Plastic bags for solar cooking 

Some solar cookers use plastic bags wrapping the pots or pans as a glazing. Normally heat-resistant bags such as oven cooking bags ared used. These stand up to the heat of solar cookers very well. If normal plastic bags are used then the bag should not touch the cooking pot because it may melt or embrittle the bag at those places, resulting in holes through which heat escapes. Different wire frames have been designed for this purpose (see below). 

Polypropylene and high density polyethylene (HDPE) are both used in autoclaves which sterilize medical instruments at much higher temperatures than solar cookers normally get. Thus, these plastics are usually available in most countries. HDPE is also widely used for grocery bags worldwide--not the soft, clear plastic, but the crisp, "noisy," slightly milky transparent bags. These HDPE bags are generally quite inexpensive. If nearly transparent, these work almost as well as the much more expensive oven cooking bags made of polyester or nylon. The thickness of the plastic film does not affect the heating of the oven, but may affect its strength and lifetime. 



Reynolds Oven Bags, which are made of nylon, work very well for solar cooking applications.
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Added by Tom Sponheim
In the USA, and in other parts of the world, oven cooking bags are available in most supermarkets. These bags are made to withstand temperatures up to 600°F (315°C). 

The main issues with plastics for box cooker windows are availability and durability. John Roche, an SCI board member, is a retired engineer who worked for the 3M company. His specialty was designing plastic films that could be used as windows for solar box cookers. It is ultraviolet light that plays the most havoc with the chemistry of clear, plastic films, so he tried to develop plastics that could endure the ultraviolet light. The best he got was a clear plastic that would last for a year or two before it got too yellowed and brittle. However, 3M never brought that product to market. Plastics vary greatly in how well they hold up as box cooker windows. You can investigate sources of plastics in the capital, visit the major suppliers, talk to them about the durability and yellowing issues, and then obtain and test the most promising options. You may find that there are relatively affordable plastics that will hold up long enough to be economically and environmentally cost effective. 

The ideal bag for a solar CooKit or any other types of Panel Cookers lets the maximum amount of sunlight through, but does not melt or break down when exposed to the hot pots and the ultraviolet light in sunshine. In practice, bags do break down. Alternatively, some less-than-fully-transparent bags will work with your CooKit. 

The bags packed by Solar Cookers International with the CooKits they sell are called "autoclavable polypropylene bags" which we purchase in boxes of 1000. They are 2 mils in thickness and 19 inches by 24 inches in size. Thicker bags would tend to last longer but be stiffer and harder to work with, but performance of the cooker will not be substantially different. The size of the bag need only be large enough to completely surround your pot with a very small amount of room to spare. 

In the United States, generally the easiest way to find replacement bags is by visiting your grocery store and looking for "oven roasting bags" or "turkey roasting bags." If you live in an area where stores only carry the turkey sized Reynolds bags at Holiday time, or if you use so many bags for your projects that you would like a better quantity deal, or if you want a size larger than the Reynolds turkey bags, you can buy oven bags in boxes of 100 (there is an additional discount if you buy five boxes at a time, which might be of interest to solar cooking clubs) from: The Webstaurant Store (click on "disposables" and then on "specialty bags" to get to the oven bags, which are labled "plastic cooking bags"). The smaller size they offer is 18"x24", roughly comparable to the Reynolds turkey bags (19"x23 1/2"), and the larger size is 24"X30", which is significantly larger, which could be especially useful for using as glazing in a larger box oven or enclosing a whole small cooker in a bag. 

HDPE (high density polyethylene plastic) bags can be used with a solar cookers. They handle high temperatures well. In the United States, they are in common use as grocery bags, often milky white or tan in color, and rustle noisily when handled. These do not appear to work quite as well as completely transparent high-temperature bags, but except on marginal solar-cooking days, the difference may not be noticeable. 



Jose Albano created this frame to protect normal plastic bags (photo shows frame with bag removed)
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Added by Tom Sponheim
Experimenters have found that clear nylon, polyester or polypropylene bags work well. After about a dozen uses they get brittle and tear. Even with holes in them, the bags still work, and two badly torn bags, one inside the other, can be as good as one new one. These bags are found in most countries, but can be expensive; they are often sold to hospitals for use in sterilizers. 



A simple wire frame allows lower-quality plastic bags to be used for cooking by keeping the plastic away from the hot cooking pot.
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Added by Tom Sponheim
In many parts of the world, heat resistant plastic bags are difficult to find in smaller villages and towns. However, this is not always the case. For example, our team found the bags for sale in the remote village of Kakuma, Kenya. If the bags cannot be found in the smaller towns, one should check in the larger cities. Organizations planning a solar cooking project may want to check with manufacturers of plastic bags in their countries to see whether the bags can be made to order, as one of our correspondents from Burkina Faso has done. 

