side of the meter. The cost can be compared to prevailing retail electric pricing (as of 2005), which varied from between 0.04 and 0.50 US$/kWh worldwide. (Note: in addition to solar irradiance profiles, these costs/kwh calculations will vary depending on assumptions.
A typical advertisement found on the internet:
IL 53
** Solar energy and finance



(http://www.livescience.com/environment/081006-energy-costs.html)

The following is a typical advertisement for buying and installing solar energy in a house:

As utility costs mount ever higher, Americans now have real options to take home energy matters into their own hands with "green" systems that can pay for themselves in as little as a few years. 


Among the choices: wind, solar, geothermal and a "microhydro" option that is potentially cheaper than a year's tuition at many state colleges. 


Choosing the do-it-yourself route can offer the freedom of going partially or totally off the grid. And, if the energy generated exceeds your actual usage, you can even sell the excess juice to your utility company. But none of this is free. Here's how much change you should expect to kick in:

The economics of a small photovoltaic system depend not only on the cost of designing and installing the system, which can vary considerably, but also the expense of maintaining and operating the system over the course of its serviceable lifetime, which usually spans between 25 to 30 years. The cost-effectiveness of such a system also depends on how much sun you get where you live, your electricity usage, and the size of your system.


If you're an average American household that uses 11,000 kilowatt-hours (kWh) per year, and you want to harness the power of the sun for 50 percent of your energy use, you can expect a 7.76 kilowatt (kW) peak power system to set you back about $35,000 to $52,000, according to FindSolar.com, an online calculator sponsored by the U.S. Department of Energy, the American Solar Energy Society, and the Solar Electric Power Association. 


You can probably shave off a few thousand dollars once state and federal rebates come into play.


Assuming a property value appreciation of $14,000 to $27,000, as well as average annual utility savings of $1,000 to $2,000, you can potentially recoup your investment in three to 14 years.

[image: image62.jpg]



Fig. 60: Photovoltaic solar panels on the roof of a house near Boston, Mass.

IL 54
**A list of FAQ and answers from Ameco – a southern Californian solar energy company


(http://www.solarexpert.com/grid-tie/FAQs.html)



IL 55
** A list of FAQ and answers from General Electric


(http://www.gepower.com/prod_serv/products/solar/en/faqs/resid_sys.htm)
IL 56
** Good discussions of residential solar electric power



(http://www.canren.gc.ca/prod_serv/index.asp?CaId=143&PgId=765)
IL 57
** Solar electric systems (http://www.quantumenergy.ca/products_and_services/solar_electric_systems.html)
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Fig. 61: Two types of solar collectors for domestic use.
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Fig. 62: Anatomy of a solar panel
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Fig. 63: Schemata for a grid connected system and stand-alone system.
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Fig. 64: The energy distribution of a solar driven electric system.
The size and configuration of a system depend on its intended task. Modules and arrays can be used to charge batteries, operate motors, and to power any number of electrical loads. With the appropriate power conversion equipment, solar power systems can produce alternating current (AC) compatible with any conventional appliances, and can operate in parallel with, and interconnected to, the utility grid (see grid coupling).


Among the components of a complete solar power system may be a DC-AC power inverter, a battery bank, a system and battery controller, auxiliary energy sources, and sometimes the specified electrical load (appliances). In addition, an assortment of balance of system (BOS) hardware, including wiring, overcurrent, surge protection and disconnect devices, and other power processing equipment.


A converter is a device that converts direct current electricity (for example, from a solar module or array) to alternating current (single or multiphase), for use in operating AC appliances or supplying power to an electricity grid.


Stand-alone inverters, also known as off-grid inverters, convert DC power stored in batteries to AC power that can be used as needed. Synchronous inverters, also called grid-tie inverters, can be used to convert the DC output of a photovoltaic module, a wind generator, or a fuel cell to AC power to be connected to the utility grid. 
Questions and problems 7

For the following problems we will examine a house like the one shown in figure 64 
above.

