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ECHO APPROPRIATE TECHNOLOGY NOTE

INTRODUCTION

Biogas digesters yield two useful products from animal manure: methane gas (CH,) and a liquid fertilizer. The fertilizer can be
applied directly to the garden and CH, can be used as a source of energy. The three most common and most successful designs
for Biogas digesters are the fixed dome, the plastic covered ditch and the floating drum.  The technology is simple and easy to
reproduce. The unit requires about one gallon of slurry per day in order to maintain a charge, and yields about one hour of burn
time per day. This is enough to cook rice for four people. More floating drums can be added to generate more gas. The other
units mentioned above are more substantial and produce a higher yield of CH, and liquid fertilizer, but they are also more
expensive and complicated to set up. Below are instructions for our floating drum system.

MATERIALS NEEDED FOR THE FLOATING DRUM DIGESTER:

2 50-gallon drums (one with a tight fitting lid)

1 smaller drum (we use a 40 gallon plastic garbage can)
4’ piece of PVC pipe 5” diameter

2 pieces of plastic tubing 8” long and 1” diameter
1 valve to moderate flow of methane
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SET-UP

Cut a hole in the lid of one of the 50-gallan drums, near the outer edge. The
hole should be the same diameter as the PVC pipe. Now cut away a two foot
section of half the PVC pipe as shown in the illustration at the right (PVC
can be cut with a saw). Slide the pipe into the hole and all the way down
until it rests on the bottom of the drum. Seal the fitting between the pipe and
the lid with waterproof epoxy sealant or any other tight sealing method.
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Now cut a smaller hole (sized to fit the tubing) near the opposite edge of the
lid and attach one of the pieces of 1” diameter tubing with waterproof epoxy.
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Run the tubing into the bottom of the 40 gallon drum, and slide it into the drum so that it runs the depth of the drum.
Be certain to seal all fittings with epoxy or with an equivalent sealing method.
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Cut a second hole in the bottom of the 40-gallon drum, sized to fit the valve from the tubing. Attach the valve to the
hole. Fill the second 50-gallon drum (without a lid) with water. Invert the 40-gallon drum, open the valve, slide the
drum into the 50-gallon drum with water, and then close the valve. Now your digester is set up and ready to be
filled with a manure slurry.
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Manure from any type of animal can be used. Cow and pig manure tend to be among the best for a Biogas digester
because they tend to be less fibrous than other kinds. Harvest the manure into a bucket and add water. Mix the
water and the manure until it forms a slurry of a thin enough consistency to be poured into the digester (about 50%
water, 50% manure). It is best to start your digester with an initial charge of 50 gallons (or whatever the capacity of
your container is). Subsequently you can add manure as needed. Ours usually takes about a gallon a day. You will
need to add about 2% of your digester’s volume daily.

Fill the digester by pouring the slurry into the PVC pipe. BE SURE that the lovel of slurry is always maintained at a
level higher than the cut-away part of the pipe. If the level drops below this point, gas will escape out of the top of
the pipe. Before adding new slurry, an equal volume of slurry must be removed from the 4 inch charging tube.

This can be done using a bailer- - for example, you can use a tin can attached to a stick. The removed slurry can be
used immediately and at full strength as a garden fertilizer.

Once the digester is charged there will be a waiting period before the manure begins to cook and release CH, and
carbon dioxide (CO,). The digester does not need to be in direct sun but it should be in a place that heats up to at
least 80 degrees F during the day. Depending on ambient temperatures, you may need to wait seven to ten days for
gas production to begin. As the temperature rises the manure will start fermenting and releasing gas. The gas flows
through the plastic tube and is released into the inverted 40 gallon drum. It bubbles out into the water where the
CO, is dispersed and methane gas bubbles to the top. As the drum fills with methane, it will start to rise up in the
water. Once the drum has risen, you can begin using your methane as a fuel. At this point you can connect your
methane blow-off tube to a cookstove and start running your stove with naturally generated methane gas.
Alternatively, you can hook up the gas to a lantern for a methane powered light. You may increase the pressure of
the gas output by placing a brick on top of the inverted 40 gallon drum that holds the methane. You may add
additional inverted 40 gallon gas reservoirs as needed.

SOME DETAILS ABOUT THE DIGESTER

This is an inclined plane continuous flow digester. Organic material that is entered into the upper end of the
digester exits the lower end. When fed 2% of its volume per day, the process takes about 50 days for a volume to
pass through. During this process, about 50% of the carbon in the material is converted into methane and carbon
dioxide. This digester will convert about 1400 pounds of cow manure into about 1400 cubic feet of gas in 50 days,
or about 750 liters per day, when the temperature ranges between 65 to 90°F.

A carbon to nitrogen ratio of between 20/1 and 40/1 should be maintained. Carbon greater than 40/1 quickly digests
all of the nitrogen and the process slows or stops. Nitrogen greater than 20/1 consumes the carbons and the excess
escapes as ammonia.

Cow manure has an average C/N ratio of 25/1. When diluted 2 pounds with 1 quart of water, it becomes slurry with
about 20% solids. This is an ideal mix with which to charge the digester. When fed about 5 gallons of slurry per
day, this digester can be expected to produce about 27 cubic feet of gas per day. A family of 4 to 6 would need
about 35 cubic feet of gas in order to cook three meals. The digester described in this technical note has been sized
for demonstration in order to explain the technique.

Two cows or ten pigs should furnish enough manure to maintain operation of this digester. The most efficient use
of the biogas is for cooking. Cooking efficiency is about 33% compared to about 3% efficiency for lighting. The
effluent is an anaerobically digested compost. It is odorless. It should be mixed 2/1 or 3/1 with water and used as a
fertilizer. It dries readily and can be pulverized and stored for later use as a dry fertilizer.

Any organic material can be anaerobically digested. Cow manure is an ideal substrate because of its average C/N
ratio. Manure from monogastrics tends to have greater undegraded fiber content, which digests at a much slower
rate and digests much less completely. Leaves and other crop substrates may digest tolerably well, but my
experience is that a greater quantity of CO, is produced in proportion to methane.
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I never use pretreatment when initially starting a digester nor when subsequently charging it. However, when
starting a new digester, digestion may be greatly speeded if you make about five gallons of slurry and let it begin
fermenting aerobically before adding it to your newly charged digester.

If, after your digester has been producing for a while, it slows production, valve off some effluent and reenter it at
the charging entrance. This will tend to buffer the slurry inside the digester and production should soon resume. If
proper C/N ratios are maintained with proper slurry viscosities, this continuous flow digester should operate
indefinitely providing that it is regularly charged.

| use a scrubber (see Figure 2 in the Technical Note); however, the affinity that CO? has for water increases that
caloric value of the biogas for ordinary uses without the need for lime neutralization. A natural gas burner orifice
works well for cooking, but you should experiment with different orifices and air mixtures. This Technical Note
focuses on bladder gas storage. Other storage possibilities are the fixed dome type or the flotation tank type. |
prefer the flotation tank. Any writings on biogas digesters and storage of the gas will dwell on the different merits
of the respective systems.
Good Luck!

OTHER RESOURCES
There are many books available on this topic. Here are three which we have found helpful:
Bio-Gas Plant by Ram Bux Singh, published by Mother’s Print Shop 1975.
Methane: Planning a digester by Petter-John Meynell, published by Shocken Books 1978

Improved Biogas Unit for Developing Countries by Ludwig Sasse, Christopher Kellner, and Ainea Kimaro.
Published by GATE (German Appropriate Technology Exchange).



