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Introduction

• During the last ten years scientific and engineering 
efforts in the laboratories of King Saud University (Saudi 
Arabia) and Cairo University (Egypt) has established the 
basic start for Microbial Enhanced Oil Research 
technology in the Arab World. 
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• It is expected that Microbial Enhanced Oil Recovery 
(MEOR) may recover up to 30% of the residual oil under 
the Arab reservoir conditions.

• The actual recovery, however can only be determined 
through laboratory and pilot tests under field conditions.

• A new technology should be developed to apply MEOR 
successfully.
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Historical Development

• Early Times: discovery by oil producers that bacteria were 
causing plugging of wells.

• In 1926:  Backman suggested that bacteria might be 
beneficial to the production of oil.

• In 1946: ZoBell presented a process of secondary recovery of 
oil using anaerobic reducing bacteria in situ.

• In 1950-1960: Czechlosvakia, Poland, Hungry and USSR 
conducted numerous well stimulation treatments.

• In 1970-1980: Oklahoma State U conducted more than 300 
well stimulation treatments.
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• In 1985: Researchers in Netherlands conducted a 
selective plugging experiments.

• In  1990: Researchers in China reported micro-
organism that produce polymer.

• In 1992-1992: Researchers at KSU carried out MEOR 
Lab. Tests

• In 1994 – Till Now: Researchers at Cairo University 
working on MEOR technology.
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• Definitions:

•Micro-organism: A living cell that is too small to be 
seen without a microscope.

•Bio-mass: bacterial cells with large quantities.

• Indigenous bacteria: Those that already present in 
reservoirs.

•Metabolism: Process of bacteria breaking down 
nutrients to form more cells or products. 
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Bacteria

• Are the only microbes that have been proposed for 
development of processes for EOR

• Because they have the properties:

• Small in size

• Exponential growth rate when supplied with nutrients

• Production of metabolic compounds such as gases, acids, 
solvents, and polymers

• Tolerate harsh environments ( high salinity, temperature,..)

• Many types are anaerobic
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• Some microorganisms produce gases that could improve oil 
recovery. 

• Some other species produce acids that can improve 
permeability of the reservoir rocks thus improve recovery. 

• Microorganisms produce bio-surfactant can decrease 
surface, and interfacial tension between oil and water, 
which causes emulsification.  
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• Several research studies in our Laboratory have shown, that 
MEOR is a potentially effective technology for increasing oil 
recovery through the improvements in interfacial forces, 
wettability characteristics, displacement tests and modeling 
of the process 
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Nutritional Options

• Use of Injected Organic Nutrients

• Inexpensive.

• Utilized by a wide variety of bacterial species.

• Support rapid rates of growth.

• Generate a range of products.

• No additional oxidizing agent required.
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• Use of In situ Crude Oil

•Widely dispersed in the reservoir

•Cost free.

•Growth on crude oil in the reservoir is very slow.

•Need to inject nitrate.
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There are different forms of microbial oil recovery:

• Cyclic well  stimulation treatments.

• Microbial enhanced water flooding.

• Permeability modifications.

• Wellbore cleanup. 
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Microbial  well  stimulation process can be considered successful not only 

by improving oil production rate but also decreasing the cost of 

maintenance and operation of a well
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For a microbial enhanced water flooding, It is important that bacteria be 

capable of moving through the reservoir and producing chemical products to 

mobilize oil. 



Mechanisms

• Many species of bacteria produce 
carbon dioxide and other gases, such 
as nitrogen (N2) hydrogen (H2) and 
methane (CH4), that can improved 
oil recovery by increasing pressure 
and by reducing the crude oil 
viscosity leading to an improvement 
in mobility ratio.

• Because many types of bacteria 
produce polymers, these 
microorganisms have been used to 
plug high-permeability zones in 
petroleum saturated sandstones to 
improve sweep efficiency and 
displace bypassed oil.
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• The work in the Netherlands was a selective plugging 
experiment using Betacoccus extraneous and a significant 
increase in oil production has been reported

• Recently, the research in China reported novel 
microorganisms that produce polymer.

• Researchers at the University of Calgary reported a 
methodology for using ultra micro-bacteria to plug the 
formation. 

11/30/2017 Dr.Helmy Sayyouh 19



• Microorganisms produce bio-
surfactant that can decrease in surface 
and oil-water interfacial tensions to as 
low as 5 x 10-3 dyne / cm, leading to 
emulsification. 

• Several types of microorganisms that 
produce bio-surfactants have been 
separated.

• Recent studies in our laboratories at 
Cairo University reported some species 
of bacteria producing polymers and 
bio-surfactant that can be used in field 
applications of MEOR processes.
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• Microbes also produce low-molecular acids, primarily of 
low-molecular weight fatty acids, that can improve 
permeability in limestone and sandstone rocks with 
carbonaceous cementation, and thus improve oil recovery. 

• A potentially useful group of microorganisms produces 
alcohols and ketenes. 

• These compounds are typical co-surfactants that are used in 
microemulsion solutions for stabilization and lowering of 
the interfacial tension promoting emulsification. 
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Role of Microorganisms on Interfacial Forces, Phase
Variation and Rock Wettability

• Our recent studies at Cairo University were performed 
to investigate the effect of biochemical’s from 
microorganisms, originally present in the crude oils, on 
the interfacial forces, phase variation of oleic/aqueous 
systems and rock wettability.
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• In some of these studies,  it was found that interfacial and surface 
tension was markedly affected by nutrient type and concentration. 