You can see that there are 16 collectors in one row and altogether 3 rows. Each 
collector area is 1 m2.  Also assume that the average solar flux in a six hour period on 
sunny days is about 300 w/ m2. Also assume that solar cells (voltaic cells) are about 
20% efficient in transforming solar radiation to electric power
1.

How many watts of electric power could you generate when the sun shines?
2.

Over a period of 10 days how much energy in kWhrs would you expect to 
collect?

3.

In an average North American household uses 11,000 kilowatt-hours (kWh) 
per year, and you want to harness the power of the sun for 50 percent of your 
energy use, you can expect a 7.76 kilowatt (kW) peak power system to set you 
back about $35,000 to $52,000.


You can probably shave off a few thousand dollars once state and federal 
rebates come into play.


Assuming a property value appreciation of $14,000 to $27,000, as well as 
average annual utility savings of $1,000 to $2,000, you can potentially recoup 
your investment in three to 14 years. Discuss.
The energy output of sun; the modern explanation 
IL 58
** Detailed description of the sun and the solar system



(http://www.nineplanets.org/sol.html)
Data for our sun


Our Sun is a normal main-sequence G2 star, one of more than 100 billion stars in our galaxy. 

        



diameter:      
1,390,000 km.

        



mass:            
1.989x1030 kg
        



temperature: 
800 K (surface) 1.6x107 K (core)


The Sun is by far the largest object in the solar system. It contains more than 99.8% of the total mass of the Solar System (Jupiter contains most of the rest). The Sun is, at present, about 70% hydrogen and 28% helium by mass everything else ("metals") amounts to less than 2%. This changes slowly over time as the Sun converts hydrogen to helium in its core. 


Conditions at the Sun's core (approximately the inner 25% of its radius) are extreme. The temperature is 15.6 x106   Kelvin and the pressure is 2.50x1011 atmospheres. At the center of the core the Sun's density is more than 150 times that of water. 


The Sun's energy output (3.86 x10 26 Watts) is produced by nuclear fusion reactions. Each second about 700,000,000 tons of hydrogen are converted to about 695,000,000 tons of helium and 5,000,000 tons (=3.86e33 ergs) of energy in the form of gamma rays. As it travels out toward the surface, the energy is continuously absorbed and re-emitted at lower and lower temperatures so that by the time it reaches the surface, it is primarily visible light. For the last 20% of the way to the surface the energy is carried more by convection than by radiation. 
Try the following guided problems:
1.

Physicists use the unit of electron volts (eV) for energy. This is the energy 
required to accelerate an electron by a potential difference of 1 volt, that is, 
1.6x10-19 J. In the thermonuclear reaction shown by the equation below, the 
“mass defect” is 0.0287.

a.

Using Einstein’s equation E = mc2, show that this energy can be expressed 

as about 26 MeV. 


b.

Show that the “mass defect’ is 0.0287 u that represents only 0.07 % of the 


total mass of H entering the thermonuclear reaction.

c. 

We will see that the energy output of the sun per second (power) is about 


3.9x1026  J/s. Calculate the total mass of hydrogen that reacts every second 

to produce this enormous output.

2.

If we could tap the Sun's energy directly, our energy problems would be 
solved. Unfortunately, only a tiny part of this energy reaches the earth. 
Almost all the energy of the Sun escapes into space, as does the energy of 
other stars. We see some of this energy as starlight. What solar energy does 
strike the earth is spread out too broadly to be collectable in large amounts. 




a.
Estimate the solar energy intercepted by the earth each 



second. Show that this energy is equal to  2 π R x S, where 



R is the radius of the earth and S, the solar constant is about 


1400 W/m2.




b.
The surface of the Sun, called the photosphere, is at a 



temperature of about 
5800 K. Sunspots are "cool" regions, 


only 3800 K (they look dark only by 
comparison with the 



surrounding regions). Sunspots can be very large, as much 



as 50,000 km in diameter. Sunspots are caused by 




complicated and not very well understood interactions with 



the Sun's magnetic field. 
3.

A small region known as the chromosphere lies above the photosphere. 
The highly rarefied region above the chromosphere, called the corona, 
extends millions of kilometers into space but is visible only during a total 
solar eclipse (left). Temperatures in the corona are over 1,000,000 K.


