#iHhsER JAN 20, 2010, 37(1): 96-102

Microbiology China © 2010 by Institute of Microbiology, CAS

tongbao@im.ac.cn

2 hbirak

A e B R U I PE R R R
MR FRBIBT

FTI¥ Mbadinga Serge Maurice Z# X4 HHE A
(R LR Y I N o TREFE ST E MAMSER  LiE 200237)

O AAMAEME SRR PSR G R b TR, AR RN RXITF R A K
BRI S, A K@ ERZHATIRGF R E, ZUAEFRLARGATGRA., KA iziE
T BB R B A MIERREACH T IR B AR M . R ) A0 R 3) ) 5 5 H b A3 ) AL 69 S 3 AF
R, 6T bR EA S AT RE ARG TITHAT LA, Bb TR —F R F5&.
KR BRATER, MAMBELEM, HBRIFTA, RAeHAML

Anaerobic Biodegradation of Petroleum Hydrocarbons
and Enlightenment of the Prospects for Gasification
of Residual QOil

WANG Li-Ying MBADINGA Serge Maurice LIHui LIU Jin-Feng
YANG Shi-Zhong MU Bo-Zhong™

(State Key Laboratory of Bioreactor Engineering, Institute of Applied Chemistry, East China University of Science
and Technology, Shanghai 200237, China)

Abstract: The conversion of residual oil to natural gas by anaerobic microorganisms could substantially im-
prove the exploitation and utilization of oil resources. The recovery of methane gas as an alternate form of
energy from unrecoverable crude oil may offer a route to economic production of energy from petroleum
reservoirs. This review summarizes recent progress about microbial communities, reactions thermodynamics
and kinetics involved in the anaerobic biodegradation of petroleum hydrocarbons and the subsequent con-
version to methane gas. The feasibility and potential for energy recovery via methanogenesis of residual oil

is also discussed. Furthermore, we provide new insights for further studies about this forefront technology.
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1 AHEREMERRRRE RS
Fig. 1 Microbial community structure associated with the methanogenesis degradation of petroleum hydrocarbons
T Ar b DR R g 7= e e B A A M IS A S, B TR DR AR A 7= P b i R O R M IS SR, C R AT IR A =
Joe st P O P R T 2 K ). el e SR A S I I R Y R
Note: A: Hexadecane degradation'?’; B: Crude oil degradation; C: Residual oil degradation'®’. The principal degradation route and microbial
community are represented by bold arrow.
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Table 1 Change in Gibbs free energy for reactions involved in methanogenic hexadecane degradation at
standard conditions®"!

7] Y AG” (25°C)
Substrates Products kJ/react kJ/mol
1E 7N e i
Hexadecane degradation
4 Ci6Hs4 + 128 H,O 64 CO, + 196 H, 4922.1 1230.5*
4 Ci6Hss + 64 H,O 32 CH;COO™ + 32 H" + 68 H, 1883.1 470.8*
4 C4Hs4 + 30 H,O + 34 CO, 49 CH;COO™ + 49 H* 268.6 67.2°
4 Ci6Hss + 30 H,O 15 CO, + 49 CH, —1487.1 -371.8*
H ] 7 ) 4 5 A
Conversion of potential intermediates
CH;COO™ + H" + 2 H,0O 2CO,+4H, 94.9 94.9°
CH;COO™ + H" CH,4 + CO, -35.8 —35.8¢
4 H, + CO, CH,4 + H,O —-130.7 -130.7¢

Hra: FEER 75k b BER R, o RREER L.
Note: a: Per mol hexdecane; b: Per mol acetate; ¢c: Per mol methane.
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Table 2 Pathways of methanogenic hexadecane degradation

SR IR S 75 2K
Pathways Reactions
CieHas SE R HE LN Hy Fl CO,, 1 CO, 3 J 77 A F A 4 Cy6Haq + 128 H,0 — 64 CO, + 196 H,
1) Complete oxidation of alkanes to H, and CO,, linked to 196 Ho+49 CO;— 49 CH,+ 98 H,O

methanogenesis from CO, reduction;

4 C15H34+ 30 Hzo — 15 C02 + 49 CH4 (sum)
4 CHsq + 64 H,O— 32 CH;COO™ + 32 H' + 68 H,

2)

3)

4)

5)

Ci6Hso F AL L BR AN Hy, FIH LR 7= A2 F e 2 CO, 38 JF 7= A B ke
Oxidation of alkanes to acetate and H,, linked to acetoclastic
methanogenesis and CO, reduction;

CieHss HALIM AR Hy, ZRPILASEALAL Hy B CO,, SRJ5
CO, i Jit 7™ A

Oxidation of alkanes to acetate and H,, linked to syntrophic acetate
oxidation and methanogenesis from CO, reduction;

C15H34%%$§¢t5%1&@§, ET%?’F'JJ?JZ‘E&F‘EE'%,
Oxidation of alkanes to acetate alone, linked to acetoclastic
methanogenesis;

CieHss BN ., LR p A FAL B Hy A1 CO,, #RJ5 i CO,
A J = A F e

Oxidation of alkanes to acetate alone, linked to syntrophic acetate
oxidation and methanogenesis from CO, reduction.

32 CH;COO + 32 H" — 32 CO, + 32 CH,4
68 H, + 17 CO, —17 CH,4 + 34 H,O
4 C15H34 +30 H20—> 15 C02+ 49 CH4 (sum)

4 CysHs4 + 64 H,0— 32 CH;COO™ + 32 H' + 68 H,
32 CH;COO™ + 32 H' + 64 H,0 — 64 CO, + 128 H,
196 H, + 49 CO, — 49 CH,4+ 98 H,O

4 C15H34 +30 H20—> 15 COZ +49 CH4 (sum)

4 CHss + 30 H,O + 34 CO,— 49 CH;COO™ + 49 H”
49 CH;COO™ + 49 H'— 49 CO, + 49 CH,4
4 C15H34 + 30 Hzo — 15 COZ + 49 CH4 (sum)

4 Cy6Hss + 30 H,O + 34 CO,— 49 CH;COO™ + 49 H”
49 CH;COO™ + 49 H' + 98 H,0— 98 CO, + 196 H,
196 H, + 49 CO, — 49 CH,4+ 98 H,0

4 Ci6Hss+ 30 H,O — 15 CO; + 49 CH,4 (sum)
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