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A Guide to Converting Agricultural Waste into Charcoal Briquettes

I.  Introduction

Haiti has a sustainability problem which is growing in urgency.  Wood is without a doubt the primary cooking fuel in Haiti – 90% of homes choose wood – but at the same time, Haiti is 97% deforested.  As a result, Haitian families will soon be forced to buy alternative fuel sources, most likely those imported from other countries.  For the poorest country in the Western hemisphere, imported fuels, with their inflated prices, are simply not a viable option.  

While the forests are straining under the demand for wood, a largely untapped fuel resource exists in the form of agricultural wastes.  While these wastes are not directly suitable for use as household cooking fuels, they can be transformed into a clean-burning charcoal fuel through the simple process described herein.  This manual includes a step-by-step guide to converting the fibrous remains of sugarcane processing, known as bagasse, into charcoal briquettes that are largely indistinguishable from wood charcoal.  Even though this guide concentrates on the conversion of bagassse, related research suggests that many other types of agricultural waste, such as peanut shells, coconut husks and saw dust, can be converted into charcoal briquettes by employing similar techniques.

Some of the benefits of using waste products, such as bagasse, as an alternative cooking fuel are described as follows:

· Unlike wood, charcoal is a smokeless fuel.  The smoke produced by wood fires in an indoor cooking environment can lead to multiple respiratory illnesses.

· Instead of burning agricultural wastes in the fields, using the wastes as a fuel source slows the advance of deforestation by eliminating the need to cut down trees for fuel wood. 

· Charcoal is viewed as an advanced fuel in because of its clean-burning nature and the fact that it can be stored for long periods of time without degradation.  Therefore, a micro- enterprise can be formed around the production of charcoal derived from agricultural waste.  Any entrepreneur, including sugarcane farmers, can create bagasse charcoal briquettes and sell them in a local marketplace for personal income.  In this way, more money stays within the community rather than being exported for foreign fuels.  By turning something that was previously unused into a means by which to produce income, the wealth of individual entrepreneurs and the country in general is increased.

There is a need for an alternative cooking fuel option in light of the rise in deforestation.  The subsequent sections in this guide will describe one possible de-centralized solution to the problem.

II. The Process:  How to Convert Sugarcane Waste into Charcoal Briquettes

A. Sugarcane Waste:  

After sugarcane is pressed to extract the sugar contained within the plant, a large amount of fibrous waste remains.  This waste is known as bagasse.  Typically, bagasse is either burned in the fields or, in more advanced sugar refineries, it is used to partially fuel the sugar extraction process.  When bagasse is burned in its raw state, heat and thick yellow smoke are produced.  This smoke makes raw bagasse an unsuitable indoor cooking fuel.  Before bagasse can be used for this application, it must undergo a process by which the raw fibrous waste is converted into charcoal briquettes.  

Important:  Before the conversion process can be started, all of the bagasse must be extremely dry.  Sun-dry in the open air until dry to the touch.

B.  Process Overview
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The process is truly as simple as it looks.  Almost.  Now to describe what those arrows and equal signs really mean…

C.  The Oil Drum Kiln

In order to complete the first step of the process – converting dry bagasse into charcoal fines (i.e., charcoal dust) – a kiln of some sort is required.  Charcoal is the carbon substance that remains when organic matter, such as wood or bagasse, is heated to a high temperature in a low-oxygen environment.  The kiln provides a means of creating this low-oxygen heated environment.

The oil drum kiln is one of the simplest kilns to construct and use
.  The following instructions are adapted from “Making Your Own Charcoal”[1].  Any specific times mentioned are approximations that were recorded during experimental bagasse carbonization sessions, and the times may need to be adjusted for each particular site and material used.  Additionally, the simple oil drum kiln described below may need to be modified if other materials such as peanut shells or sawdust are to be carbonized.
	

	Step 1:  Find a closed oil drum.  Either with a hacksaw or a chisel, completely remove one end of the drum.  The circular metal piece you have just cut off the oil drum will be the lid of the kiln.  Use a hammer to create a ledge on the cut end of the drum – at a later stage, the lid will have to sit on this ledge in order to create a (fairly) air-tight seal.  With either a drill press or a chisel, create five ~40 mm holes in the bottom of the drum, arranged in a circular pattern.




	Step 2:  Position the drum, open-end upwards, on three bricks.  This will allow air to flow through the holes in the bottom of the drum during the early stages of the burn.  

Step 3:  Fill the drum three-quarters full with dry bagasse.  Make sure that air can still flow through the holes in the bottom of the drum.  You can ensure this by piling the bagasse in the center of the drum in a cone, thereby placing less bagasse over the holes in the bottom of the kiln.