Fig. 65: From left to right: The sun’s corona during a total eclipse, sun spots, 
and the chromosphere.

The following is taken from IL  58
a.
The Sun, average star though it is, puts out energy on a staggering scale. The largest energy unit most people are familiar with is the megaton, used in measuring the power of nuclear weapons. A megaton is the energy of a million tons of high explosive. The Sun's energy output is about equal to 90 billion megatons every second. The entire power-generating capacity of the earth equals about 60,000 megatons per year, so in one second the Sun produces over a million ears' worth of energy for the earth. If the Sun derived its energy by burning coal, it would take only 18 hours to burn a mass of coal equal to the 
earth. And the Sun has been doing this for 4.6 billion years.


Verify the claims made above: 



Claim 1: 
The entire power-generating capacity of the earth equals 



about 
60,000 megatons per year, so in one second the Sun 



produces over a million years' worth of energy for the 



earth. 



Claim 2: 
If the Sun derived its energy by burning coal, it would take 



only 18 hours to burn a mass of coal equal to the earth. 
b.
Where the Sun gets its energy was one of the great scientific problems of the 1800's, because geologists had found evidence the earth was very old, but astronomers and physicists could not find an energy source capable of powering the Sun for such great spans of time. The discovery of nuclear energy in the 20th century solved the problem. The Sun derives its energy by nuclear fusion, in which four hydrogen atoms collide, in a complex process, to form a helium nucleus. This process is much the same as takes place in a thermonuclear weapon, but on a vastly greater scale.
     Discuss some of these claims.
IL 59
*** Nuclear fusion 


(http://library.thinkquest.org/3471/fusion_body.html)


By the late 1930s the German-American physicist Hans Bethe and the German astrophysicist Weizecker showed that sun the solar energy is produced by a series of thermonuclear reactions involving hydrogen (protons). See IL   .


Overall, this amounts to the combination of four protons and two electrons to form an alpha particle (4He), two neutrinos, and six gamma rays. Thus, the overall equation is
[image: image70.png]4'H+2e —>'He+2v+ 6y



.


The energy release in this reaction is
[image: image71.png]AE =[(4)(1.007825u) — 4.002603u][931*%]
=26.7 MeV





The final energy produced is a combination of radiation energy (γ rays), kinetic energy (neutrinos) and the energy due to the mass loss obtained by subtracting the mass of one  α particle, where 1.007825u is the mass of a hydrogen atom and 4.002603u is the mass of a helium atom. (Neutrinos and gamma-ray photons have no mass and thus do not enter into the calculation of disintegration energy). Note that particle physicist us the mass of the proton (1.67x10-27 kg as an unit of mass called atomic unit or u. 

a. 

Physicists use the unit of electron volts (eV) for energy. This is the energy 
required to accelerate an electron by a potential difference of 1 volt, that is, 
1.6x10-19 J. In the thermonuclear reaction shown by the equation above, the 
“mass defect” is 0.0287. Using Einstein’s equation E = mc2, show that this 
energy can be expressed as about 26 MeV.
b.

Show that the “mass defect’ is 0.0287 u that represents only 0.07 % of the total 
mass of H entering the thermonuclear reaction.
c.

We will see that the energy output of the sun per second (power) is about 
3.9x1026 J/s. Calculate the total mass of hydrogen that reacts every second to 
produce this enormous output.
[image: image72.jpg]



Fig. 66: Imagine a bridge made of ice connecting the earth and the sun.
How large a solar surface would you have to build on Mars to have the same radiation-power gathering capacity as on Earth, assuming an absorption by the atmosphere of only 15%? The distance of Mars from the earth is about 1.50 times the distance between the earth and the sun.
In  IL 59  the following claim is made:
The amount of energy the sun provides for the earth in one minute is large enough to meet the earth’s energy needs for one year. The problem is in the development of technology that can harness this ‘free’ energy source. 

The total World Annual Energy Consumption  is 4.37x1020 Jand the total energy from the Sun that strikes the face of the Earth each year is 5.5×1024 J. 

