
 

How it works? 

A large number of bacterial culture with 

nutrients in aqueous media is pumped into 

well. 

Well is kept shut for a significant period. 

In nutrient broth bacteria rapidly multiply. 

Microbial Enhanced Oil Recovery 

Microbial Enhanced Oil Recovery 

(MEOR) is a biological based 

technology that manipulates 

function or structure, or both, of 

microbial environments existing in 

oil reservoirs. The ultimate aim of 

MEOR is to improve the recovery of 

oil entrapped in porous media while 

increasing economic profits. MEOR 

is a tertiary oil extraction 

technology allowing the partial 

recovery of the commonly residual 

two thirds of oil, thus increasing the 

life of mature oil reservoirs. 

This technique has the potential to 

be cost-efficient in the extraction of 

oil remained/trapped in capillary 

pores of the formation rock or in 

areas not swept by the classical or 

modern enhanced oil recovery 

(EOR) methods, such as combustion, 

steams, miscible displacement, 

caustic surfactant-polymers 

flooding, etc. Thus, MEOR was 

developed as an alternative method 

for the secondary and tertiary 

extraction of oil from reservoirs. 

Starting even from the pioneering 

stage of MEOR (1950s) studies were 

run on three broad areas, namely, 

injection, dispersion, and 

propagation of microorganisms in 

petroleum reservoirs; selective 

degradation of oil components to 

improve flow characteristics; and 

metabolites production by 

microorganisms and their effects. 

History 

First time in the history of science, 

in 1962, Beckman suggested the use 

of microorganisms for sweeping oil 

from porous media. Then, in the 

1940s, ZoBell and his research 

group (1947) started a series of 

systematic laboratory 

investigations. ZoBell explained the  

main mechanisms responsible for 

oil release from porous media 

involving processes such as 

dissolution of inorganic carbonates 

by bacterial metabolites; production 

of bacterial gases which decrease 

the viscosity of oil, thereby 

promoting its flow; production of 

surface-active substances or wetting 

agents by 

some 

bacteria; as 

well as the 

high affinity 

of bacteria for 

solids.ZoBell’s 

experiments 

were later 

repeated resulting in the 

Updegraff’s patent (1957) based on 

the use of underground injected 

microorganisms which can convert 

cheap substrates 

like molasses into agents of oil 

recovery such as gases, acids, 

solvents, and biosurfactants.[1] The 

first field test was carried out in the 

Lisbon field, Union County, AR, in 

1954.[2]  

Science of MEOR 

This technology depends on the 

physicochemical properties of the 

reservoir in terms of salinity, pH, 

temperature, pressure and nutrient 

availability. Only bacteria are 

considered promising candidates 

for microbial enhanced oil recovery. 

Moulds, yeasts, algae, protozoa are 

not suitable due to their size or 

inability to grow under the 

conditions present in the reservoirs. 

Many petroleum reservoirs have 

high NaCl concentration and require 

the use of bacteria which can 

tolerate these conditions. [3] 

The microorganisms used in MEOR 

can be applied to a single oil well or  

to an entire oil reservoir. They need 

certain conditions to survive, so 

nutrients and oxygen are often 

introduced into the well at the same 

time. MEOR also requires that water 

be present. 

Microorganisms 

grow between 

the oil and the 

well's rock 

surface to 

enhance oil 

recovery by the 

following methods: 

Biodegradation of Crude Oil: 

A proposed mechanism of MEOR is 

utilization of bacteria that can 

degrade crude oil and consume its 

heavy fractions. As a result of this 

process, oil becomes a lighter and 

more valuable product as a result of 

a decrease in viscosity.[4] However, 

this degradation is confined to 

lighter portions of petroleum 

(especially paraffins) and bacterial 

treatment is beneficial for removal 

of paraffins from the wellbore, 

which can restrict the flow 

seriously.[5] Pseudomonas, 

Arthrobacter, and other aerobic 

bacteria are especially effective in 

the degradation of crude oil 

(Bushnell and Haas,1941; Bryant, 

1990) 

 



 

In 1954, the first field test was carried out 

in the Lisbon field in Arkansas, USA. 

Successful MEOR field trials are reported 

to have been conducted in the U.S., 

Russia, China, Australia, Argentina, 

Bulgaria, former Czechoslovakia, Germany, 

India, Malaysia, Peru, Poland and 

Romania. 

Gas Production: 

The bacterially produced gases 

(such as CO2, N2, H2, and CH4) 

improve the oil recovery in 2 ways: 

it either dissolves in the crude oil 

and thus reduces its viscosity or 

increases the pressure in the 

reservoir. The source of this 

produced gas is in-situ fermentation 

of carbon sources such as glucose by 

usually anaerobic bacteria. The 

most important gas-producing 

bacteria are Clostridium, 

Desulfovibrio, Pseudomonas, and 

certain methanogenes (Bryant and 

Burch. eld, 1989) 

Production of Chemicals: 

Chemicals that can be useful in the 

improvement of oil recovery such as 

organic acids, alcohols, solvents, 

surfactants, and polymers are 

produced by a wide array of 

microorganisms. 

