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Bioreactor Landfill

• A sanitary landfill operated to transform
and stabilize the readily and moderately
decomposable organic constituents of the
waste stream by purposeful controls to
enhance microbiological processes
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Simple Anaerobic Decomposition

            bacteria
Organic Mater    +   H2O        Biodegraded  + CH4  + CO2 + Other
 (Solid Waste)                              Temp. organic           gases

            matter
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Refuse Composition
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Refuse Decomposition

(C6H10O5)n + H2O 3n CO2 + 3n CH4→

(C5H8O4 )n + H2O 2.5n CO2 + 2.5n CH4→

Cellulose:

Hemicellulose:
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Refuse Composition

Other
21.7%

Lignin
15.2%

Cellulose
51.2%

Hemicellulose
11.9%
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Microbiological Processes
I.  Polymer Hydrolysis

→ soluble sugars, amino acidspolymers
cellulose

hemicellulose 
proteins

For example,
(C6H10O5)n + H2O   →   C6H12O6 + (C6H10O5)n-1



6

11

Microbiological Processes

II.  Fermentation

→ volatile fatty acidssugars

(C6H12O6) + 2H2O → CH3CH2CH2COO-+ 2 H2

+ 2HCO3
- + 3H+
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Microbiological Processes
III.  Acetate Production

CH3CH2CH2COO- + 2 H2O → 2CH3C00- + H+ + 2H2

butyrate acetate
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Microbiological Processes
 Methane Production

CH3COO- + H2O   →   CH4 + HCO3
-

4H2 + HCO3
- + H+   →   CH4 + 3H2O

Alcohols
Butyric Acid
Propionic Acid

Biological Polymers

Soluble Monomers

Cellulose
Hemicellulose Hydrolytics

CH4

H2,CO2 Acetic Acid

CO2

Fermentative

Sugars
Amino AcidsCO2

H20
heat

O2

Anaerobic
Biodegradation

Methanogens
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• Paper, yard waste and food waste are comprised
of cellulose and hemicellulose

• These compounds are converted to CH4 and
CO2 by bacteria under anaerobic conditions

• Several groups of bacteria are involved
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Refuse Decomposition
I.  Aerobic Phase

– O2 depletion
– temperature increase
– high CO2 production
– minimal solids loss
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Refuse Decomposition

II.  Anaerobic Acid Phase
– no oxygen infiltration
– acids accumulate          acidic pH
– little CO2, no CH4 production
– possibly some H2

– minimal solids loss
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Refuse Decomposition

III.  Accelerated Methane Phase
– gas composition ~ 50%/50% CH4/CO2

– steep increase in methane production
– decreasing leachate BOD, COD
– pH ~ 7
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Refuse Decomposition

IV.  Decelerated Methane Phase
– gas composition ~ 50%/50% CH4/CO2

– asymptotic decrease in methane production
– low leachate BOD, COD
– pH > 7
– significant solids decomposition
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Refuse Decomposition

V.  Complete Stabilization (Theoretical)
– degradable solids completely consumed
– O2 infiltrates the landfill and is not consumed
– may only occur over geologic time
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Trends in Methane, COD, and
pH

 CH4 Production Rate

 pH

 COD
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Ref.  Mulamoottil, G., McBean, E., and 
Rovers, F.  Constructed Wetlands for 
the Treatment of Landfill Leachate, Lewis Press, 1999
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Expectations

• With bioreactor processes
– improve environmental and economic operation

of landfills
– accelerate and enhance methane generation
– enhance economics of gas recovery projects