Check this claim and comment.
IL 60
** Explanation of grid-tied solar power


(http://www.solsmart.com/gridtiedsolar.php)
IL 61
** Solar thermal collectors



(http://www.folkecenter.net/gb/rd/solar-energy/solar_collectors/)
IL 62
** A good summary of photovoltaic cells (http://www1.eere.energy.gov/solar/pv_basics.html)
IL 63
** Good source of solar energy discussion (http://www.powerfromthesun.net/chapter1/Chapter1.htm)
Appendix 
History of Solar Energy


From ancient Greek homes built to face the warm winter sun to advanced thin-film photovoltaics, which generate electricity from the sun, humans have used the sun’s rays to meet their energy needs. This makes sense, given that the sun showers the earth every hour with enough energy to meet world demand for a year. And the best part: this energy is pollution-free, inexhaustible and accessible to many.

Ancient Greeks and Romans saw great benefit in what we now refer to as passive solar design—the use of architecture to make use of the sun’s capacity to light and heat indoor spaces. The Greek philosopher Socrates wrote, “In houses that look toward the south, the sun penetrates the portico in winter.” Romans advanced the art by covering south facing building openings with glass or mica to hold in the heat of the winter sun. Through calculated use of the sun’s energy, Greeks and Romans offset the need to burn wood that was often in short supply. 


Auguste Mouchout, inventor of the first active solar motor, questioned the widespread belief that the fossil fuels powering the Industrial Revolution in the 19th century would never run out. “Eventually industry will no longer find in Europe the resources to satisfy its prodigious expansion. Coal will undoubtedly be used up. What will industry do then?” Mouchout asked prophetically. 

In 1861, Mouchout developed a steam engine powered entirely by the sun. But its high costs coupled with the falling price of English coal doomed his invention to become a footnote in energy history. Nevertheless, solar energy continued to intrigue and attract European scientists through the 19th century. Scientists developed large cone-shaped collectors that could boil ammonia to perform work like locomotion and refrigeration. France and England briefly hoped that solar energy could power their growing operations in the sunny colonies of Africa and East Asia. 


In the United States, Swedish-born John Ericsson led efforts to harness solar power. He designed the “parabolic trough collector,” a technology which functions more than a hundred years later on the same basic design. Ericsson is best known for having conceived the USS Monitor, the armored ship integral to the U.S. Civil War.

Solar power could boast few major gains through the first half of the 20th century, though interest in a solar-powered civilization never completely disappeared. In fact, Albert Einstein was awarded the 1921 Nobel Prize in physics for his research on the photoelectric effect—a phenomenon central to the generation of electricity through solar cells.

Some 50 years prior, William Grylls Adams had discovered that when light was shined upon selenium, the material shed electrons, thereby creating electricity.


In 1953, Bell Laboratories (now AT&T labs) scientists Gerald Pearson, Daryl Chapin and Calvin Fuller developed the first silicon solar cell capable of generating a measurable electric current. The New York Times reported the discovery as “the beginning of a new era, leading eventually to the realization of harnessing the almost limitless energy of the sun for the uses of civilization.” 


In 1956, solar photovoltaic (PV) cells were far from economically practical. Electricity from solar cells ran about $300 per watt. (For comparison, current market rates for a watt of solar PV hover around $5.) The “Space Race” of the 1950s and 60s gave modest opportunity for progress in solar, as satellites and crafts used solar paneling for electricity.


It was not until October 17, 1973 that solar leapt to prominence in energy research. The Arab Oil Embargo demonstrated the degree to which the Western economy depended upon a cheap and reliable flow of oil. As oil prices nearly doubled over night, leaders became desperate to find a means of reducing this dependence. In addition to increasing automobile fuel economy standards and diversifying energy sources, the U.S. government invested heavily in the solar electric cell that Bell Laboratories had produced with such promise in 1953.


The hope in the 1970s was that through massive investment in subsidies and research, solar photovoltaic costs could drop precipitously and eventually become competitive with fossil fuels. 


