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The world economy is totally dependent on oil
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There are estimates that global energy demand will continue to grow over
the next 25 years.



Legend .
Il Assessed basins with resource estimate j&

Assessed basins without resource estimate ~
.
Muuul M

el@ s l A fon Tt tometionsi, b

World map of shale gas and oil
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The top 10 countries in terms of shale oil (billion barrels):

Russia, 75; United States 58; China 32; Argentina, 27; Libya 26;
Venezuela 13; Mexico 13; Pakistan 9; Canada 9; Indonesia 8

Large shale deposits in the Middle East region and in the Caspian
Sea were not included in the review because of a lack of data.
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Bazhenov formation

By comparison
with the famous
Bakken Shale gas
play in the USA,
the Bazhenov
formation is about
80 times larger,
covering 2.3
million square
kilometers or 570
million acres, the
equivalent of the
Texas and Gulf of
Mexico together.
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Shale oil extraction technologies
are still in the early stages of
development.

The cost of raw materials, though
it has tended to decline, is
considerably higher than
traditional oil production costs.

Shale oil is still rather promising
reserve for the future and is
unlikely to have a significant
impact on the present oil market.
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More than a hundred trillion dollars (one hundred million million
dollars) has been invested into infrastructure, production,
transportation and refining of oil in the world

B nHdpactpyktypy Ao0bIumM, TpaHCNOPTUPOBKU U nepepaboTkn HedTur
B MMpe ObINo BoXeHo boree cta TPUNnNMoHOB A0NNapoB (CTo
MWUSIMOHOB MUNMMOHOB A0S1NapoB).



World Oil Reserve as for 01.01.2013 (milliard barrels)

ource BP Statistical Review of World Energy 2013,

Country Oil reserve % of World Reserve
Venezuela 297.,6 17,8
Saudi Arabia 265,9 15,9
Canada 173,9 10,4
Iran 157,0 9.4
Iraq 150,0 9,0
Kuwait 101,5 6,1
United Arabian Emirates 97.8 5,9
Russia 87,2 5,2
Libya 48,0 2,9
Nigeria 37,2 2,2
USA 35,0 2,1
Kazakhstan 30,0 1,8
Qatar 23,9 1,4
China 17,3 1,0
Brazil 15,3 0,9
The rest of the world 131,3 7,9







Oil: Years remained
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PacnpeaeneHme UCTOYHUKOB YHUCTOM
aHepruu B 2030 rogy

CoOnHeYHaa aHepreTHHa
4,715 TBT

BETPO3HEPTreTHUHa
5,750 TBr

ruapo3HepreTHKa
1,035 TBT




Nuclear energy
... Renewable energy AjepHas

Natural gas

Basic sources of energy on the Earth
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Primary recovery Secondary recovery Tertiary recovery

Natural energy of oil bed Injection of water/gas Application of EOR




The world's first oil well was drilled
in 1847, in the District of Baku on
the Caspian Sea

August 27, 1859, is considered the
starting date of the world oil industry. In
this day the United States first oil well
drilled by Colonel Edwin Drake yielded
the oll flow with a fixed output.
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1928, Huntington Beach (Surf City, USA).
Such a landscape was quite usual until the 1960 's.



TpagMuMoHHbIE TEXHOMNOMMN NEPBUYHON U BTOPUYHOWN A06LIYM HEDPTH
NO3BOSIAIOT N3BJEeYb TOMNbKO OKOMo 1/3 nepBoHavanbHbIX reonorn4ecknx
3anacoB, 4YTO 03Ha4aeT ocTaBrieHne 2/3 cbipon HepTU B Heapax

CoBpEMEHHbIE Fe0/I0rmMyecKme
3arnacbl He(pT1 BO BCEX
M3BECTHbIX MECTOPOXKAEHUAX
Mupa gocturarT 6onee 500

MJIPA.T.
25-45% N3 HKX 6onee 300 mnpa.T.
HIBNEx aeMoie
N, OTHOCATCA K KaTeropumu
55-75% Hen3BIeKaeMbIX
OCTaTO4HbIE 3anac coBpeMEHHbIMH

MPOMbILLIEHHO OCBOEHHbIMMU
MEeTOZaMMU.



Secondary recovery
Methods of the enhanced oil recovery (EOR)

According to different estimates, the
worldmarket of technologies of
enhanced oil recovery will make up $
1,3 trillion by 2015

These technologies are employed in
Iran, Canada, Saudi Arabia, Russia,
USA, Angola, the United Arab

Emirates, Venezuela, Kuwait, and

many other countries.



