-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Online Research Database In Technology

Technical University of Denmark DTU
oo

Molasses injection as a MEOR strategy: Enrichment incubations of brine/oil from North
Sea Oil Field

Halim, Amalia Yunita; Pedersen, Dorthe Skou; Eliasson Lantz, Anna; Nielsen, Sidsel Marie; Shapiro,
Alexander

Publication date:
2013

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Halim, A. Y., Pedersen, D. S., Eliasson Lantz, A., Nielsen, S. M., & Shapiro, A. (2013). Molasses injection as a
MEOR strategy: Enrichment incubations of brine/oil from North Sea Qil Field. Poster session presented at 4th
International Symposium on Applied Microbiology and Molecular Biology in Oil Systems, Rio de Janeiro, Brazil.

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://core.ac.uk/display/19504718?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/molasses-injection-as-a-meor-strategy-enrichment-incubations-of-brineoil-from-north-sea-oil-field(a7409dd4-7212-4ad8-b9c7-ccb9fe6b156c).html

DANISH | | |
? Technical University of Denmark DTU
TECHNOLOGICAL

LAnR: Molasses injection as a MEOR strategy: o

Enrichment incubations of brine/oil from North Sea Qil Field

Amalia Halim™*, Dorthe Skou Pedersen**, Anna Eliasson Lantz***, Sidsel Marie Nielsen*, Alexander Shapiro*

* Center for Energy Resources Engineering (CERE), Department of Chemical and Biochemical Engineering, DTU
** Danish Technological Institute (DTI)
*** Centre for Microbial Biotechnology (CMB), Department of System Biology, DTU

) —B - sucrose —=C - sucrose - C-NO3- b ——A -acetate ——B -acetate —=—C -acetate C) —A
15 - - 250 253_A_pH -@B_pH EC_pH -9 _ 0.4 - —-—B
North Sea Oil Production — - 200 = = 2 - 8 = 0.3 —=-C
? N =10 - <4 150 ¥| | B ] 5
6 iy Green techology > v 1 §, I 1.5 7:5 % 0.2
'ES 49 billion barrels bio ? = microbes O 5 - - 100 8 % 1 - 6 % 0.1
§ ] produced § - 50 = © 0.5 - 5 ' ?
E 4 - |“I)rU“iFv 0 I | 0 0 | 4 0 PO
3° 0 10 20 30 0 10 20 30
2. time (day) 0 tlme (days%o 30 time (days)
e UK 14 billion Figure 2. (a) molasses (sucrose) hydrolyses by microbes in incubation B (blue) and incubation C (red). Nitrate (NO;) was monitored in
N 111 ——— incubation C, NO,- was added at day 2, 6, 9, 14, 19 (orange circle) to keep NO, concentration at 212.5 mg/l (2.5mM), (b) acetate production
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» Sucrose hydrolyses (incubations B and C) — presence of fermentative microbes. Nitrate was consumed
continuously in incubation C (Fig. 2a).
Nutrient. * Acetate production — pH decrease (incubations B and C, Fig. 2b) and ethanol production (Fig. 2c).

* No production of succinate, lactate and glycerol on all incubations.

molasses, NaNO,

* Recovery mechanisms

|(O:ZI|,' brine, miqrobgs, met(ejlbolites) Figure 3. Microbes were present in the oil-brine interphase in all incubations (red arrow). (a) In incubation A, without molasses, microbes had a
ndigenous microbes study tendency to form aggregates. (b, c) In incubation B and C, with addition of molasses, microbes are present as single cell (loose particle).

Table 3. Interfacial tension (IFT) between the | ° In chalk it is important that microbes are present as single cells

* No significant change in oil characteristics: viscosity, density and

T28 - with T 28 w/o
Sample  TO biomass  biomass composition (total weight fraction) in all incubations.
A 19.29+0.12 17.70+ 1.48 1520+ 0.32 |+ Formation of gasses, emulsions and smaller oil droplets in
B 18.79+0.18 2.34+0.15 21.65+0.15 incubations B and C.
¢ 16602009 296043 22002088 |. |FT decreases when microbes are present in oil-brine interphase (Table 3).
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Figure 1. Anaerobic enrichment tests by using brine and crude oil from the North Sea 1E+04 | | | 1E+04 - | ' |
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oil field for 28 days at 55°C. Three different conditions on the enrichment test: (a) Time (days) Time (days)
incubation A (control) — no nutrient addition, (b) incubation B with addition of 2%

molasses and (c) incubation C with addition of 2% molasses and 2.5 mM nitrate. Figure 4. Abundance of 16S rRNA bacteria and 16S rRNA archaea gene copies in incubations A, B and C.
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Figure 5. Development in (a) bacterial community at phylum level and (b) archaeal community at organism level in incubation A, B and C.

’L|| | Table 2. Summary of heat map of the most abundant microorganisms based on sequencing of the16S rRNA gene of (a) bacteria and (b) archaea
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Production of fermentation products : acetate, ethanol and gas from sugar hydrolyses.

No significant change in oil characteristics; but formation of emulsion, smaller oil droplets and reduction

of IFT were observed due to microbial biomass when molasses was added (incubation B and C).

Addition of molasses made microbe cells hydrophilic - prevent microbes to form aggregates.
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Technical University of Denmark (DTU) Molasses stimulated microbial growth in incubations B and C, as shown by increase in cell number of
Sgltofts Plads, b 229, DK-2800 Lyngby both bacteria and archaea (QPCR results).

* Dorthe Skou Pedersen Pyrosequencing revealed that molasses stimulated the growth of Petrotoga and Anaerobaculum.

dspe@teknoloqgisk.dk . : :
D% g’?. and G;’; Nitrate was consumed continuously and Petrotoga was favoured over Anaerobaculum in the presence of

Kongsvang Allé 29, DK-8000 Aarhus C nitrate (incubation C).
CERE The growth of methanogenic archaea was potentially fueled by products from fermenting bacteria.
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