By the 1990s, the reality was that costs of solar energy had dropped as predicted, but costs of fossil fuels had also dropped—solar was competing with a falling baseline. 


However, huge PV market growth in Japan and Germany from the 1990s to the present has reenergized the solar industry. In 2002 Japan installed 25,000 solar rooftops. Such large PV orders are creating economies of scale, thus steadily lowering costs. The PV market is currently growing at a blistering 30 percent per year, with the promise of continually decreasing costs. Meanwhile, solar thermal water heating is an increasingly cost-effective means of lowering gas and electricity demand.


As you’ve seen, technologies have changed and improved for decades. Still, the basics of solar thermal and photovoltaics have remained the same.
What are the basic kinds of solar cookers?
There are three basic kinds: 

· Box cookers 
This type of cooker has been the advantage of slow, even cooking of large quantities of food. Variations include slanting the face toward the sun and the number of reflectors. You'll find an article discussing solar box cooker designs here.  

· Panel cookers 
This recent development was sparked by Roger Bernard in France. In this design, various flat panels concentrate the sun's rays onto a pot inside a plastic bag or under a glass bowl. The advantage of this design is that they can be built in an hour or so for next to nothing. In Kenya, these are being manufactured for the Kakuma Refugee Camp project for US$2 each. 

· Parabolic cookers
These are usually concave disks that focus the light onto the bottom of a pot. The advantage is that foods cook about as fast as on a conventional stove. The disadvantage is that they are complicated to make, they must be focused often to follow the sun, and they can cause burns and eye injury if not used correctly. Some of these concerns have recently been reduced by Dr. Dieter Seifert's design. 

There is a detailed document here showing a large number of variations on these themes. You can also listen to a good introduction to solar cooking here.
Who made the first solar cooker? 
The first solar cooker we know of was invented by Horace de Saussure, a Swiss naturalist experimenting as early as 1767. See this article for more info.

Where are solar ovens being used the most? 
There are reliable reports that there are over 100,000 cookers in use in both India and China. We are aware of solar cooking projects in most of the countries of the world. Solar Cookers International has recently had a breakthrough in Kenya using the CooKit panel cooker. More than 5000 families are now solar cooking there.

How hot do solar ovens get?
Place an oven thermometer in the sunny part of the oven to get a reading similar to what the cooking pot is "feeling". The temperature reached by box cookers and panel cookers depends primarily on the number and size of the reflectors used. A single-reflector box cooker usually tops out at around 150° C (300° F) as the food approaches being done. High temperatures, however, are not needed for cooking. Your oven will cook just fine as long as it gets up to about 90° C (200° F) or so. Higher temperatures cook larger quantities, cook faster, and allow for cooking on marginal days; However, many people prefer to cook at lower temperatures, since then they can leave the food to cook while they go about their business. With a single-reflector box cooker, once the food is cooked, it just stays warm and doesn't scorch. It's good to keep in mind that no food can go above 100° C (212° F) at sea level anyway, unless a pressurized cooking vessel is used. The high temperatures you see in cookbooks for conventional ovens are just for convenience and for special effects such as quick browning.

How long does it take to cook a meal? 
As a rule of thumb, you can figure that food in a single-reflector box cooker will take about twice as long as in a conventional oven . However, since you can't really burn your food, you don't have to watch the cooker or stir any food as it cooks. You can just put in a few pots with different foods and then come back later in the day and each pot will cook to perfection and then stay hot until you take it out. 

Panel cookers cook smaller portions, usually only in a single pot, but often they cook slightly faster. Some people have reported the need to stir food every once in a while when using this kind of cooker to assure that the food heats evenly. 

Cooking with a parabolic cooker is very similar to cooking on one burner of a conventional stove. Since the concentrated sunlight shines directly on the bottom of a pot, the pot heats up and cooks very quickly. The food will burn though. So you have to stir it and watch it carefully.

Do you have to turn the cooker to follow the sun? 
Box cookers with one back reflector don't need to be turned unless you are cooking beans which take up to 5 hours. Panel cookers need to be turned more often than box cookers, since they have side reflectors that can shade the pot. Parabolic cookers are the most difficult to keep in focus. These need to be turned every 10 to 30 minutes, depending on the focal length. 

