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Introduction 
 
What happens to organic waste like manure or leaves from plants when you dig it into the 
ground? When bacteria grow on the organic material, especially without air (anaerobically), 
they digest it and these bacteria will produce carbon dioxide (CO2) and methane gas (CH4) as 
waste products.  
Methane is the main component of natural gas, and is relatively clean burning, colorless, and 
odorless. When organic materials decompose, the methane is normally given off into the 
atmosphere. For this reason methane is one of the main components that may contribute to 
global warming.  
 

 
Figure 1: Methane emission by source 

 
But what if we could capture this gas and burn it for cooking and heating? Actually, this is 
already being done in many parts of the world. Even small farms and households can utilize 
biogas generators to provide heat. In China there are an estimated seven million biogas 
generators being used to convert plant and animal waste into fuel for cooking and heating. 
India has about seven hundred fifty thousand generators in operation.  
In the United States, about fifty large landfills have perforated pipes or other methods of 
collecting the methane generated by the decomposition of garbage.  
 

What Is Biogas? 
Biogas is actually a mixture of gases, usually carbon dioxide and methane. It is produced by a 
few kinds of microorganisms, usually when air or oxygen is absent. (The absence of oxygen is 
called “anaerobic conditions.”) Animals that eat a lot of plant material, particularly grazing 
animals such as cattle, produce large amounts of biogas. The biogas is produced not by the 
cow or elephant, but by billions of microorganisms living in its digestive system. Biogas also 
develops in bogs and at the bottom of lakes, where decaying organic matter builds up under 
wet and anaerobic conditions. 
 

Biogas is a Form of Renewable Energy 
Flammable biogas can be collected using a simple tank, as shown here. Animal manure is 
stored in a closed tank where the gas accumulates. It makes an excellent fuel for cook stoves 
and furnaces, and can be used in place of regular natural gas, which is a fossil fuel. Biogas is 
considered to be a source of renewable energy.  
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Biogas is a form of renewable energy, because it is produced with the help of growing plants. 

 
This is because the production of biogas depends on the supply of grass, which usually grows 
back each year. By comparison, the natural gas used in most of our homes is not considered 
a form of renewable energy. Natural gas formed from the fossilized remains of plants and 
animals-a process that took millions of years. These resources do not “grow back” in a time 
scale that is meaningful for humans. 
 

 
 

Farms that produce a lot of manure, such as pig farmers or cattle, can use their manure in 
big biogas generators, so-called digester, to produce methane. In many cases only feeding 
the digester with only manure the amount of biogas that is produced is far from optimal. To 
increase yield and/or the quality of the biogas (content of methane) other feedstocks are 
added to the manure. In most cases biogas is burned for combined heat and power 
production.  
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Schematic overview of an anaerobic digester 
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The power is produced as electricity and used for own consumption or delivered to the 
network. If the biogas can be ‘cleaned’ it can be upgraded to natural gas. This natural gas is 
also delivered to the network. The residue that’s left over when the feedstock has digested 
and decomposed, so called digestate,  is mostly used as a fertilizer. 
Some people might have problems with using organic waste for biogas production. Some 
feel that organic plant waste should be used for compost, and that manure should be used 
as a fertilizer. They point out that a lot of natural gas and other energy is used in the 
production of fertilizers and that using the manure and compost would reduce this use of 
natural gas. Or even worse, growing plants like corn for feeding a digester! Many people 
claim that farmland should only be used for the production of food for human beings and 
animals and not for the production of energy. 
 
 
Click on this link for an Youtube-animation of an Biogas Plant:  
https://www.youtube.com/watch?v=5RswjCWaR6I 
 

 
 

  

https://www.youtube.com/watch?v=5RswjCWaR6I
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Experiment Biogas: 
By performing this experiment you will be introduced into the basics of anaerobic digestion. 

You will experience how to make biogas by digestion of manure. To build this mini-digester 

most of the parts that are needed are normally easily found at home. 

After setting up the equipment it will take some time before the first amount of gas will 
appear in the flexible plastic container. This is depending on different parameters: 
 

 What is dry matter content of the manure? 

 The amount of manure present in the bottle 

 What’s the temperature of the medium? 

 . . . . .  
 

For a good start of the experiment think about your own body. After eating your food it 

normally takes one day before it is digested by your body. This process of digestion is taking 

place at 37°C, the temperature of your body. So for optimal results it is suggested to perform 

this experiment at relatively warm temperatures, 30-35°C. 

An ambient temperature will definitely slow down the process! 

If you can manage to perform this experiment at 30-35°C, normally you will notice the first 

amount of biogas collected in a bag after one or two days.  
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What materials are needed? 
 

