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1. Background



Climate Change Compromises the Whole World
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CCUS

* C02 capture,Utilization/Use and

Storage

* Purpose:

— GENERATING REVENUE by USE can
partially offset the cost of CO2 capture

— AS a transitional measure to assist the
accelerated uptake of CCS



CCUS provides important technical options for
Addressing Climate Change
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Role of CO, Geological Utilization Technology

Environmental benefits Time scale
-CO, reduction -Long-term
COJHE K HA
-Address climate change -Security
REX S 324k gigcoy s

Spatial scales
-Underground space
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-Additional output value -High reduction potential
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Economic benefits
-Cost-effective




2. CO, Geological Utilization R&D Activities
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CO, Geological Utilization and Storage

CO, Geological Utilization and Storage Produced oil or gas

Depleted oil and gas reservoirs ssssccsssessacess BifjECiEd CO
Use of CO, in enhanced oil recovery

Deep unused saline water-saturated reservoir rocks Sl
Deep unmineable coal seams

Use of CO, in enhanced coal bed methane recovery
Other suggested options (basalts, oil shales, cavities)
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CO, Geological Utilization Technologies

COMRFIAFEAR

CO, IR Enhanced oil recovery (CO,-EOR)
COFHEESFRWE  Enhanced coal bed methane recovery (ECBM)
CO, =X, Enhanced gas recovery (EGR)

CO, B 7 BN /BB ST K Assisting joint exploration of liquid mineral
CO, LHRHMAL  Enhanced geothermal system

COFIAESR (RAXK) FRIWHE Enhanced shale gas recovery
CO.BFTZHE  Basalt storage

COHTEW RABERMAIIEEERE Bauxite residue treatment

ilpew =yl Manufacturing rock cavity

COMBmBKICYER  Geological carbon sink



1.CO,-EOR
CO, IR ;h & 2[RI

Injecting compressed Mixing CO, with residual § Decreased the viscosity
CO, into depleted oll oil, decreasing the of oil, enhancing the oll
fields viscosity of crude oll recovery
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Oil displacement by CO, injection relies on the behavior
between CO, and crude. This interaction depends on the oil’s
weight, and the reservoir characteristics.



Miscible CO, flooding

CO, B tEYR i R T8

In high pressure applications with lighter oils, CO, is miscible
with the oll (in all proportions forms a single phase liquid), with
resultant swelling of the oil, and reduction in viscosity, and possibly
also with a reduction in the surface tension with the reservoir rock.
All these effects serve to improve the flow of oil to the production
wells.

The CO, miscible flooding can be used for low
permeability reservoirs which is not fit for water flooding,
sandstone reservoirs depleted with water flooding or deep
lighter oil reservoirs arrives at the limitation of exploration.
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Schematic diagram of CO,-EOR
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Immiscible CO, flooding

CO, k7R HH 5% i R 3

In the case of low pressure reservoirs or heavy oils, CO, (potentially
along with alternating water injection) will form an immiscible fluid, or will
only partially mix with the oil. Some oil swelling may occur, and oll
viscosity can still be significantly reduced. However, in immiscible CO,
flooding the main function of the CO, is to raise and maintain reservoir

pressure.

CO, immiscible flooding is suit for the reservoir with low
pressure and permeability, reservoir with heavy oil, high
inclination and vertical permeability, or the reservoirs with
geochemical and geological conditions which is not fit for
water flooding.
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CO,-EOR%(#t (Zama, Canada EOR)

Total Average Time
CoO, - 3
. C 2.30 million m3 | 28316.86m%/day | 2006.12~2011
injection
o : 25,000 barrels | 100 barrels/day | 2006.12~2009.8
production

. REAMFREL10%~15%, MR M.
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SIZE OF MARKET

* In North America, the Department of
Energy (DOE) estimated around 50 Mt
CO2/yr is currently used.

