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To:

Mrs. Terry Levinson Nov. 23, 1992 DOE/CEII5479--T4
U.S. Department of Energy ....... '_ .,...
I000 Independence Ave, S.W. DE93 003303
Mail Stop 5E-052 :_i-_......
Washington D.C., 20585 _"_:;'

Subject: Quarterly Report for Grant DE FG 01 90CE 15479

Dear Terry:

Because of delays in each of the tasks of the subject grant,

it was requested that the grant be extended at no cost to

the government. The grant would have ended on 9/25/92,
and has now been extended to 9/25/94.

TASK 1

This task refers to a user test to determine the acceptability

of the Sundyne Solar Cooker and to discover possible mechanical
difficulties in its use. As described in previous reports,
150 cookers were sent to Haiti. One hundred had been placed

with Haitians in villages near Fort Au Prince. Since the

coup, communications have been interrupted. U.S. mail was

stopped, and only recently telephone communication on an
intermittent basis became possible. The marketing firm,
SKA of San Juan, Puerto Rico, had not been able to contact

their employee in Haiti since his first report had been
received from him. However, through Canadian contacts met

at the Stockton World Cooking Conference, we have referred

SKA to a native Haitian who has been in charge of a Canadian

Solar Box Cooker program in a Haitian village. He will
find and interview the natives who have now had their Sundyne

Cookers for the better part of a year. In addition , we

plan another simflar test with the remaining cookers in
a village on Haiti's west coast, and with a Catholic Church
effort irl which a dozen or so locati()ns prepare hot meals

daily for hungry children. Letters can now be sent unofficially
through Lynx Air, a volunteer air service from Florida to
Haiti. Our new representative in Haiti receives his mail

in this unofficial way.

TASK 2

VITA has now completed the correspondence exchange with

the original 70 replies expressing interest. Of these about
ten are seriously interested in using the Sundyne Cooker.

VITA is completing its final report as of this writing.

The final report will include plans for dealing with the , _: ' " i !
organizations showing interest. _"li_%_ _ K_!_
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TASK 3

M.D. Juan has completed two of its contracts. The remaining

contract involves using an ALCOA polished aluminum with

a protective anodized coating as a substitute for the lens
C2_
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material. Final testing of ALCOA's product was unsatisfactory.

The material called "Everbrite" proved to be difficult to

form into the lens configuration. ALCOA's engineering department

has produced a more formable product which does not carry

the Everbrite trade name, but seems equal in reflectivity

and specularity. This material is untempered, and so shows

possibilities of being comparable with the existing lens

dies. Samples of this new material have been sent to M.D.

Juan and is being tested at this time.

I attended the Worldwide Conference on Solar Cooking sponsored

by the College of Pacific in Stockton, California on June

19rh and June 20th. A working display of the Sundyne Cooker

was provided, and a paper written by myself was presented

to the conference. A copy of the paper is enclosed. Robert

Ware, the coinventor of the Sundyne Cooker and Bienvenido
Juan, the manufacturer of the cooker also attended. Mr.

Juan came from Manila for the conference. A wide spectrum
of information was offered from historical to technical

concerning Solar Cookers. All of the cookers displayed

were Solar Box type except for ours and two others, which

were concentrator types. The Sundyne Cooker at this time

is the only cooker manufactured in a mass production manner,

and is therefore the only concentrator design that is economically
viable.

At this conference we met two of the people from British

Columbia Canada who were sponsoring a solar box cooker program

in Haiti. They refer_'ed u_ to their program supervisor

who is Haitian. He _as agreed to complete our testing program

which was interrupted by the coup.

If there are questions or comments, please call me.

(813 954-6562

Sincerely,

,// J_hn B. Long {[
U

..1- DISCLAIMER

This report was prepared as an account of work sponsoredby an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process,or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Governmentor any agency thereof. The views
and opinions of authors expressed herein do not nc_:essarilystate or reflect those of the
United States Governmentor any agency thereof.
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THE SUNDYNE SOLAR COOKER

! The Sundyne Solar Cooker is a concentrating type cooker
designed to be used by a single household for cooking the
midday meal. The cooker will boil a quart of water in about

12 minutes' time assuming midday sun conditions and an initial
water temperature of 75 degrees F. This is roughly the

j time required to boil a similar quantity of water using
! a conventional heating element on an electric range.