Where plastic bags are most difficult to replace, one answer being tried is to make small frames that hold the plastic bag around the pot to insulate it, but keep the bag from actually touching the hot pot, so that the bag does not heat up as much and thus lasts longer. A frame designed by Mr. Gnibouwa Diassana of Mali, by twisting stiff electrical wire into shape keeps the plastic bag away from the hot pot when cooking in a CooKit solar cooker. 

Information about plastic bags from December 1998 
Solar Cooker Review

 HYPERLINK "http://solarcooking.wikia.com/index.php?title=Glazing&action=edit&section=12" \o "Edit Information about plastic bags from December 1998 Solar Cooker Review section" Edit

· Try HDPE bags: Many plastic grocery bags are slightly milky transparent and they rustle noisily when you handle them. These are made from HDPE (high density polyethylene) plastic. When used in a solar cookit these bags handle high temperatures well. SCI studies indicate that cooking is a little slower than with transparent high-temperature bags, but except on marginal days the difference may not be noticeable. Just put them upside down over the pot and tuck the open end under the pot. These are much cheaper than what we have recommended in the past (polypropylenes and polyesters). The latter are found in nearly all countries, but are more expensive and are mainly sold to hospitals for use in sterilizers. 

· Environmental harm or boon? There was recent concern in one of our field projects that plastic bags are harmful. On the contrary, plastic bags are beneficial when used in solar cooking: 

· Production of plastic bags consumes almost no energy, because the chemical changes from oil to these plastics are minor molecular changes. 

· The amount of fossil fuel (oil) needed to produce a plastic bag is a tiny fraction of that consumed when someone instead cooks a meal with paraffin (kerosene). 

· Not all plastics give off harmful fumes when heated or burned, only those containing chlorides, fluorides or iodide additives - such as PVC pipes, and styrenes (Styrofoam) where there is insufficient oxygen. Others, including all plastic bags used in solar cooking (polyethylenes, polypropylenes and polyesters) are all simple hydrocarbons which, when heated or burned, give off only carbon dioxide and water, no other fumes. 

· After bags are worn out they can be safely burned as fuel - just like paraffin or wood, but they can also first be recycled into useful items such as durable ropes and mats and then later burned to release the last bit of stored energy. Thus from production, through use and disposal, environmental harm is a non-issue. Even in places where the plastic bags need replacing every week, they may still be the least environmentally harmful cooking option for many women in semiarid regions. 

· Wietske Jongbloed believes her bags last longer when she just hangs it to dry without wiping. They need not even be turned inside out, which adds to wear and tear. Does the pot stand go inside or outside of the plastic bag? It doesn't seem to matter much. 

· Lizzie Pomeroy's Polyester Tent from Sunseed, Spain, replaces plastic bags. Lizzie started with a polyester cuff a little taller than the pot. She folded over the top 1 cm (slit at 3 cm intervals to allow the sides to curve) and fixed a lid to it, either flat or slightly conical, of the same material. This can be glued with contact adhesive, or silicone sealant...Staples, wire or thread could also be used for strength. The whole cover can be lifted off to allow stirring, and if the air space at the bottom is well sealed, it works well. Another Sunseed volunteer noted that a locally available detergent comes in a large, translucent plastic tub which also does the job if inverted over the pot. 

Buying heat-resistant plastic bags in quantity
Edit

· Terinex Limited manufactures clear heat-resistant oven bags that can be used for solar cooking applications, particularly as a heat trap surrounding the cooking pot in panel-type solar cookers. The bags are made from a unique polyester-based film (TSP02™) that is resistant to oils, fats and grease, and withstands temperatures above 392º F (200º C). Contact: Richard Hawke, Group Quality and Technical Services Manager, Terinex Limited. Tel: +44 (0)1234 364411, Richard.Hawke@terinex.co.uk 

· Sharon Cousins writes: Buying Reynolds Oven Cooking Bags at 1.75 per bag is absurd. Youcan get similar bags from restaurant supply MUCH cheaper. The smallest amount they'll sell is one hundred, but $36.99 (plus a few more dollars in shipping... let's guess and call it $45. total) for one hundred is like buying 25 of the other bags and getting 75 more free! (If you get to where you can buy five boxes of one hundred at a time, the price goes down to $34.99 per box, a further reduction.) The bags are 18x24 instead of the 19x23.5 for the Reynold's bags. You can buy the bags from here. You can also buy bags that measure 24x30 inch. The latter work out to 68 cents with shipping to Idaho, still way cheaper than the smaller Reynold's bag and almost twice as big. 

