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The CTI Solar Oven 
A Parabolic Trough Solar Concentrator 

Overview 
This article is a description of high-performance, 
multi-purpose solar ovens for those who want to 
consider their suitability for a particular application 
and environment.  It is also an introduction to the 
more detailed documents about the CTI Solar Ovens 
(see sidebar below). 

Purpose and uses of these ovens 
The technical staff at Compatible Technology 
International has developed designs for simple 
parabolic trough solar concentrators (solar ovens) 
that work for a variety of food processing 
applications.  The ovens are designed for use in 
areas where burning fuel is expensive or causes 
environmental damage.  They use no fuel or 
electricity; the sun provides the necessary heat.  
They work in clear weather during that part of the 
day when the sun is well above the horizon.  

 

 

 

PHOTO:  ROASTING PEANUTS DURING MINNESOTA 
WINTER 

PURPOSE OF THIS AND RELATED DOCUMENTS 
This is one of several related documents describing parabolic trough solar concentrators.  The first, “The 
CTI Solar Oven,” is an overview of the purposes, design, and usage of these ovens.  The second, a 
collection entitled “How to Build the CTI Solar Oven,” includes instructions, drawings, parts list, etc.    
The last, a paper entitled “Performance and Design of the CTI Solar Oven,” is a discussion of factors 
that should be considered when modifying the design of these devices or predicting their performance 
under various conditions.  These are minor revisions of documents originally written in March 2001. 
These are not small solar cookers designed for a family meal.  They have enough capacity for 
neighborhood or light commercial use.  The ovens can achieve very high temperatures and provide 
enough power to roast peanuts, boil water, or bake bread.  In the tradition of appropriate technology, 
craftsmen with limited skills and simple tools can build the ovens using mostly local materials. The 
designs not only meet the needs of food processing, but also provide opportunities for local 
entrepreneurs to build and sell the ovens. 
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General Description 
A parabolic trough solar concentrator is a device that concentrates all the direct sunlight that strikes a 
large area (for example the size of a sheet of plywood) by reflecting it to a small vessel called an 
absorber.  The CTI Solar Ovens use a rectangular reflector formed into a parabolic trough (see Figure 1).  
The reflector concentrates the sun’s energy onto a tube that contains the food to be roasted, boiled, or 
baked. 
 
How much heat can we actually get for free?  The sun constantly radiates a huge amount of energy that 
strikes the earth.  The atmosphere absorbs some of this energy and some is reflected in useless 
directions.  The parabolic trough solar concentrators described here can only make use of direct beam 
radiation, i.e., that energy that radiates straight from the sun.  The amount of direct beam radiation 
energy that actually reaches the surface of the earth depends upon the elevation, climate, season, 
weather, etc.  We are able to convert about half of this available energy to useful heat with our design, 
about 1100 watts.  This is the same amount of energy that is consumed by the larger appliances in a 
house that run on standard 115-volt electricity, e.g., clothes washer or microwave oven. 
 
A parabolic trough solar concentrator depends upon accurate aiming (within a few degrees of the sun) to 
efficiently capture energy and achieve high temperatures.  The support frame that holds the oven 
components safely in position allows the operator to easily aim the unit at the sun or move it about. The 
operator must make minor adjustments to the aiming every five or ten minutes. 

WHAT IS A PARABOLA? 
A parabola is a curved line with the property that all lines parallel to its axis will be reflected to one 
point, called the focus.  If a parabola is extended in the third dimension, it forms a parabolic trough.  A 
parabolic trough is a curved surface that reflects all lines parallel to the direction that it is "aimed" to a 
single line called the focal line (see Figure 1). The distance from the focal line to the nearest part of the 
surface, which is the center of the trough, is called the focal length. In mathematical terms, where the 
direction of aim is the Y-axis and the focal length is "b" the curve of the trough is defined by the 
equation Y=(X**2)/(4*b). 
 
A parabolic dish is another curved surface often used for satellite antennas and solar cookers.  The 
parabolic dish reflects lines parallel to its axis to a single focal point.  The parabolic dish is used when 
the target (antenna sensor or cooking pot) is small.  
 