Figure i shows an exploded view of the Sundyne Solar Cooker

with a listing of the parts. The cooker is comprised of

three major assemblies; a reflecting lens; a support stand;

and a pot holder assembly.

The 48-inch diameter Fresnel type reflecting lens is designed

to reflect parallel sun's rays and to focus these rays in

a roughly spherical region located about 30 inches above
the plane of the reflector lens. The focal region is 5
to 6 inches in diameter. The lens is assembled from four

identical pie-shaped quadrants to form a flat circular lens.
The reflecting surface consists of five conic surfaces arranged

in a concentric annular configuration. Each of the reflecting

surfaces is flat and tilted at a slightly different angle
to give the desired image size and position. The reflector

quadrants are cold formed from 18 gauge carbon steel. An

i adhesive-backed polyester film coated with vapor deposited
aluminum is applied to each of the reflector surfaces to

give a solar reflectance of about 0.90.

The stand provides structural support for the entire cooker

and allows adjustment of the reflector lens in both azimuth

and elevation. The reflector lens pivots on a ball joint

support and is loc]_ed into position with two wing nuts.
In use, the reflector is positioned so that its plane is

perpendicular to the sun's rays. A sighting tube attached
to the rim of the lens provides a visual indication that

the orientation is correct. The support stand is designed
so that the tilt angle of the lens can be moved from horizontal

to 45 degrees to the horizontal, depending on the time of

day and the season of the year. The apparent motion of
the sun requires the user to reposition the lens about every

30 minutes to maintain the focal region in the proper position

for cooking.

The potholder assembly consists of a pot holder, post, and
a two section swivel arm. The assembly is designed to keep

the pot level at all times, and to support the weight of

a 12-cup cooking pot. Adjustment of the pot position is

independent of adjustment of the lens. Adjustment of the

horizontal position of the pot to assure uniform cooking

is required at I0 to 15 minute intervals by rotating one
of the swivel arms.
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The disassembled solar cooker is shipped, with all hardware

and instructions for assembly, operation, and mainterance

in a carton 24inches square and 9 inches high, which weighs
about 35 ibs. To use the cooker, the cook first aligns

the reflector to the sun using the sighting tube. The cooking

pot is then filled and placed on the pot holder, which is
positioned so the bottom of the pot is at approximately
in the center of the focal region. Raising or lowering

the pot holder changes the diameter of the focal image,
which might be desirable if different diameter pots are
used.

A major mechanical feature of the Sundyne design is the
ease with adjustments can be made, so that the lens is properly

•positioned with relation to the sun's rays, and the pot
is positioned correctly in the focal region. As stated
above, the lens is designed to move independently of the

cooking pot. In previous designs of concentrating solar
cookers, the cooking pot support was attached directly to

the reflector thus necessitating the inconvenience of briefly-. ,_

removing the pot from the cooker while the reflector is

repositioned. With the Sundyne cooker, the pot remains
in a level position on the potholder, while adjustments
can be made to the lens position or the position of the

pot. As the sun moves, if no adjustments are in the lens
position, the focal region changes from circular to slightly

larger in size and elliptical in shape. The concentration
of heat energy in the focal region produces quite high temperatures.
The actual temperature of course depends on the absorbing

characteristics of the material in the focal region. However,

frying of meats, bacon eggs, etc. is accomplished as easily
as on a conventional stove top. Adjustments of the lens
need be made no more often than 30 minute intervals. At

i0 to 15 minute intervals, the pot holder should be moved

back to the center of the focal region. Reaction to previous

concentrator designs has been that the cookers were awkward

and even difficult to use. The ease of use of the Sundyne

design is an important technical feature that can make a

significant impact on market acceptance, and therefore its
commercial feasibility.

Cost of the finished product was a primary consideration

in the over-all design. All of the parts were designed
to be made in 'presses. The ].ens quadrants are cold formed

in a 400 ton hydraulic press. No machining is required

in the manufacture of the parts. They can be assembled

as stamped. The manufacturing plant is located in Manila
in the Philippines, known as M.D. Juan Enterprises. The

major output of the plant is body parts for jeeps and small
buses that are an integral part of the public transportation

system in Manila. The low cost of labor as well as materials
in the Philippines produced a cost per unit that was about

25_ of the best cost estimates we were able to obtain in
the U.S. It was necessary to obtain a price as low as possible

in order to serve a world market consisting of people in

developing countries who still use wood as a cooking fuel.
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The Sundyne Solar Cooker design was submitted to the National

Institute of Science and Technology under its Energy Related
Inventions Program for a review, and was recommended to
the Dept of Energy as a candidate to receive a grant under

its Energy Related Inventions Program. A grant was approved
by the DOE for the purpose of making technical improvements

to the design, and to do a world wide market analysis to
identify areas in which the Cooker was needed, and to locate

possible sources in those areas through which marketing

could be accomplished.