Methods of the enhanced oil recovery (EOR)
MeTtoab! yBenuueHunna HecbTeoTpaum (MYH)

@ TemioBble - BBITECHEHHE HEDTH TEIUIOHOCUTEIISIMH, BO3JCHCTBUE C
IIOMOIIIbI0 BHYTPUILIACTOBBIX K30TCPMHUUYCCKHX OKUCIUTEIBHBIX PEAKIIHN);

@ I'azoBble - 3akadyka yIJIEBOAOPOAHBIX Ta30B, JKUIKUX PACTBOPHUTEIEH,
YIJIEKUCIIOro Ta3a, a30Ta, JbIMOBBIX I'a30B);

(3) XuUMHYECKHE - 3daBOJHCHUC C IIPUMCHCHHCM IIOBCPXHOCTHO-AKTHBHBIX

BemectB (ITAB), momuMepHoe, MUIICISIPHOE 3aBOHEHUE H JIP.);.

4) MUKpobunonornyeckme - seeageHue B nNnacT
NPOAYKTOB MUKPOBHOM XU3HEOEATENBHOCTU UMK KX
NPOVN3BOACTBO MUKPOOPraHMaMamMu B CaMOM nrnacre






MEOR outcomes

So far, the outcomes of MEOR are explained based on two
predominant rationales:

(1) Increment in oil production.

This is done by modifying the interfacial properties of the system oil-
water-minerals, with the aim of facilitating oil movement through
porous media.

In such a system, microbial activity affects fluidity (viscosity
reduction, miscible flooding); displacement efficiency (decrease of
interfacial tension, increase of permeability); sweep efficiency
(mobility control, selective plugging) and drlvmg force (reservoir
pressure).

(2) Upgrading. In this case, microbial activity acts may promote the
degradation of heavy oils into lighter ones. Alternatively, it can
promote desulphurization due to denitrification as well as the removal
of heavy metals.




History

It was in 1926 when Beckam proposed the utilization
of microorganisms as agents for recovering the
remnant oil entrapped in porous media.

In 1947, ZoBell and colleagues set the basis of

petroleum microbiology applied to oil recovery,
whose contribution would be useful for the first

MEOR patent



Mukpodnogorundueckune MYH

-

Paszsurne

MUKPOBHMONOrMYEcK Mx
NDOUECCOB B nNnacre

T

TexHonor um, MCNoNbL 3yroumne
NPOAYKTbI XKHU3HE AEATENbHOCTH
MUKPOOPraHU3MOB, NOAYYEHHbIX
Ha NOBEPXHOCTH 3EMAM

BBeneHHbIM C
NOBEpPXHOCTH Nnacroebii
& 6MoLeHo3 Gruoueros
MeTtoabl O.TH3KH K XHMHYECKHM:; *  BBOJATCHA KYIBTYPBI * AKTHBHpYeTCH
Co31aHHE Ha IOBEPXHOCTH MHKPOOPTaHH3MOB C €CTeCTBEHHAaA
OHOITABOB, OHOIIOJTHMEPOB, [HTATEIbHBIMH MHKpoda0opa
SMVIBIaTopoOB; BeIIIeCTBaMH IIVIEM IIOJa4YH
B IL14aCT
IIHTATCIBHBIX
BCIIECTB C
} \ IIOBEPXHOCTH
| Y
I[OpOl'O, JROJIOITHYECKH KoM IeKCHOe BO3JeHCTBHE HA MJIACT
HeOe3omacHoO! * JemeBo

* JKOJI0rHYecKH 0e30MacCHO



Injecting selected microbes
into the oil well
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Preparing nutrients for

injection into the oil well MEOREES



MEOR advantages

sInjected microbes and nutrients are cheap; easy to handle in the field
and independent of oil prices.

*Economically attractive for mature oil fields before abandonment.
sIncreases oil production.

*Existing facilities require slight modifications.

*Easy application.

sLess expensive set up.

sLow energy input requirement for microbes to produce MEOR agents.
*More efficient than other EOR methods when applied to carbonate oil
reservoirs.

*Microbial activity increases with microbial growth. This is opposite to
the case of other EOR additives in time and distance.

Cellular products are biodegradable and therefore can be considered
environmentally friendly.



