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Abstract: China has considerable demands for crude oil and natural gas. After oil recovery by
conventional methods (such as water flooding, gas flooding, chemical flooding, and microbial
enhanced oil recovery), more than 50% of the crude oil remains inaccessible in subsurface oil
reservoirs, unable to be recovered by conventional flooding techniques. The residual crude oil
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could be converted into natural gas by anaerobic microorganisms, which makes it exploitable as
biogas. This innovative approach shows promise as a microbial enhanced energy recovery
technology for exploiting residual crude oil in depleted oil reservoirs. This review summaries the
historical development and recent advancements in the methanogenic degradation of crude oil and
makes an outlook on the future research directions to facilitate the industrial application of this

approach.
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Table 1  Stoichiometry and Gibbs free energy for reactions involved in methanogenesis via petroleum
hydrocarbon degradation (modified from literature [76])
R E Bz FI g
Process Reaction AG® (kJ/mol)
Hydrocarbon (1) Toluene: C;Hg+7H,0—3.5CH;COO™+3.5H +4H, +113.6
degradation (2) Naphthalene: CyoHg+10H,0—5CH;COO +5H"+4H, +101.1
(3) Hexadecane: C;¢Hz,+16H,0—8CH;COO +8H +17H, +470.8
Methanogenesis (4) Hydrogenotrophic: 4H,+HCO; +H'—CH,+3H,0 -135.6
(5) Acetotrophic: CH;COO +H,0—HCO; +CH, -31.0
Overall (6) Toluene: C;Hg+7.5H,0—4.5CH,+2.5HCO; +2.5H" -130.5
(7) Naphthalene: C,oHg+10H,0—6CH,+4HCO; +4H" -189.5
(8) Hexadecane: C,¢Hs4+16H,0—12.25CH,+3.75HCO; +3.75H" -353.5
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Figure 3  Comparison of methane doubling time
between traditional fermentation pathway and novel
methanogenic pathway (data retrieved from the

statistical results of literature [36]).

P4 actamicro@im.ac.cn, 7% 010-64807516

2, HHT, X2 o H AR mE AT b S5 S AR
REEH B, SR n A fFilE— S RAGE
4.1 WIEHE

PRI S T P B R, L
ST S P A A I R AR ) S AR R, AT
S I A AL B R —Fh ik . Gao UMY
R, FEAIMAE TG SEET, 5
AR R IR RE (R 2, LBHE D;
M INEFRROG R G, LR RA B —En
PR BETEEGT H BE 11.6 mL, 32, SR
2). ZFERNEINMAF T 25 R AR, BRI
T8 SRR T PR U S D A P A TR B
(F2, LEITE3 M4,
4.2 INEEN

AN A F 1) R I P S IR R
MR BERA Y, RIEIMNERUEDITE R
FERE MR BE S s CRN = R GERE 7, AT 4 =5 st 2
YIS R I —Fh vk . 2R R I 4G
FRB, AN A SN AR 2R AN RN g AR i
Hb 25 H0 AT T (Geobacillus stearothermophilus) SL-
1, WMARBIEFRRIE BT, AR RA
HESNER 2, LRHIES), BPTER
Yy T R A A R A . 2 TR A
BMAMET SL-1 MEFRWG, RN IARFRHR
TR S e B e RE 1 O BE 140.79 mL, 5K
W74 6), FFH i IE N IREE 1Y) 4.8 150 bt
2922mL, #2, FEHE HN, ER RIS
5 N Hb ZEF KT T (Geobacillus sp.) K4 1 A
Z (AR R i i = e PERE (P2 H e 48.73 mL,
T2, LBHES). fir, THLEEidy
BESLEG, RIAMEE S AHT B = B B B Ca.
Methanoliparum [ [ W {4 2 H1AG B8 1) 7 H BEfig
HO=H e 5436 mL, %2, SLEITE 14), Hy=
F o P B AU P S80S S R e A 4 (7 TR e
151 mL, &2, SR 12)I0 36 .



THHE & | B, 2025, 65(6)

2347

w2 RMEYSRIALE

Table 2 Simulation experiments for methanogenic degradation of crude oil

Pt BIRRERBCTT LHTTHR

SRR PR 2500

(53 Nutrient activator formula Experimental scheme Total gas Methane References
Type yield yield
(period) (mL) (mL)
Cultivation 6 g/L NaNOs+2 g/L (NH4),HPO, (1) Formation water - - [100]
(90 d) +6 g/L molasses (2) Formation water+nutrient activator 186 11.60
Cultivation 0.3 g/L glucose+ (3) Formation water - - [101]
(304d) 0.3 g/L peptone+ (4) Formation water+nutrient activator 117 29.22
0.2 /L. yeast extract+ (5) Formation water+SL-1 - -
0.27 g/L K,HPO, +0.5 g/L NaCl . . .
(6) Formation water+nutrient activator+SL-1 277 140.79
Cultivation A: 0.3 g/L glucose+ (7) Formation water 65 0.08 [102]
(354d) 0.3 g/L peptone+ (8) Formation water+nutrient activator 185 48.73
0.2 g/L yeast extract+ (A+B)+K4
0.2(7) ig/L/ KZHPS_)S+0.5/ g/L Nc?fl (9) Formation water-+nutrient activator 150 0.42
B: 0.1 /L ureat0.5 g/L. Na (A+B)+methanogenesis inhibitor
(10) Formation water+nutrient activator 124 0.05
(A+B)+methanogenesis inhibitor+K4
Physical 0.3 g/L NH;Cl+ (11) Formation water+nutrient activator - - [103]
model 0.2 g/L K,HPO4+ (12) Formation water+nutrient activator+ 15.68* 1.51%

(90 d) 0.15 g/L cysteine crude oil

(13) Formation water+nutrient activator+ - -

Ca. Methanoliparum

(14) Formation water+nutrient activator+

70.05* 54.36%*

crude oil+Ca. Methanoliparum

Formation water: Water was collected from oil reservoirs, and contained crude oil and indigenous microorganisms; SL-1:

Geobacillus stearothermophilus SL-1; K4: Geobacillus sp. K4; —: Below detection limit; *: Data conversion according to molar

quantities.
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