· The source for the bags that Solar Cookers International supplies with the CooKits is here: http://www.associatedbag.com/product.asp?cn=ABC&c1=BGK&p1=BGK%5F1525&c2=BA29&pid=69%2D16 

· Here's a link for bulk Reynolds bags: http://www.foodservicedirect.com/index.cfm/S/38/CLID/2076/N/86919/Oven_Bags.htm 

Other bag links: 

· http://www.extrapackaging.com/oven/ 

· http://www.mqplastics.com/food.html 

· http://www.mqpackaging.com/cookingbags.htm 

· http://www.cmsflavorseal.com/products/flavorseal_cooking_bags.asp 

· http://www.terinex.co.uk/food_processing/oven_roasting_bags.html 

Plastic sheets may offer alternative to bags as “greenhouse” for pots
Edit



The polypropylene (PP) bags that are distributed with CooKits in the United States are typically reusable 10-20 times before they become brittle. More durable alternatives have been tested over the years, including polyester sheets with ultraviolet (UV) inhibitors, formed into bags using tape. 

Recent studies by Dr. Dale Andreatta, a mechanical engineer, and Stephen Yen, a graduate student in electrical engineering, indicate that perfluoroalkoxy fluorocarbon (PFA) may also be a good alternative. Though expensive, PFA can withstand temperatures over 250°C and is UV stabilized. 



Andreatta obtained a 60 centimeter by 60 centimeter sheet of the transparent material and tested it for transmissivity and longevity. On a clear day, the PFA sheet was nearly as transmissive as the PP bag (0.95 vs. 0.97) when perpendicular to the sun, and equally as transmissive (0.87) at a 45 degree angle. Over a testing period of several months, PP bags degraded with exposure to sunlight alone, and faster when exposed to sunlight and heat. PFA held up well across both types of exposures and appears to be much more durable than PP in typical solar cooking environments. 


Dr Ashok Kundapur has suggested another way to make a housing out of flat plastic sheeting. A bottom cylinder is supported by wire frame while a transparent cover, made of the same plastic material, makes access to the food very easy. This arrangement can also be used for retained-heat cooking.
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Added by Ashokraok
Andreatta performed side-by-side solar cooker tests of the plastics, in which two identical black pots were filled with equal amounts of water. One pot was placed in the standard PP bag and cinched at the open end. The other pot was wrapped with the PFA sheet as follows: the sheet was centered on the top of the pot and wrapped beneath the pot in such a way that the weight of the pot held the bottom of the sheet closed, preventing most air leaks. (Any air leaks would be under or near the bottom of the pot where little warm air escapes.) Both pots were then placed in CooKits and exposed to sunlight. Temperatures were measured throughout the day using thermocouples located approximately in the center of each pot. The cookers were re-oriented twice during the measurement period. As the graph shows, the water in the PFA-wrapped pot rose to a higher temperature faster, and held that temperature longer. 

Since transmissivity of the two plastics is essentially the same, Andreatta believes that the performance difference is mostly due to volume air that surrounds the pot when placed in a bag versus wrapped with a sheet. A thin layer of air between the plastic and the pot is ideal because it insulates the pot from heat loss to ambient air. However, if the layer is too thick, air begins to circulate around the pot and convective heat loss increases. Also, heat losses to ambient air increase as the surface area of the plastic increases. Therefore, Andreatta theorizes that the PFA sheet performed better because the air layer created when the plastic sheet is wrapped around a pot (1.5 to 2.5 centimeters) is smaller than when a bag is used, as is the overall surface area of exposed plastic. 

A theoretical study of heat loss confirms this. Using reasonable assumptions regarding pot temperature, and ignoring possible effects of evaporative heat transfer, Andreatta found that heat loss ranged from about 84 watts for a 1.0 centimeter air space to 115 Watts for a 10.0 centimeter air space. The bulk of the heat loss was by radiation. 

Andreatta concludes that plastic sheets, wrapped carefully around pots, can be used as an alternative to plastic bags and may marginally increase performance. He also suggests that less expensive, UV-stabilized plastics may outlast PP bags even if they are not quite as heat resistant as PFA, though further tests should be conducted under actual cooking conditions. 

See also: The complete report on this innovation 

Are plastic bags harmful to the environment?
Edit

Production of plastic bags consumes almost no energy, because the chemical changes from oil to these plastics are minor molecular changes. 

The amount of fossil fuel (oil) needed to produce a plastic bag is a tiny fraction of that consumed when someone instead cooks a meal with paraffin (kerosene). 