• This effect depends on the temperature at which the tests were 
carried out. 
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• In another studies, two Egyptian crude’s were used, one 
of them contained bacteria of Clostridium type and the 
other contained Bacillus type.

• The investigators found that, for each crude oil, the phase 
variation and interfacial tension was affected not only by 
the bacterial nutrient type and concentration but also by 
salinity, temperature and time of contact between the 
crude oil and the nutrient used. 

• This effect depends on the type of crude oil used.
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The effect of microorganisms on the 
rock wettability was investigated and 
it was found that bacteria obtained 
from the crude oil (Safaniyah oil field-
Saudi Arabia) had an effect on contact 
angles at both 23 and 50C.
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This effect depends on the type of 

nutrient used, type of rock sample, 

type of microorganisms and 

temperature of which the experiments 

were carried out.

During the growth of bacteria, 

nutrients are consumed and several 

metabolites such as gases, acids, 

alcohols, surfactants, polymers, etc. 

are produced. 



Effects of Nutrient Type, Bacterial Type, Permeability, API and 
Salinity on MEOR

• Twelve, bacterial strains exist in some crude oils and formation 
waters were separated and classified. 

• The effect of nutrient bacterial type, permeability, salinity and 
API gravity on recovery efficiency of the MEOR process were 
investigated. 

• Some types of the separated bacterial strains produced gases 
and surfactants, while some other strains when cultured in 
sucrose media produced polymers. 
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• It was found that the most attractive performance, among 
different types of nutrients (such as molasses, glucose and 
sucrose) is the use of commercial molasses. 

• It gives the highest oil recovery and the large oil-water 
bank. 
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• The variation of pressure during the 
floods was observed, which indicate 
the type of microorganisms that 
produce more gases.

• Also, it was found that the change 
in sand-pack permeability or API 
gravity of the crude oil have no 
effect on oil recovery.

• A little variation in oil recovery was 
obtained by increasing water 
salinity from 4.2 to l0%. 
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• A recent study at Cairo University showed that presence 
of 1% molasses concentration increases the relative 
permeability to oil.

• This effect depend on the crude oil type and the 
formation water salinity.

• The results were discussed in the light of system phase 
variation, interfacial forces, wettability characteristics, 
hydrogen ion concentrations, viscosity effects, and 
mechanical and mineralogical analysis of the cores.

11/30/2017 Dr.Helmy Sayyouh 29



Screening Criteria

• The data of the Middle East oil fields provide the characteristics 
of oil reservoirs that can be used for MEOR field projects.

• Extensive research is going on today in order to develop a new 
technology in the area of bio-technological processes that can 
be used under reservoir conditions of temperature, pressure, 
rock permeability and water salinity.

• No MEOR field projects have been reported where pressures 
and temperatures were too high for microbial growth.
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• Oil reservoirs temperature and pressure range from 
140 to 240F and from 2000 to 5500 psia, respectively, 
which means that MEOR processes can be applied 
with the temperature and pressure constraints. 

• Currently, our research studies indicated that some 
species of bacteria can resist high temperature 
effects. These results obtained have not reported 
before.

• The formation rock permeability in most oil reservoirs 
ranges from 100 to 3000 md which is a wide range for 
MEOR application.
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• A study on the screening criteria for enhanced recovery of 
some Arabian crude oils was presented recently. 

• recovery methods investigated in that study included thermal 
and non-thermal processes. 

• The usual biological limitation for temperature is about 170F 
and the pressure limitation is about 20,000 psi.
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Environmental Effects of MEOR

• The environmental control of MEOR is of great importance.

• It is necessary to prevent any adverse effects on the 
environment when applying this recovery method.

• Great effort is being expanded by investigators to understand 
the complex subsurface environment of a petroleum reservoir 
in relation to bacterial metabolism.

• One of the possible effects is the stimulation of indigenous 
sulfate-reducing bacteria which causes bio-corrosion in oil 
fields. 
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• It is recommended to use certain types of 
bacteria for MEOR process that their bio 
product maximize oil recovery and minimize 
biocorrosion.

• The possible contaminations of surface, 
ground water and agriculture land during 
bacterial transport are of major 
environmental concern associated with MEOR 
field application.
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• The mineral content of the initial water in the 
oil formation may inhibit the growth of the 
selected bacteria. 

• Injected and connate water salinities equal or 
less than 100,000 ppm is required for the 
application of the MEOR process. 
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Advantages of MEOR

• Economically attractive.

• Easily applied with typical surface equipment for water flooding.

• Cost of microbial fluids is low and not depend on oil price.

• Can be applied to heavy and light crude's.
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Comparison between MEOR and EOR 

MEOR EOR

-Multiple application                                                 Single application

-Multiple Recovery Mechanism                                Single recovery mechanism

-Low start up and capital costs                                High start up and capital costs

-Low operation costs                                               High Operation costs

-Generation chemicals in the reservoir                   Generation chemicals at surface

-Costs of micro-organisms and nutrients                 Chemicals depend on oil price

does not depend on oil price


