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Energy Reactions 

 Microorganisms obtain their energy from 

oxidation – reduction reactions 

 Oxidation-reduction reactions always involve an 

electron donor and an electron acceptor  

 Depending on the electron acceptor, the energy 

gained from 1 mole of electron donor may vary 

greatly 
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Energy Reactions 
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Free Energy (kJ/mol 

glucose) 

Aerobic Oxidation 

 

 

 

-2880 

Denitrification 

 

 

 

-2720 

Sulfate Reduction 

 

 

 

-492 

Methanogenesis 

 

 

 

-428 

Ethanol Fermentation 

 

 

 

-244 

𝐶6𝐻12𝑂6 + 6𝑂2 → 6𝐶𝑂2 + 6𝐻2𝑂 

5𝐶6𝐻12𝑂6 + 24𝑁𝑂3
− + 24𝐻+ → 30𝐶𝑂2 + 42𝐻2𝑂 + 12𝑁2 

2𝐶6𝐻12𝑂6 + 6𝑆𝑂4
2− + 9𝐻+ → 12𝐶𝑂2 + 12𝐻2𝑂 + 3𝐻2𝑆 + 3𝐻𝑆− 

𝐶6𝐻12𝑂6 → 3𝐶𝑂2 + 3𝐶𝐻4 

𝐶6𝐻12𝑂6 → 2𝐶𝑂2 + 2𝐶𝐻3𝐶𝐻2𝑂𝐻 



 

 

 

 

 
Energy Reactions 

 Microorganisms would like to obtain as much 

energy from a reaction as possible; therefore, they 

would prefer to use oxygen as an electron 

acceptor 

 However, some microorganisms cannot use 

oxygen as an electron acceptor. 
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Energy Reactions 
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Ref:Rittmann, B. E., McCarty P. Environmental Biotechnology: 

Principles and Applications. McGraw Hill. 2001.  



 

 

 

 

 
Energy Reactions 

 

Re=Ra-Rd 

Rs=Rc-Rd 

 

 Rd: Electron donor half reaction 

 Ra: Electron acceptor half reaction 

 Rc: Cell half reaction 

 Re: Energy reaction  

 Rs: Synthesis reaction 

6 



 

 

 

 

 
Energy Reactions 
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Energy Reactions 
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Fermentation Reactions 

 In fermentation, an organic compound serves as 

electron donor and electron acceptor 

 Ethanol fermentation from glucose 

 1 mole of glucose  2 mols ethanol + 2 mols 

CO2 

 All the electrons starting in glucose must end up 

in ethanol 

 Donor: Glucose – Half Reaction 

 Acceptor: Ethanol – Half Reaction 
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Fermentation Reactions 

 Ethanol fermentation from glucose (biomass 

synthesis is not included) 
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𝑅𝑎: 
1

6
𝐶𝑂2 + 𝐻+ + 𝑒− →

1

12
𝐶𝐻3𝐶𝐻2𝑂𝐻 +

1

4
𝐻2𝑂 

−𝑅𝑑: 
1

24
𝐶6𝐻12𝑂6 +

1

4
𝐻2𝑂 →

1

4
𝐶𝑂2 + 𝐻+ + 𝑒− 

𝑅𝑒: 
1

24
𝐶6𝐻12𝑂6 →

1

12
𝐶𝐻3𝐶𝐻2𝑂𝐻 +

1

12
𝐶𝑂2 



 

 

 

 

 
Fermentation Reactions 

 Ethanol fermentation from glucose (biomass synthesis is 

included) 

 Assume fs=0.22, fe=0.78 
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−𝑅𝑑: 
1