Some 350 letters were sent world wide by Volunteers in Technical

Assistance, A Washington D.C. nonprofit organization. Some
70 institutions or businesses have indicated an interest

in promoting and distributing the Sundyne Cooker in their

areas. The study is still ongoing and probably will not
be complete until tile end of summer.

Previous attempts to market concentrating solar cookers
had not met with success for a variety of reasons, among

which was the fact that cooking with the sun was not culturally
acceptable. From these previous attempts, it was not possible
to determine whether the customer resistance to solar cooking

was related to the cooker design, or simply to a reluctance
to use an untried method which replaced cooking over a wood

fire. For this product, it was decided to select a population

that was poor, that had traditionally used wood as a cooking
fuel, and for which wood was a depleted source of fuel.
Haiti was chosen as the location that met these criteria.

The plan was to place 150 Sundyne Cookers with Haitians

who were willing to participate in a 90 day user test.

A marketing firm in Puerto Rico was selected to place the
units and to monitor their use over a 90 day period. The

units were placed about one month before the coup in Haiti.

We received one report that all of the cookers were being
used when weather permitted. Also that the users wished

there was more than one potholder per unit, and that on

cloudy days the performance of the cooker was poor. Apparently

even on cloudy days there were enough parallel suns rays

to provide some sort of focus. Generally though the response
from the participants was positive. Then the U.S. placed

an embargo on Haiti. No shipments in or out were allowed.

Even mail was not permitted. We have had phone contact

with our }{aitian. people conducting the survey, but there

is no gasoline available to the non-military people, and

our marketing people have not been able to get to the outlying
areas where these cookers were placed. Since charcoal which

had been imported from Jamaica is no longer available and

firewood has not been available for some years, the cookers

should be filling a real need.

One technical improvement that would be desirable, would

be a replacement for the material from which the lens is

made. The present lens is made from steel, painted, and

an overlay of a vapor plated milar is applied as a reflective
surface. The lens made up the greater portion of the 35

pound weight of the unit. An aluminum substitute for the

steel would save 17 pounds of weight. The vapor plated Mylar
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is responsible for nearly one third of the total manufacturing
cost. As a solution to both the weight and cost problems,

Alcoa Aluminum has developed a product marketed under the

tradename "Everbrite". This product has one surface chemically
polished and the polished surface is protected by a transparent
anodized coating. The reflectance is 88% and the weathering

performance is excellent. Under the grant, research has
been done to cold form this material. After a considerable

amount of effort, die modifications have been made to produce

successfful parts. A modification to the potholder design

has been made to provide a screw adj_stment for leveling
the pot when the pot weight .produced too much deflection

in the potholder support. Also dies have been produced to

size the tubing diameters in the rotary joints that ara

part of the stand. Ali. of these items have been completed
this last month. We are hoping to display tile new lens
at this conference.

As a result of our effort in developipg the Sundyne Solar

Cooker over the last five years, we have developed criteria
for the successful commercialization of the Solar Cooker.
It is as follows:

There are four principal requirements for a solar cooker

to be successfully introduced in an appropriate market.

I. The unit must technologically satisfactory. It must

be capable of providing solar energy at a sufficient rate,
at the needed temperature, to cook the desired quantity
of food.

2. It must be sturdy enough to withstand rough handling

and to resist damage by natural hazards (such as wind) for
the desired lifetime.

3. It must socially acceptable and fit with the cooking

and eating habits of the intended users.

4. It must be economically possible for the user to obtain
a cooker at an affordable price.

Despite the variety of solar cookers available, the technology

has not received widespread acceptance. The reasons for
this lack of commercialization are generally attributed
to failure to meet all of these criteria. It is believed

that with appropriate designs, solar cookers may replace

wood burning cookers, thereby saving energy and also reducing

deforestation rates in many of the developing nations.

Submitted by John B. Long
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