Not all plastics give off harmful fumes when heated or burned, only those containing chlorides, fluorides or iodide additives, such as PVC pipes and styrenes (styrofoam) where there is insufficient oxygen. Others, including all plastic bags used in solar cooking (polyethylenes, polypropylenes and polyesters), are all simple hydrocarbons which, when heated or burned, give off only minute quantities of carbon dioxide and water (steam), but no toxic fumes. After bags are worn out, they can be safely burned as fuel--just like paraffin or wood. They can also first be re-used. For example, in the solar cooking field projects sponsored by Solar Cookers International in East African refugee camps, refugees have used traditional weaving skills to make baskets, pot hangers, mats, ropes and other useful items from worn out solar cooking bags. 

Polypropylene microwave container alternative
Edit


Polypropylene cooking container
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Added by Paul Hedrick

Polypropylene cooking container
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Added by Paul Hedrick
Another option, offered by Steve Harrigan, is to use a container made from the same polypropylene material as cooking bags. These containers are typically available at grocery stores for microwave cooking, and are able to withstand temperatures high enough for solar panel cookers. Look for the recycle number 5 on the bottom of the container. While costing more than individual bags, they offer greater convenience when checking food while it is cooking, and potentially save money if bags are replaced frequently. 

· Polypropylene container alternative to plastic bags for solar cooking. 

Polycarbonate plastic bag alternative
Edit


Polycarbonate plastic cooking cover
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Added by Paul Hedrick
This food-safe polycarbonate container can replace plastic cooking bags and increase heating temperatures, despite wind or cold air. Dry heat temps inside with no food or water will reach over 350° F in summer. More information 


Teong Tan suggests folding down the extra bag to form a partial double glazinag over the pot. We need research to know whether this really is an advantage.
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Added by Tom Sponheim
Research needed
Edit

How much does an enclosure improve the cooking capacity of a panel cooker?
Edit

Using a solar cooker with a 'naked' pot is like operating an oven with the door open; the food will get warm, but having the pot surrounded by a blanket of hot air it is a lot more efficient. A pan can exchange heat in three ways: by radiation, by convection and by conduction. Inside a 'greenhouse' or oven, the air helps to transfer heat to the pan. All three effects work in parallel to transfer heat to the pan. Operating without an enclosure means the pan must be heated by radiation alone while convection and conduction are removing heat. 


Teong Tan found that a black pot with a clear lid without a plastic bag heated faster than a normal dark pot with a dark lid inside a plastic bag. See Greenhouse enclosure comparisons.
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Added by Tom Sponheim
· In a side-by-side water heating test, Arthur Stamey-Mills found that a pot enclosed in a plastic bag heated the water to a temperature 30% higher than did a pot without a plastic bag. 

How much does double glazing improve cooking?
Edit

This depends on the transparency of the glazing and the insulation properties. In general, double glazing is better than single glazing, but it is also more complex and more expensive than single glazing. Cooking with single glazing is a huge improvement compared to cooking with no glazing; Although double glazing will be even better, the real question is whether the improvement warrants the extra expense and complexity. 

Double glazing will shine in situations where insulation properties are important, such as in cold, windy or cloudy conditions. Cheap alternatives to double glazing can be: 

· Use a bigger reflector to increase the amount of sunlight; 

· decrease the size of the enclosure. This decreases the outer surface area (which is exposed to cool air) and thus the amount of heat loss. For example: If you have replace a glass dome of 36cm diameter by a 30cm one, the outside surface area decreases by 30%. The outside surface of a 50x50x30cm box cooker decreases by almost 10% if you make it 25cm tall instead of 30. 

External links
Edit

· Solar cooking results with various glazing covers.-Pat McArdle, June, 2010 

· Nielsen Enterprises reflective film 

· Investigation of Polycarbonate as a Suitable "Greenhouse" Material for the Solar Cooker - John Harrison 

· An Analysis of Greenhouse Cookpot Design Considerations For Low-Cost Solar Cookers - Philip Fairey (Florida Solar Energy Center) 

How can plastic bags be made to last longer? Should they be held away from the hot pot using some sort of frame?
Edit

	

	Wietske Jongbloed created a simple frame to allow the use of normal plastic bags (instead of heat-resistant oven cooking bags). 

	

	Jose Albano created this frame to protect normal plastic bags (photo shows frame with bag removed). 

	

	Mr. Diasanna of Nigeria had also suggested using a simple wire frame to allow the use of normal plastic bags. Dr Ashok Kundapur has slightly refined the arrangement as shown in the diagram. Here plastic sheeting is supported by wire frame while a transparent cover, made of the same plastic material, makes access to the food very easy. This arrangement can also be used for retained-heat cooking. 