24
𝐶6𝐻12𝑂6 +

1

4
𝐻2𝑂 →

1

4
𝐶𝑂2 + 𝐻+ + 𝑒− 

𝑓𝑒𝑅𝑎: 0.78
1

6
𝐶𝑂2 + 0.78𝐻+ + 0.78𝑒− → 0.78

1

12
𝐶𝐻3𝐶𝐻2𝑂𝐻 + 0.78

1

4
𝐻2𝑂 

𝑓𝑠𝑅𝑐: 0.22
1

5
𝐶𝑂2 + 0.22

1

20
𝐻𝐶𝑂3

− + 0.22
1

20
𝑁𝐻4

+ + 0.22𝐻+ + 0.22𝑒−

→  0.22
1

20
𝐶5𝐻7𝑂2𝑁 + 0.22

9

20
𝐻2𝑂  



 

 

 

 

 
Fermentation Reactions 

 Ethanol fermentation from glucose (biomass synthesis is 

included) 

 Assume fs=0.22, fe=0.78 
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−𝑅𝑑: 
1

24
𝐶6𝐻12𝑂6 +

1

4
𝐻2𝑂 →

1

4
𝐶𝑂2 + 𝐻+ + 𝑒− 

𝑓𝑒𝑅𝑎: 0.78
1

6
𝐶𝑂2 + 0.78𝐻+ + 0.78𝑒− → 0.78

1

12
𝐶𝐻3𝐶𝐻2𝑂𝐻 + 0.78

1

4
𝐻2𝑂 

0.22𝑅𝑐: 0.044𝐶𝑂2 + 0.011𝐻𝐶𝑂3
− + 0.011𝑁𝐻4

+ + 0.22𝐻+ + 0.22𝑒−

→  0.011𝐶5𝐻7𝑂2𝑁 + 0.099𝐻2𝑂  

𝑅: 0.0417𝐶6𝐻12𝑂6 + 0.011𝑁𝐻4
+ + 0.011𝐻𝐶𝑂3

−

→  0.011𝐶5𝐻7𝑂2𝑁 + 0.065𝐶𝐻3𝐶𝐻2𝑂𝐻 + 0.076𝐶𝑂2 + 0.044𝐻2𝑂 



 

 

 

 

 
Methanogenic Reactions 

 Acetate to Methane 
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𝐶𝐻3 ⋮ 𝐶𝑂𝑂
− + 𝐻2𝑂 → 𝐶𝐻4 + 𝐻𝐶𝑂3

− 

−𝑅𝑑: 
1

8
𝐶𝐻3𝐶𝑂𝑂

− +
3

8
𝐻2𝑂 →

1

8
𝐶𝑂2 +

1

8
𝐻𝐶𝑂3

− + 𝐻+ + 𝑒− 

𝑅𝑎: 
1

8
𝐶𝑂2 + 𝐻+ + 𝑒− →

1

8
𝐶𝐻4 +

1

4
𝐻2𝑂 

𝑅: 
1

8
𝐶𝐻3𝐶𝑂𝑂

− +
1

8
𝐻2𝑂 →

1

8
𝐶𝐻4 +

1

8
𝐻𝐶𝑂3

− 



 

 

 

 

 
Methanogenic Reactions  

 Each g of BODL generates 0.35 L CH4 at STP 

(0oC, 1 atm) 

 The energy value of methane is 35.8 kJ/L at STP 

 

 Typical loading to anaerobic digestors, 5 – 10 kg 

COD/d.m3 

 Typical loading for an aerobic treatment < 1 kg 

COD/d.m3 
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Properties of Methane 
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Example 1 

 Industrial wastewater with a flow of 104 m3/d 

and a BODL of 20,000 mg/L is being treated. 

Assuming the waste stabilization is 90%, please 

calculate the methane content. Please calculate 

the energy value of the produced methane 
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Example 2 

 A wastewater from food processing contains 1.0 

M glucose. For operation of an anaerobic 

treatment processes for this wastewater, estimate 

the methane production, the mass of biological 

cells produced, and the concentration of 

ammonia-N required for cell growth for m3 of 

wastewater treated. Assume that fs=0.2 and 

glucose is completely consumed. 
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