The remaining sections of this article describe the parts of a parabolic trough solar concentrator 
equipped to roast peanuts, roast bread, or boil liquids.  It also gives an overview of oven use, safety, and 
maintenance. 

Oven Design 
The CTI Solar Oven has high performance, but it depends on accurate construction and operation to get 
these results.  While people with little training can operate the oven, some construction skills and tools 
are needed to accurately cut curved pieces from plywood and sheet metal, drill holes, and apply thin 
films to certain parts. The oven has three assemblies, a reflector, an absorber, and a support.  
Construction of the reflector must be very accurate; the absorber is less critical.  The support assembly 
requires the least accuracy. 
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Reflector assembly 
The reflector assembly gathers solar radiation that strikes a large surface and concentrates it on a smaller 
tube used for actual baking, boiling, or roasting.  Concentrating a large amount of energy onto a small 
tube allows it to achieve very high temperatures.  The reflector assembly has a parabolic trough, a 
reflective film, a yoke, and an aiming sight. 

Focal 
length

Focal line

Solar rays

Parabolic 
Trough

 

FIGURE 1.  A PARABOLIC TROUGH REFLECTS ALL DIRECT SOLAR RAYS TO FOCAL LINE ONLY IF IT IS 
AIMED PROPERLY 

Parabolic trough 
The parabolic trough is the largest part of the oven.  It supports a highly reflective film in a shape that 
reflects the sun's rays into a small region called the focal line.  The trough is a flexible sheet of metal, 
plywood, or other material, mounted to a framework that holds it in a parabolic curve.  The oven shown 
in the photos uses sheet metal to support the film and uses wooden sides and cross members to hold the 
sheet metal in the proper shape.  Crossed brace wires may be used to give the trough better rigidity. 
 



The CTI Solar Oven  Page 4 of 12 
  May 16, 2004 
   

PHOTO: PARABOLIC TROUGH AND YOKE 
CONSTRUCTION  

Reflective film 
The reflective film is a thin, mirror-like 
material applied to the parabolic trough. It 
reflects the sun's rays in a predictable 
direction without scattering them.  The 
reflector for the oven shown here is a 2-mil, 
weather protected polyester film covered 
with an aluminum layer and an acrylic 
coating to prevent oxidation of the 
aluminum.  This material or a true 
equivalent is critical to the performance of 
the oven.   

Yoke 
The yoke suspends the cooking tube along 
the focal line of the parabolic trough. The 
support assembly supports the yoke, and 
therefore the reflector and absorber 
assemblies.  The yoke in the photos is made 
from plywood. 

Aiming sight 
The aiming sight is a wooden block with a hole in it, mounted on the end of the parabolic trough. When 
the sun shining through the hole strikes a target drawn on a similar block with no hole, the parabolic 
trough is correctly aimed at the sun.  It works well if the distance from the hole to the target is at least 20 
times the hole diameter.   
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PHOTO: AIMING SIGHT MOUNTED ON TROUGH SIDE SHOWING SLIGHT ERROR 

Absorber assembly 
The absorber converts the sun’s radiant energy to heat.  Different food products require different 
absorber designs.  The design that follows is suitable for roasting peanuts or grains.  Configurations for 
baking bread and boiling water have also been tested.  The absorber assembly has a tube, surrounded by 
a jacket, plus devices for loading, unloading, agitating, stirring, testing, etc. 

Tube 
The tube is the food container.  It may be iron pipe, such as electrical conduit or chain link fence posts, 
or sheet metal.  The tube should be painted flat black on the outside to more efficiently absorb the sun’s 
rays.  The illustrated oven uses a sheet metal air duct for its tube.  End plugs in the tube minimize heat 
loss and prevent food or liquid from falling out.  These plugs may be made of wood or metal.  The tube 
must have vents to allow steam to escape; we have found that the end plugs are a convenient location for 
these vents. A crank attached to one plug allows rotating the tube. 