MEOR disadvantages

*The oxygen deployed in aerobic MEOR can act as corrosive agent on
non-resistant topside equipment and down-hole piping

*Anaerobic MEOR requires large amounts of sugar limiting its
applicability in offshore platforms due to logistical problems

*Exogenous microbes require facilities for their cultivation.

sIndigenous microbes need a standardized framework for evaluating
microbial activity, e.g. specialized coring and sampling techniques.

*Microbial growth is favored when: reservoir temperature is inferior
to 80 0C, salinity is below 150 g/L and reservoir depth is less than
2400m.
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KoHe4yHas uenb npoekta - paspaboTka acdbdekTMBHOro noaxoaa Ans
NOBbILLEHNA HEPTEOTOAAYM NacToB, r4e UMeeTCs BbiCOKas CTEMNEHb
CONEHOCTM M BbICOKada Temrnepartypa.

HangeHbl MUKpOOpraHmMambl, CNOCOBHbLIE XOPOLLO pacTu Npu CONEHOCTM (>
10%) n Temnepartype> 50°C c obpasoBaHnem bmonneHok n GuononmmMmepos
BaXXHbIX OS151 3aKynopuBaHUs HETAHOIO MECTOPOXAEHMSA, a TakkKe
brnocypdakTaHToB, COCOBCTBYOWMX HEPTEOTAAYE C TBEPAbIX
NOBEpPXHOCTEN B HE(PTSAHOM nracTe.

-

[Tony4yeHHble pe3ynbTaThl CNy»XaT OCHOBAHMEM AN pa3pabdoTku
BMoTeEXHONOrMM, OCHOBAHHOM Ha BHECEHNM MefacChl U HATPATOB B MJiacT.
OcyuwecTtBnsietca aktnauns bakrepuin poga Clostridium (obpasyroLmnx
HedTeBbITECHAIOLLNE METADONNTLI U3 Menacchl), reTepoTPOdHbIX
HUTpaTpeayumpyroLwmx bakrtepumn (obpasyrowmx buocypdaktaHTbl 1
KOHKYPUPYHOLLUUX C cynbdumnaoreHamu 3a opraHuyeckme cyocrtpartbl) u
aBTOTPOOHbIX HATPATPeayLUUPYOLWNX DaKTepUn, CHUXKaKLWNX CoAepKaHne
CynbUaoB B NnNacToBbIX doritongax.
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One of the main purposes of this research was to provide biological solutions to
enhanced oil recovery, to screen microorganisms for the ability to grow at
salinities (total dissolved solids) of >10% and temperatures >500C with production
of biofilms and biopolymers useful for the plugging oil reservoir, and
biosurfactants promoting oil release from solid surfaces in the oil reservoir.

The novel cultivation approaches were developed to isolate microorganisms
which utilize geologic hydrocarbons as their sole source of energy and can be
used to improve petroleum extraction, transformation and bioremediation
processes.

The results obtained can be used for the development of biotechnology, based on
the introduction of molasses and nitrates in the oil bearing formations. This
biotechnological effect combines the activation of fermentation bacteria of the
genus Clostridium (forming different oil-displacing metabolites from molasses),
heterotrophic nitrate reducing bacteria (forming biosurfactants and competing
with sulfidogenes for organic substrates) and autotrophic nitrate reducing
bacteria that decrease sulfides in the formation fluids.



MEOR Trends

*Wellbore microbial plugging and consequent lost of injectivity (clogging).
*Dispersion of components necessary to the target.

«Control of indigenous microbial activity.

sMitigation of unwanted secondary activity due to competitive redox processes
such as sulphate reduction, i.e. control of souring.

sMicrobial paraffin removal.

sMicrobial skin damage removal.

*Water floods, where continuous water phase enables the introduction of
MEOR.

Single-well stimulation, here the low cost makes MEOR the best choice.
Selective plugging strategies.

*MEOR with ultramicrobes.

*Genetically engineered MEOR microorganisms able to survive, grow and
produce metabolites at the expense of cheap nutrients and substrates.
sApplication of extremophiles: halophiles, barophiles, and thermophiles.
sArtificial neural network modeling for describing in situ MEOR processes.
«Competition of exogenous microbes with indigenous micro flora, no
understanding of microbial activity.



iccnenoBaTenbCKUN LIEHTP
«bnoPecypcbl n Jkonorus»

WWW.CERBRD.RU  Center for Ecological Research
and BioResources Development

Prospect Nauki 5, Pushchino, 142290, Russia,
vdmitrieva@ibpm.pushchino.ru

Thank you for
attention!