Should I take the time to build a box cooker out of "real" materials like plywood or glass or is cardboard good enough?
Unless you need a cooker that can stay outside even in the rain, you'll do just fine with a cardboard cooker. Cardboard is much easier to work with and holds heat just as well. Some people we know have used the same cardboard box cooker for over 10 years.

Would a mirror make a better reflector? 
While mirrors are more reflective than simpler materials such as aluminum foil, but the added gain is probably not worth the increased cost and fragility involved with using a mirror. 

Does it help to paint the walls black? 
Some people prefer to paint the walls black thinking that the oven will get hotter. It seems, however, that the walls will get hotter, but the food won't necessarily get hotter. We prefer to cover the inner walls with aluminum foil to keep the light bouncing until it hits either the dark pot or the dark bottom tray. Since the bottom tray is in contact with the pot, the heat the tray collects will move into the pot easily.

What type of paint should I use?
In developed countries you can buy flat-black spray paint that says "non-toxic when dry" on the label. Otherwise, black tempera paint works, but you have to be careful not to wash it off when you wash the pot. Solar cookers in Uganda report that they use aluminum pots that have been blackened on the outside by fire.

Is glass better than plastic for the window? 
People generally report that glass provides about 10% better performance than plastic. And there is reason to believe that under windy conditions, glass is preferred since it doesn't flap in the wind and dissipate heat from the cooker. Plastic, however, is often recommended since is much less fragile and easier to transport and works plenty well. One excellent, easily-obtained plastic film is oven cooking bags. These are for sale in grocery stores and cost less than US$1 per bag. Other plastics will also work. Plexiglas also works well.

What kind of pots work best? 
Ideally, you want to use a dark, light-weight, shallow pot that is slightly larger than the food you will cook in it. Metal pans seem to cook best. Hardware stores in the US usually carry dark, speckled, metal pans called Graniteware. Shiny aluminum pots--so common in developing countries--can be painted black or can be blackened in a fire. Cast iron pots will work, but extra solar energy is used to heat up the pot as well as the food, so they will not work in marginal conditions.
What is the best insulation to use? 
If you wish, you can insulate the walls of a box cooker with various substances. Fiberglass or Styrofoam is usually not recommended since they give off ill-smelling gases as they heat up. Natural substances such as cotton, wool, feathers, or even crumpled newspapers work well. Many people, however, leave the walls empty of any stuffing, preferring instead to place a piece of foiled cardboard as a baffle inside the wall airspace. This makes a lighter cooker and seems to be adequate. Most of the heat loss in a box cooker is through the glass or plastic, not through the walls. This is why a few percentage points of efficiency here or there in the walls doesn't effect the overall temperature and cooking power that much.

Could I use high-tech materials to make a more efficient solar cooker?
You may find that creating a high-performance cooker using fancy materials will make solar cooking more attractive to people in developed countries. In these countries, cooking only makes up a small percentage of daily energy use, but this is because people in developed countries consume enormous amounts of energy for other purposes (driving, lighting, air conditioning, etc.).  Introducing these people to solar cooking is a good way to show them that they can integrate alternative energy into their lives. Solar cooking and drying clothes outside on a line are the simplest, least expensive ways to use solar energy to offset some of this high energy consumption. This will hopefully open them to the possibility of using alternative energy in other ways.

Millions of poor people around the world, however, still cook over a smoky fire everyday. To find wood for the fire, they have to walk many hours everyday. Other poor city dwellers don't have access to wood, so they have to spend up to half of their income on cooking fuel. These people could never afford an oven made of high-tech materials. 

