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Abstract : Petroleum oil in reservoir has been acquired by primary, secondary and tertiary oil
recoveries. Microbial enhanced oil recovery (MEOR) classified to tertiary oil recovery has been
evaluated in two ways of in—situ and ex—situ options. In—situ MEOR injects microbes into a depleted
oil reservoir and stimulates those to generate metabolites. Among metabolites, biosurfactants play an
important role to make heavy residues flow. Ex—situ MEOR injects microbial metabolites instead of
microbes into a reservoir to recover oil. Even though both in-situ MEOR and ex—situ MEOR are
eco—friend processes, in—situ MEOR can be preferred because it is more economic. Even though
MEOR have been evaluated for a long time, it is still in the state of evaluating in a pilot—scale.
Among microbes, bacteria have been widely evaluated in MEOR purpose. In this paper, bacteria for
MEOR were summarized and their metabolites were qualitatively evaluated.
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Fig. 1. Schematic work scope of this study.
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Fig. 2. Comparison of  microbial

characterization of microbes;

(®)

and
(a) application scenario to in-situ

applications  after isolation

MEOR, and (b) application scenario to Ex—situ MEOR.
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Table 1. Strains and their biosurfactants applicable to MEOR

Strains Biosurfactants Year Ref.

Bacillus subtilis ARCC6633 lipopeptides (surfactin) 2019 [17]
Bacillus subtilis MG495086 lipopeptides (surfactin) 2018 [18]
Bacillus subtilis HSO121 lipopeptides (surfactin) 2015 [19]
Bacillus subtilis Al lipopeptides 12017 [20]

Bacillus subtilis 32811 cyclic lipopeptides 2019 [21]

Bacillus astrophaeus 5-2a lipopeptides 2016 [22]
Bacillus licheniformis DM~1 EPS 2020 [23]
Geobacillus spp. EPS 2019 [24]

B firmus BG4 and B. halodutans BG5 - 2018 [25]
Thermus, Acinetobacter, and Pseudomonas - 2018 [26]
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Fig. 3. Chemical structures of (a) surfactin, and (b) emulsan.
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&
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et al.[24]2 TLEAQ Geobacillus F°] B4
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o5 A7F A= ek

Fig. 49 in-situ MEOR A& A F P,
aeruginosa WJ-1 AH[10]E HFgo= MEOR
Ag AU s 7Hdste] AAlsHe. WA, A
75 AT FARE Sl A= HEIEOME &
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Hoflols 245 et 84F 2 2 A4+,
o] 4E Wdsk= HAAE EHY & A

Oy, 1% MEOR oA ArgH
Pseudomonas HaA

ot o A<,
H]3 4 utejeo} 8
KA ALY 1Ee BET FE UL Ao]

ot

Isolation of microbes from harsh environments

Analyzing biosurfactant and possible enzymes

Study on the genes to express specific enzymes

|

DNA recombinant / Alternative non-pathogen microbes

l

Lab and field test

Fig. 4. Simplified procedures to screen
microbial bacteria and to develop

their MEOR application.

HA AFStAE, Hele AWSGA AT A
T+ MEOR¥H= ¥kz Z8fstal Qloal Hi
AlZtel BV e AlZelstal Eroh e
MEOR} A¥tel HH|2|oLE o]gste] HiArd-F
= dota, =AY &84S e e
ALE Qloh 11 olf=, e A 7HeA
A=l oy, ARE &85t sophorolipidsE
Aarst= SAReY  Pseudomonas aeruginosa BYE|
goto] thAHEZAQ! rhamnolipidsE AJ4tstE 3
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Uizt Ao Fagh 932 st UtH29]
°]Z, MEOR 4 YHolx= FAZolzt &

Table 3. Active companies to manufacture biosurfactants [16]

Biosurfactant

Expecting products to

Partner Brand .
manufacturer grow in future market
Evonik Industries Unilever Quix home and personal care
Logos Technologies Purchased by Stepan NatSurFact  cosmetic, personal care
Jeneil Biotech U. of Arizona Zonix Antifungi

AGAE Techologies -

- bioremediation
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