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Motivation

- Generally, 50-70% of oil remain unproduca

Motivation

Generally, 50 70% of oil remain unproduca

- Majority of oil left is heavy/biodegraded or 

same with coal and shales...  

=> Need for new (production) technology  

=> Need for diversification of energy supply Need for diversification of energy supply

===> Microbial conversion of oil o

able in reservoirable in reservoir

unconventional oil (oil sands, deep oil…), 

or coal to methane
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Methane from coalMethane from coal
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Methane from coalMethane from coal
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Sampling areaSampling abandoned minesp g
Ruhr Basin 2006 & 2007



Sampling abandoned minesp g

Depth 700-800 m

37 to 40 °C

Depth 700 800 m

Humidity 100 %



Methane production in vitrop
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Detection of methanogenic Archaea
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Proposed degradation scheme

Phylotypes
1

Phylotypes
Coal mine

Proc

BaFungal attack

Mine Timber

BaFungal attack

Mine TimberMine Timber

BaFungal attack

Wood decaying fungi

BaFungal attack

Wood decaying fungiWood decaying fungiAspergillus sp., Trechispora sp.

Syntroph

Ferm

N2-fixing bacteria

Syntroph

FermFerm

N2-fixing bacteriaN2-fixing bacteriaAzoarcus sp.

acilibacter sp., Janthinobacterium sp.

Nitrate reducers

Syntroph

Nitrate reducersNitrate reducers

Syntroph

Thermprotei, Marine Crenarchaea

Azoarcus sp.

MethanoMethanoMethano

Pelobacter sp., Desulfomonas sp.

Methanosarcina sp., Methanosaeta sp.

Me

Methano

MeMe

MethanoMethanoMethanosarcina sp., Methanosaeta sp.

Beckmann et al. 2011a+b
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Coal mine 2
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acterial attack

Hard Coal
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Hard CoalHard Coal

acterial attackacterial attack

Pseudallescheria sp., Bjerkandera sp

hic reactions

menters

hic reactions

mentersmenters Clostridium sp., Pedobacter sp.

Clostridium sp.

Unc. Crenarchaea
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hic reactions

Thermprotei, Marine Crenarchaea

Thalassobaculum sp.
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ogenic Archaea

Sulfate/ Sulfur reducersSulfate/ Sulfur reducers

ogenic Archaeaogenic Archaea

Pelobacter sp., Desulfovibrio sp.

Methanosarcina sp., Methanosaeta sp
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thanethane

ogenic Archaeaogenic Archaea Methanosarcina sp., Methanosaeta sp
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Methanogenic enrichmentsg

Hexadecane Oil light Oil 

Plußsee + +Plußsee + +
Eckernförde Bay + +

Freshwater ditch + +
Mangroves + +
Oil reservoirs + +
Gulf of Mexico + +
Mud vulcano Rumania* +
Mud VulcanoAzerbaid* +Mud VulcanoAzerbaid +
Gölzau (Aquifer) ** + +
Coal mines
Gas fields

+
+

+
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(*) with F. Musat, MPI Bremen
(**) with H. Richnow, UFZ Leipzig( ) , p g
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Activity

12C / 13C – substrate-experiments

y

> Enrichments with several substrates: Alkanes,

> Incubations of oil reservoir enrichment show 

T=0 ‐45 9‰T=0   45.9 ‰
T=95d  ‐37.9 ‰ (with 12C‐C16)  
T=95d    +15147‰ (with 13C‐C16) 

> Incubations of mangrove enrichment show be
T=0   ‐52.2 ‰
T=195d    ‐50.6‰ (with 12C‐C6H6)  
T=195d +1754.4 ‰ (with 13C‐C6H6) 

( ith th lb th l ht l(same with ethylbenzene, methyl‐naphtalen

, BTEX, PAHs 

hexadecane‐13C16 conversion into methane

(CO ‐17 4‰)(CO2 17.4 ‰)
(CO2 ‐6.5 ‰)
(CO2 +16740 ‰)

enzene‐13C1 conversion into methane
(CO2 ‐9.4 ‰)2
(CO2 ‐10.4‰)
(CO2 +30.3 ‰)

ht l )ne, naphtalene….)



Controlling factorsg

Nutrients

CH4

Pipelinep
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Controlling factorsg

Addition of varying amounts y g
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Controlling factors

Mechanistic experiments
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Controlling factors

Environmental controls

g

CH4

Pipelinep

20-95 °C20 95 C

1-200 bar

Oil => CHOil => CH4  



Controlling factorsg

Identification of temperature optima for
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Controlling factorsg

Effects of increasing incubation preg
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In vitro  in situ

Hydrogen- vs. carb
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Methanogenic enrichments

Bacteria Archaea SRP
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Summary

 Mi bi l i f b d f il Microbial conversion of a broad range of oil

 Enrichment cultures on alkanes and aroma

 Adapted to reservoir conditions (high P & T

 Isotopes of methane provide exploration too

 Controlling influence of nutrient availability 

l d l t thls and coals to methane

tic compounds

T, salinity)

ol for reservoir selection

=> in situ stimulation? 
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