So it's up to you to decide which population you want to serve. You could work on creating the most practical solar cooker for people in developed countries to help lead them into a greener future, or you can investigate how to make cookers out of cheap, locally-available materials for people in poor countries who can't afford more.
Can you sterilize water in a solar oven? 
Yes. In all three types, water can be brought to a boil. A little-known fact, however, is that to make water safe to drink, it only has to be pasteurized, not sterilized. Pasteurization takes place at 65° C (150° F) in only 20 minutes. This treatment kills all human disease pathogens, but doesn't waste the energy needed to bring the water to a boil. One reason that people are told to boil their water is that thermometers are not readily available in many places and the boiling action serves as the temperature indicator. Dr. Robert Metcalf has written a very informative piece called Recent Advances in Solar Water Pasteurization. You will find other references in the Documents page of the Solar Cooking Archive

Can you use a solar box cooker for canning?
Yes, but for fruits only! Do not can vegetables or meat in a solar box cooker, since these foods need to be canned under pressure! You'll find information on canning here.

Can you cook pasta in a solar box cooker?
To keep the pasta from getting pasty, use two pans.  Heat the dry pasta with oil in one pan; heat the liquid with herbs in another.  Fifteen to 20 minutes before eating, combine the two. If you are going to use a sauce, heat that in a third container.

If solar ovens are so good, why isn't everyone using one? 
There are many factors at work here. First and foremost, the vast majority of the world's population does not even know that it is possible to cook with the sun. When they find out about it there is almost universal enthusiasm, especially in regions where the gathering of cooking fuel and the process of cooking over a smoky fire is a great burden. There are many factors that need to be in place to make it possible for poor people to solar cook on an on-going basis. The most successful projects have been ones where the need was the greatest, the weather the most favorable, and where the solar cooking promoters have taken a long-range approach to the transition. An example of this is the work by Solar Cookers International in the Kakuma refugee camp in Kenya.
If you build a box cooker out of cardboard, won't it catch fire?

No. Paper burns at 451° F (233° C) and your cooker won't get that hot.

How much of the year can you cook? 
In tropical regions and in the southern US you can cook all year depending on the weather. In areas as far north as Canada you can cook whenever it is clear except during the three coldest months of the year. Click the picture to see a map showing the amount of sunlight each part of the world receives.

What foods should I try first in my new Cooker? 
A good first food to try is a small quantity of rice, since it is fairly easy to cook and looks very different cooked than it does raw. Chicken or fish is also very easy to cook. See cooking hints or cooking times.

My cooker only gets up to 250° F (121° C). Is this hot enough to cook when recipes call for 350°F (177° C) or even 450° F (232° C)?

A temperature of 250° F (121° C) is hot enough for all kinds of cooking. Remember that water cannot get hotter than 212° F (100° C). Thus if you are cooking food that contains water, it cannot get hotter than this either. Conventional cookbooks call for high temperatures to shorten the cooking time and for browning. Food just takes longer in most solar cookers, but since the sun is shining directly on the lid of the pot, the food browns just about as well as in a conventional oven.

What happens if the sun goes in front of the clouds while I'm cooking?
Your food will continue to cook as long as you have 20 minutes of sun an hour (using a box cooker). It is not recommended that you cook meats unattended when there is a possibility of substantial cloudiness. More information on food safety, go here. If you can be sure that the sky will stay clear though, you can put in any type of food in the morning, face the oven to the south, and the food will be cooked when you get home at the end of the day.

I'm planning to do a science project on solar cooking. What should I study?
If you're planning a science project, Solar Cooker International wants you to know that your research can help extend the world's knowledge of solar cooking and be of great help to people around the world. You should be aware that it's easy to build a high-performance solar cooker if you have access to modern materials. However, the more than a billion poor people in the world, who could really benefit from having a solar cooker, don't have access to such materials. This means that your research will be most useful if it concentrates on the simplification of cooker design or on the use of low-tech, local materials. For more information, see Topics Needing Research.

What resources are available online? 
Solar Cookers International sponsors the Solar Cooking Archive on the World Wide Web at http://solarcooking.org where you will find illustrated construction plans, photographs, documents, and an international directory of solar cooking promoters. Their thrice-yearly newsletter, the Solar Cooker Review, is also available there. An excellent document for further reading is The Expanding World of Solar Box Cooking, by Barbara Kerr. You'll find a number of audio programs that you can listen to online here. Don't forget to read about eye safety here.

Rays come from reflectors
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