	



Note:  Because dry bagasse is so easily ignitable, no additional kindling is required.  The burning of a portion of the bagasse in the kiln will generate the high temperature required to turn the rest of the unburned bagasse into charcoal fines.


Step 4:  Ignite the bagasse through the holes in the bottom of the kiln.  The kiln may need to be temporarily tilted to accomplish the ignition.  Make sure that the oil drum is left open (i.e., without the lid) and propped on the three bricks or flat stones, while the bagasse ignites.  
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Figure 3.  Partially-sealed kiln
	Step 5:  After the bagasse is burning well (this should only take 10-15 minutes, and you should see a good amount of yellow smoke and flames), place the cover on the kiln so as to slow air flow.  The cover should not completely seal the kiln, but rather should be placed slightly ajar to allow restricted air flow.




Step 6:  Leave the kiln in the restricted air flow phase for approximately 45 - 60 minutes.  The metal body of the kiln should be extremely hot at this stage.  If not, then temporarily remove the lid from the kiln to allow the fire to heat up for a few additional minutes.  Then restrict air flow once again, once the required high temperature is reached.

Note:  A high temperature is necessary for carbonization, but because bagasse is both your fuel and the material that is being carbonized, a balance must be reached between the two objectives (i.e., creating heat and creating charcoal fines).  Hence, air flow must be carefully restricted at the optimum time (when the proper temperature is reached, ~270ºC [2]) so that the majority of bagasse remains unburned, ready to be converted into charcoal.

Step 7:  Seal the lid of the kiln.  Use sod or mud to completely seal any gaps between the lid of the kiln and kiln itself.  Remove the kiln from the bricks, and place on flat ground.  Leave in this phase for approximately 30 - 45 minutes.

Note:  Be careful not to get burned!  The oil drum will be extremely hot.
	[image: image3.emf]




	Step 8:  Pack soil/mud around the base of the kiln.  This will completely seal the kiln.  Leave in this stage for 2
4 hours.  In this stage, very little oxygen should be present in the kiln.  Do not unseal any part of the kiln, or the charcoal and any remaining bagasse will ignite.  



After 24 hours, the kiln can be opened.  If everything went well, the kiln will only contain charcoal fines.  If there are any traces of uncarbonized bagasse in the kiln, the process may have to be adjusted slightly.  Some suggestions are as follows:

· Problem: The kiln did not contain enough bagasse to create the necessary heat for carbonization to take place.
Solution:  In Step 3, add more bagasse.  
· Problem:  The kiln was sealed before a sufficiently high temperature could be reached.  

Solution:  See Step 5.  Allow the bagasse to burn in an open kiln for a longer period of time.  Also, when the lid is placed ajar on the kiln body, make sure the lid is arranged so as to allow for additional air flow.   

Note:  Also, there should be little to no trace of ash
 mixed with the charcoal dust.  

Assuming the process worked as planned:  Collect the charcoal fines and place in a separate container for temporary storage.  There is no need to crush the charcoal fines, since they will be sufficiently pulverized during briquette formation.

Note:  While it is assumed that the process of carbonizing bagasse described above will work for the large stalks of dry bagasse found in a farmer’s fields, at this stage in our research only a more finely chopped bagasse has been carbonized through the above process.  

D. The Binder:  Cassava Flour

Cassava flour, made from the tropical root crop cassava, historically served as a basic foodstuff for rural inhabitants of throughout the world.  The crop is quite robust, as it can be relatively easily grown in infertile soil, and additionally can withstand drought and other climatic changes [4].  When boiled with water, cassava flour can be made into a porridge-like food product known as konkonte
.  In its cooked state, cassava flour makes an excellent, combustible binder.  The cooked cassava flour, or konkonte, will be the ‘glue’ that holds together the charcoal fines described in Section C.  A recipe
 for creating the konkonte binder is described as follows:

1. In a bowl, combine 1 part cold water to 1 part cassava flour.  Mix.

2. In a pot, bring 4 parts water to a boil.

3. Once the water is boiling, gradually stir in the flour/water mixture made in Step 1.  The temperature of the stove-top heating the mixture should be kept roughly constant throughout the process.

4. Continually stir until the mixture is thick.  This will take approximately 5 minutes for a small amount of prepared cassava (for approximately 6 cups of prepared cassava).  For larger quantities, the cooking time may need to be adjusted.  The mixture will be slightly lumpy and rather viscous.

IMPORTANT:  Do not overcook the konkonte.  

Note:  Attempts are currently being made to prepare the konkonte binder by utilizing some of the heat produced from the oil drum kiln during carbonization.  The proposal simply involves bringing the water required for konkonte preparation to a boil by placing a pot of water on the hot lid of the oil drum kiln.  In effect, the kiln is then being used to produce charcoal fines and it is functioning as the “stove-top” necessary in konkonte preparation.