Jacket 
The jacket is a clear cylinder around the tube. It allows solar radiation to enter, but minimizes the heat 
escaping from the tube.  Wooden spacers hold the jacket a few centimeters away from the tube. The 
jacket shown is made from 4-mil clear, weather-protected polyester film and is clamped to the spacers 
with adjustable hose clamps.  It may be made from any material that can withstand high temperature and 
sunlight. Plastic films, such as Saran Wrap, will melt. 
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PHOTO: ROASTING TUBE WITH 
INSULATING JACKET, END PLUG, 
AND CRANK 

Loader/Agitator 
The loader helps the operator put 
dry food or liquid into the tube and 
remove it when done.  The agitator 
stirs the food while it is roasting.  
Both the loader and the agitator 
must be appropriate for the food or 
liquid. The illustrated 
loader/agitator is for peanuts. It 
includes a short trough attached to 
one end of the roasting tube and a 
series of disks mounted on a long 

rod.  The disks push the nuts into the tube and pull them back out.  The tube’s end plugs can be 
additional disks mounted on the rod.  The agitator is a long paddle mounted perpendicular to the disks.  
Rotating the entire tube, disks, and paddle stirs the peanuts. 
 

PHOTO: LOADER / AGITATOR 
DESIGNED FOR PEANUTS 

Tester 
With all of the food enclosed in the 
tube, the operator needs some 
means of knowing when to stop 
cooking and unload.  Depending on 
the food and the tube this might be 
a window, a thermometer, or some 
means of removing a sample from 
the tube.  The loader/agitator 
shown here allows the operator to 
remove nuts through an opening in 
the end plug without unloading the 
entire batch. 

Baking configuration  
A baking configuration may be used instead of a roasting configuration for breads and vegetables.  We 
had good results by removing the loader/agitator from the roaster configuration, sliding small bread pans 
into the tube, and closing both ends with wooden plugs.  The tube was preheated before inserting the 
bread dough.  Baking times were the same as for a conventional oven.  A special configuration with 
hinged glass windows for viewing the “doneness” was tested successfully, but is a bit difficult to build.  
Potatoes and other vegetables baked nicely by just pushing them into the tube and rolling it periodically. 
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PHOTO: OPTIONAL ROASTING / 
BAKING ASSEMBLY WITH GLASS 
WINDOWS  

Boiler configuration 
A boiler is another alternative to the 
roasting configuration.  We used a 
boiler to measure the effective 
heating power of the unit.  A boiler 
must be made of heavier material 
than hot air duct to avoid leaks and to 
handle the weight and pressure of 
boiling water and steam.  End plugs 
must allow for adding water, 
removing water or steam, and 
preventing pressure buildup.  Adding 

water to a hot tube can build up enough pressure to blow an end plug several meters, even with a 
pressure relief tube in place.  The boiler configuration can be set up to produce steam or to heat water in 
a separate container. 

OVEN CAPACITY 
We conducted tests on a oven with an area of 2.735 square meters exposed to the sun.  It has a roasting 
tube with a 127 mm diameter (5 inches) and length of 1219 mm (4 feet), giving it a volume of over 15 
liters (4 gallons).  It can reach temperatures of 150-260 degrees Celsius (300-500ºF).  The effective 
power transferred to the food is approximately 1100 watts in a temperate climate (Minnesota), which is 
equivalent to a household microwave oven. We have roasted peanuts at a rate of 5-6 kilograms per hour.  
We believe this rate can be increased to 10 kilograms per hour with future improvements and a better 
climate. 

Support assembly 
The support assembly holds the reflector and absorber assemblies safely in position while allowing the 
operator to aim them precisely at the sun.  It has a frame and aiming aids. 

Frame 
The frame supports the reflector and absorber assemblies on flat ground while keeping the entire oven 
stable in moderate winds.  The frame allows two-axis tracking of the sun.  The illustrated design is an A-
frame with a horizontal bar that goes through holes in the yoke, allowing the reflector and absorber 
assemblies to swing over a range of elevation angles.  An operator can change the azimuth (compass 
direction) angle by turning the frame on its wheels.  This provides a concentrator that can always be 
aimed directly at the sun while maintaining the absorber in a horizontal position. 
 
 