Selective plugging: 

Apart from these techniques, 

bacteria can be used in selective 

plugging (permeability modiŽ  

cation) 

operations. In 

this method, 

polymers or 

bacteria 

themselves 

are used to 

reduce the 

permeability 

of highly 

permeable zones or of water 

channels that form in 

heterogeneous reservoirs. Thus the 

unswept formations are invaded by 

the water and sweep efŽ  ciency 

increases. Bacillus, Xanthamonas, 

and Leuconostoc strainsare reported 

to be effective in such processes 

(Yakimov et al., 1997; Jennemanet 

al., 1994). 

Other techniques: 

Other uses of bacteria in the 

petroleum industry include the 

control of unwanted bacteria (such 

as sulfate-reducing bacteria) in oil Ž  

fields and biodegradation of 

hazardous wastes caused by 

petroleum-related activities for the 

controlling and removal of 

environmental pollution. 

 

Classification of MEOR: 
Mainly, MEOR is classified as surface 

MEOR and underground MEOR 

based on the place where 

microorganisms work. For surface 

MEOR, biosurfactand 

(Rhamnolipid), biopolymer 

(xanthan gum), and enzyme are 

produced in the surface facilities. 

These biological products are 

injected into the target place in the 

reservoirs as chemical EOR 

methods. While, for underground 

MEOR, microorganisms, nutrients 

and/or other 

addictives are 

injected into the 

reservoir and 

let them 

sustain, grow, 

metabolize, and 

ferment 

underground. 

Based on the 

source of 

microorganisms, underground 

MEOR is categorized into in-situ 

MEOR and indigenous MEOR.  

While according to procedures of 

processes, underground MEOR is 

further sorted as Cyclic Microbial 

Recovery (Huff and Puff, Single Well 

Stimulation), Wax Removal and 

Paraffin Inhibition (Wellbore 

Cleanup), Microbial Flooding 

Recovery, Selective Plugging 

Recovery, Acidizing/Fracturing. 

 

Modeling MEOR 

Developing mathematical models 

for MEOR is very challenging since 

physical, chemical and biological 

factors need to be considered. 

Published MEOR models are 

composed of transport properties, 

local equilibrium, breakdown of 

filtration theory and physical 

straining. Such models are so far 

simplistic and they were developed 

based on: 

a) Fundamental conservation laws, 

cellular growth, retention kinetics of 

biomass, and biomass in oil and 

aqueous phases. The main aim was 

to predict porosity retention as a 

function of distance and time. 

b) Filtration model to express 

bacterial transport as a function of 

pore size; and relate permeability 

with the rate of microbial 

penetration by applying Darcy’s law. 

Contribution of Microbial 

Products: 
Microbial enhanced oil recovery – 

participating micro organisms 

produce a variety of products and 

they are applied in enhanced oil 

recovery. Various products, 

bacterial cultures and their 

contribution towards MEOR 

processes is shown in table 1. 

Titan Process of MEOR 

The Titan Process is a Totally 

Different Form of Microbial 

Enhanced Oil Recovery (MEOR) 

method. 
Other MEOR technologies past and 

present are very different from the 

Titan Process. These technologies 

almost all either inject microbes 



 

into existing oil fields or inject a 

glucose food source (eg. molasses) 

to feed resident microbes. The goal 

is to have the microbes excrete a by-

product referred to as a 

biometabolite. These microbial 

produced by-products are gas, 

polymers, acids and surfactants. 

Inherent in the disadvantages of 

some of the other known MEOR 

technologies is that in order to 

produce 100 pounds of bio-products 

in a reservoir, one would have to 

inject 100-200 pounds of food. 

There will be a constant need to 

feed the microbes many times,  

usually on a weekly basis. 

The Titan Process, by contrast, 

changes the microbes’ “activity,” 

and the feeding process is much less 

frequent, usually once every three 

to six months. 

The Titan Process is radically 

different and only uses resident 

microbes and injects a non-glucose 

nutrient formula which induces the 

microbes to become “active” in the 

reservoir by changing the 

characteristics of their skin. The 

microbes then seek and surround 

oil droplets in the sandstones and 

carbonate strata. This activity 

dislodges and breaks up oil 

droplets, which significantly 

increases oil recovery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product Micro organism 
Application in oil 
recovery 

Biomass 
Bacillus licheniformis, 
Leuconostoc mesenteroides, 
Xanthomonas campestris 

Selective biomass plugging 
Viscosity reduction 
Oil degradation, wettability 
alteration 

Bio Surfactants 
(emulsion, sophorolipids, 
 peptidolipid, rhamnolipid) 

Arthrobacter 
Paraffineus, Bacillus licheniformis 
Clostridium 
Pasteurianum, Corynebacterium 
Fascines, Pseudomonas 
Rubescens 

Emulsification, decrerease of 
interfacial tension, viscosity 

Biopolymers 
(alginate, xanthan, 
dextran, pullulan) 

Bacillus polymyxa, Brevibacterium 
Viscogenes, Leuconostoc 
Mesenteroides, Xanthomonas 
campestris 

Injectivity profile 
modification, mobility 
control 

Solvents (nbutanol, 
acetone, 
ethanol) 

Clostridium acetobutylicum, 
Clostridium pasteurianum, 
Zymomonas mobilis 

Oil dissolution, 
viscosity reduction 

Acids (acetate, 
butyrate) 

Clostridium spp. 
Enterobacter aerogenes 

Permeability increase, 
Emulsification 

Gases (CO2, CH4, 
H2) 

Clostridium 
acetobutylicum 

Increased pressure, oil 
swelling, decrease of 
interfacial tension 

Table. 1        Source: Jonathan et.al, 2003 
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