 Two empty plastic drink bottles (2 liter or larger)  
 

    
 

 Some manure (such as pig, goat, sheep or rabbit work well) 
 

 
 

 Water  
 

 A wine cask inner bag (or a Tedlar bag) 
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 Three stoppers (two two-hole stoppers and one one-hole stopper) (sizes should fit 
the bottles and the bag)  
 
 

 
 

 Plastic tubing  
 

 A weak solution of calcium hydroxide (limewater). It is suggested to use boiled water 
that, cooled down to ambient temperature to remove the dissolved CO2! 

 

 Spring type clothespin or similar clamping device 
 

  

Limewater is the common name for a diluted solution of calcium hydroxide. 
Calcium hydroxide, Ca(OH)2, is sparsely soluble in water (1.5 g/L at 25 °C). 
Pure limewater is clear and colorless, with a slight earthy smell and an 
alkaline bitter taste of calcium hydroxide. The term lime refers to the alkaline 
mineral, and is unrelated to the acidic fruit. 

Limewater is prepared by stirring calcium hydroxide in pure water, and 
filtering off the excess undissolved Ca(OH)2. When excess calcium hydroxide 
is added to limewater, a suspension of calcium hydroxide particles results, 
giving it a milky aspect, in which case it has the common name of milk of 
lime. Milk of lime or a saturated solution of lime (limewater) has a pH of 
12.3. It is basic in nature. 

Source: Wikipedia 
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Experiment, step by step 
 

Step 1:  Assemble the bottles, stoppers, tubing, bag, and clamp as shown in the 
drawing. 

 
Step 2:  Put the manure and water into one of the bottles stopper the bottle. The 

manure needs to be kept in a warm place to help in the digestive process. 
 
Step 3:  Now place the tubing into the two-hole stopper. 
 
Step 4:  Place a second piece of tubing into the same stopper. 
 
Step 5:  Place the stopper into the bag (tape may be needed to help hold the 

stopper) 
 
Step 6:  Place the tube from the bag into the second stopper (this tube needs to 

extend far enough so the end of the tube will be in the calcium hydroxide 
solution.  

 
Step 7:  When a sufficient amount of biogas is collected in the ‘winebag’, it is 

time to test the quality of the biogas. This can be easily seen because the 
winebag is filled with gas like a balloon. So when, for instance, the 
winebag contains a few liters of gas you are ready for the next step: 

 

Now remove the clothes pin or clap, as bubbles raise through the 
solution you will soon be able to ignite the gas. Do not ignite the gas 
without the help of your teacher. 

 
 

See for a schematic overview the picture on the next page! 
 
Note regarding Step 6: In the early stages of the reaction much of the gas released is 
carbon dioxide (CO2). Because of the calcium hydroxide solution and the carbon dioxide the 
following reactions are expected to take place: 

 

CO2 (g) + H2O (l)  H2CO3 (aq) 

H2CO3 (aq) + Ca2+ + 2 OH- (aq)  CaCO3 (s) +  2 H2O (l) 

 
This means that the sodium hydroxide solution will act like a kind of filter. The composition 
of biogas is (approximately) as shown on the next page: 
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Schematic overview of the testing equipment 

 
 

 
Composition of biogas 

 
The biogas will pass through the solution and will remove (some of) the carbon dioxide. This 
means that the percentage of methane in the gas that is flushed out of the bottle will increase. 
 
  

Solution of 
Calcium hydroxide 
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Note regarding Step 7:   What happens to the quality of the biogas if a 
brushstone is connected to the end of the tubing in the calcium hydroxide solution?  
Because of the smaller bubbles it is expected that more CO2 will dissolve in the water and 
immediately will react with the hydroxide-ions. So the concentration of methane in the 
gasflow that is blown out of the bottle is expected to increase. 
 

Questions: 
 

1. The first gas that is flushing out of this mini-digerster is not flammable. This gas is 
carbon dioxide (CO2) 
a. What might be the reason why mainly carbon dioxide is produced during this 

stage?  
 

b. After some time the percentage of Methane (CH4) in the biogas will increase. Why 
do you observe this change in composition of the biogas?  

 

2. What could methane biogas be used for?  

 
3. Methane is a renewable resource, what does this mean?  

 
4. What are the advantages of biogas as a fuel source?  

 
5. Name some of the disadvantages of biogas as a fuel source? 

 
 

 

Sources:  
https://barryonenergy.wordpress.com/2012/01/25/what-is-municipal-solid-waste-msw/ 
http://www.nrel.gov/education/pdfs/educational_resources/high_school/biogas_generator_hs.pdf 
http://www.integratedenergyindustries.com/biogas-process.html 
http://www.haddenham.net/newsroom/allotment-news.html 
http://canningtonbioenergy.co.uk/index.php?id=9 

 

https://barryonenergy.wordpress.com/2012/01/25/what-is-municipal-solid-waste-msw/
http://www.nrel.gov/education/pdfs/educational_resources/high_school/biogas_generator_hs.pdf
http://www.integratedenergyindustries.com/biogas-process.html
http://www.haddenham.net/newsroom/allotment-news.html
http://canningtonbioenergy.co.uk/index.php?id=9

