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Chapter 13. 

Anaerobic Treatment 

by Methanogenesis
All the figures and tables in this material are from the reference below unless specified otherwise. 

Reference: Bruce E. Rittmann and Perry L. McCarty, "Environmental Biotechnology: Principles 

and Applications", McGraw-Hill, 2001. 



Intro: Anaerobic Digestion

√ Anaerobic digestion

Source: BEEMS Module B7 - Anaerobic Digestion

• Anaerobic digestion 

refers to the process in 

which microorganisms

break down

biodegradable

substrates under 

anaerobic conditions, 

producing biogas



Intro: Methanogenesis

√ Methanogenesis

• Methanogenesis refers to an anaerobic process in which the electron equivalents in 

organic matter (BODL) are used to reduce carbon to CH4.

• CH4 has 8 electron equivalents (64 g BODL or COD)

CH4 + 2O2 → CO2 + 2H2O

• Methanogenesis takes place by methanogens, the unique group of Archaea that produces 

methane

•  Electron donor : BODL or H2

Electron acceptor : BODL (fermentation) or CO2

• BODL can be used as both an e--donor and an e--acceptor (partially oxidized and reduced). 



• Acetate Fermenters ; CH3COOH → CH4 + CO2

Hydrogen Oxidizers: 4 H2 + CO2 → CH4 + 2H2O (e - acceptor; CO2)

• Methanogens are slow-growing microorganisms.

• All the e- originally present in the input BOD must be ultimately be funneled into acetate, 

H2, or formate.

Intro: Methanogenesis

√ Methanogens

Very low



From Ch. 1
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13.1 Uses for Methanogenic Treatment

√ Applications

• Digestion and stabilization of sludge 

and other residues

• Treatment of high strength industrial

wastewaters

- Food processing, pulp & paper, 

leachate, etc.

- Especially useful with more 

concentrated wastewaters 

with COD > 5,000 mg/L.

• Treatment of more dilute 

wastewaters (domestic sewage). 

- It is gaining  popularity particularly 

where the climate is warm for most 

of years.
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√ Process microbiology

13.3 Process Chemistry and Microbiology

Hydroysis

Acidogenesis

Acetogenesis



• It is important to know that methanogens at the last stage can only use a limited number of 

substrates for the formation of methane.

• Currently, it is known that methanogens use the following substrates: 

acetate, CO2 + H2 , formate, methanol, methylamines,CO

• Typical energy-yielding conversion reactions involving these compounds are as follows:

CH3COOH  CH4 + CO2

4H2 + CO2  CH4  + 2 H2O (e—acceptor, CO2)

4HCOOH  CH4 + 3CO2 + 2H2O

4CH3OH  3CH4 + CO2 + 2 H2O

4(CH3)3N + H2O  9 CH4 + 3 CO2 + 6 H2O + 4 NH3

• The two principal pathways involved in the formation of methane are from acetate and H2 + CO2.

√ Process chemistry

13.3 Process Chemistry and Microbiology



• While CO2 is not the true e- acceptor for methanogens (it’s a fermentation in reality), 

the exact pathway is not important for maintaining a mass balance.
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13.3 Process Chemistry and Microbiology

√ Stoichiometry

• Example: acetate to methane 

Energy reaction (Re = Ra – Rd)





13.3 Process Chemistry and Microbiology

• Example: acetate to methane 

Synthesis reaction (Rs = Rc – Rd) & Overall reaction ? (Homework)



1. Most of electron equivalents in the organic matter are conserved in CH4 (e- sink)

2. Organic matter is converted in many intermediate steps before CH4 is formed.

3. A certain portion of its electron equivalents, fs , is (net)synthesized into biomass.

4. N of the organic matter is converted to NH4, which is then the source of cell nitrogen.

5. Assume CO2 is the e- acceptor..

13.3 Process Chemistry and Microbiology

• General organic substrates



* fs0 values include the methanogens and all bacteria needed to convert the original organic 

matter to intermediates (e.g., acetate and H2).

13.3 Process Chemistry and Microbiology



√ Gas production

: total methane production rate (m3/d)

: COD or BODL removal rate(kg/d)

: biomass production rate (kg/d)

• The end products of anaerobic digestion are  methane gas (CH4 ) and CO2.

• The quantity of methane gas,

VCH 4  V CH 4 [S 1.42(rtbp)]

VCH 4

V CH 4: volume of methane produced per kg of COD or BODL 

oxidized (m3/kg)

S

rtbp

13.3 Process Chemistry and Microbiology

It can be calculated from the  stoichiometry of the overall reaction (previous slides)

& another way below



- Conversion of biomass weight to OD (BOD or COD) 

C5H7O2N

Biomass

113

+ 5O2 → 5CO2 + 2H2O + NH3

5*32

2units O / unit biomass oxidized

113

5*32
1.42

- Conversion of BODL (glucose) to methane gas

C6H12O6 6H2O

180

C6H12O6

180

+ 6O2 → 6CO2 +

6 x 32 = 192

→ 3CO2 + 3CH4

16 x 3 = 48
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T

T

0.35m3 CH4

103 g 1mol 22.4l 103l

kg BODL stabilized

V1, T1  273K , T2 : fermentation temp.V 

(at standard condition, 0C (273 K),1atm)

V CH 4  (0.25) ( ) ( ) ( ) ( )
kg 16g mol m3

- 180g of glucose (e.g., 192g as BODL ) produces 48g of CH4.
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VCH 4  (0.35m / kg) [{Q  (S  S) 1.42(rtbp)}(

o

VCH 4  V CH 4 [S 1.42(rtbp)]

(at standard condition (STP), 0C,1atm)
kg BODL stabilized

0.35m3 CH 4VCH 4 

VCH 4  (0.35m3 / kg) [Q  (S0  S)  fe]Or
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rtbp  Yn  Q (So  S)   

13.3 Process Chemistry and Microbiology

 0.706 fs  Q (So  S)   

1.42 rtbp  1.42*0.706 fs  Q (So  S)   =     fs  Q (So  S)

From Ch. 2

Q (So  S)  1.42 rtbp  (1  fs ) Q (So  S)   =     fe  Q (So  S)



√ pH and alkalinity requirements

• The pH values outside the desired pH (6.6~7.6) can be detrimental to the process,

particularly to methanogenesis.

• The biggest problem generally is to maintain the pH above 6.6.

• The main chemical species controlling pH in the anaerobic treatment are those 

related to carbonic acid system.

13.3 Process Chemistry and Microbiology

- At the normal pH of anaerobic treatment, carbonate (CO3
-) is not important.
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