The konkonte must be used immediately after it is prepared to be a suitable charcoal binder.  Don’t let the konkonte get cold before it is combined with the charcoal fines, or it will gel and will no longer be usable as a binder.
Because konkonte must be used as a binder immediately upon its preparation, charcoal fines must be readily available to mix with the konkonte.  If you are using a kiln for both konkonte preparation and carbonization, the charcoal within that kiln will not be ready for 24 hours, by which time the konkonte will have cooled and will no longer be usable as a binder.  In other words, if you plan on using the heat of a kiln in the konkonte preparation process, you must have a pre-made batch of charcoal fines ready to combine with the konkonte you are preparing.  
After the konkonte has cooled sufficiently to be handled with bare hands, add some of the konkonte to a bucket of charcoal fines.  With either bare hands, a stirring stick, a shovel, or a more advanced mixing apparatus, mix the konkonte with the charcoal fines.  Be sure to crush the charcoal fines during the mixing process by squeezing the mixture through bare hands or by using a stirring stick to press the mixture against the sides of the bucket as you stir.  Continue adding more konkonte until the mixture has a thick consistency that feels moist, but does not easily flow.  A good indicator that you have added the correct amount of konkonte is that you can easily form some of the mix into a ball that holds its shape without falling apart.  If the mixture is very sticky and consequently difficult to hand-form into a ball, you have added too much konkonte. Record how much konkonte was required to achieve the desired consistency of the mixture so that the proportions can be used when more full-scale production commences
. 

E. Zero Money Down Approaches to Briquetting:  Hand-forming
The entrepreneur looking to get involved in the small-scale production of bagasse charcoal is likely to have little initial funding.  Therefore, the following system of briquetting is suggested as a possible approach for the entrepreneur looking to get started for little initial capital investment.  

Konkonte alone is enough to bind the charcoal fines of bagasse into strong briquettes.  Very little pressure is required to form these briquettes, and as such, no expensive press is necessary.  Instead, the charcoal-konkonte mixture may be formed into small  briquettes by hand.  Hand-formation is time-consuming, but if very little startup capital is available, such a straightforward means of briquetting is likely the best option.
When hand-forming is that the konkonte-charcoal mixture should still be warm when it is formed into briquettes.  Other than this consideration, the process is self-evident.  
After the briquettes are formed, they must be dried in the sun for approximately one week.  
G.  Photographs of Completed Briquettes
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Photo 1:  A photograph of one of the larger bagasse charcoal briquettes that was tested.  This briquette was hand-formed. 
H. Future work

At this point, only small batches of finely chopped bagasse have been used as the material to be carbonized.  Field tests that use larger quantities and different types of material need to be done in order to refine the procedure described above.  Although various briquette sizes were tested in simple water boil tests, not enough raw material was available at the test site (Cambridge, MA, USA) and, consequently, not enough experimental trials could be performed to determine a definitive link between briquette size and performance.  The effect of size and shape of the briquettes is possibly significant, and further testing for a related correlation should be investigated in the future.  Finally, there is considerable work to be done to develop more advanced methods for making the briquettes (e.g. molds, extrusion devices, etc.).  Some methods are currently being investigated and will be included in the next edition of this document.  Anyone building on the work presented in this paper is encouraged to share their results, comments and design innovations with the authors, Shawn Frayne and Amy Smith (e.mail: mmadinot@mit.edu, regular mail: MIT Room 4-406, 77 Mass Ave., Cambridge MA 02139)
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Figure 2.  Side view of oil drum -no lid, before ignition.
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Figure 1. Bottom view of oil drum
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Figure 4. Completely sealed kiln.








� If you are interested in alternate but simple methods of charcoal production, please see source 2 in the References and Resources at the end of this manual.


� Ash is the grey-white material that remains after organic matter has fully combusted.  No additional heat can be drawn from ash, and ash cannot be converted into charcoal.


� “Konkonte” is the Ghanaian name for the cassava porridge described in this manual.


� The process described herein was first developed by Amy Smith of the Massachusetts Institute of Technology in cooperation with Andrew Levin, Arthur Musah, and Rachana Oza, , and then refined by Tilke Judd, Jamy Drouillard, Shawn Frayne, and Anna Bautista, .who both were on the original team that developed the processed described in this manual.





� A universal proportion of charcoal fines to cassava is difficult to suggest, as the moisture content of the charcoal fines may vary according to slight variations in the carbonizing process and the raw bagasse.  It is therefore suggested that several on- site trials be used to determine the particular proportions necessary for the particular site of production.
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