* Currently, CO2-EOR is used to produce
about 250,000 barrels per day of oll in the
US that are incremental to base case
production.
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PetroChina’s CO,-EOR Research and pilot
Injection, Jilin Oilfield

PetroChina EOR Project Jilin Oil Field CCS-EOR npilct test block

e weall network design

Goal: 0.8-1.0 million tons storage of CO, annually (Phase II)
Site:  Jilin Oil Field

Technologies: Separation of CO, from natural gas + EOR
Status: Phase | has been completed and phase Il is in progress



2. Enhanced Coal Bed Methane Recovery (ECBM)

CO.feEmRESRIWE

CO, storage
RERE T HERER, #HFCO,
ECBM

CO,IRXE, Bt bt
Displace and release
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CO, adsorbs onto the coal

COENEE

CO, injection into coal seams




Schematic of an ECBM operation, where captured CO, from a power

plant is injected into the coal seam and CH, is produced

CH,
recovery
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Simplified schematic for the storage mechanism in a conventional
gas reservoir (a) and in a coal seam (b).
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The injected gas fills the The gas is additionally

available pore volume as a

: adsorbed and absorbed
compressed fluid




CO,-ECBM %z
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Production and injection rates of multi well pilot test in the Ishikari Coal
Basin of Japan in 2004
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Allison Unit 1995/2001 277 kt
SWP EE 2008 35 kt 910 m
Fenn/Big Valley ik ¥5 1997 1998 200t
CSEMP mEX 2002 2008 10 kt
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China United Coalbed Methane Co. ECBM Pilot

Project in Qinshui Basin--Location
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China United Coalbed Methane Co. ECBM Pilot Project

Project Entity: China United
Coalbed Methane Company
(CUCBM)

Goal: Studying and developing
ECBM and CO, storage
technology, testing safety and
permanence of CO,
sequestration.

Location: Shizhuang, Qinshui
County, Shanxi Province

CUCBM CO:-ECBM Well Site CUCBM CO2-ECBM Well Site TeCé\giéIkJ/lei CO, Storage for

Current Status: Ongoing,
injection test started since
April 2010



3.Enhanced Gas Recovery (EGR)

CO,IFS #1318
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3.Enhanced Gas Recovery

CO RS RATRITER

Processing facilities

4 gas

production

Sandstones & mudstones
- 900 m thick
{regional aquifer)

Mudstones
- 950 m thick

Sandstone reservoir
- 20 m thick

B Gas
Water

3 CO,
injection
wells
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4. Assisting joint exploration of liquid mineral
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Schematic diagram of assisting joint exploration of liquid mineral
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5.Enhanced Geothermal System (EGS)
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Enhanced Geothermal System (EGS)
CO, LA ARG REE
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6. Enhanced shale gas recovery
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Estimated Shale Gas Resource Potential - 2010

Cent. & East. |
Europe 5
559 Tcf

America OV e -
4 471 Tcf - F - 8 Africa
e fa 1,305 Tcf

Saharan
1.017 Tcf

St Pacific
B 745 Tcf

America
373 Tcf

IGU 2003, VNIIGAS 2007, USGS 2008, BGR 2009
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3. Prospect Evaluation on CO, Geological Utilization
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Prospect evaluation map of CO2-EGR
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CO2-ECBMIZ 5 A/
Prospect evaluation map of CO2-ECBM

0 250 500 750 1000km




CO2-EGRIZL =1y

Prospect evaluation map of CO2-EGR
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CO25K pa izt e T
Prospect evaluation of Assisting joint
exploitation of liguid mineral
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CO2-EGSiz 5 i
Prospect evaluation of CO2-EGS
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CO2-ESGRIzZ 5tiFM
Prospect evaluation of CO2-ESGR




4. Integrated CO, Geological Utilization System




Integrated CO, Geological Utilization System

CO,MBRFHRR RS

‘ 2.CO,BHF T BhBA 1B & K
1.CO, X1 Assisting joint exploration of
Enhanced Ol liquid mineral

Recovery (CO,-EOR)

CO, R F
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3.CO, LM RS

Enhanced Geothermal System



Integrated CO, Geological Utilization System

The advantages of this concept are as follows:

Integrated CO,
Geological
Utilization
System

0 store CO, in an
nd aquifer system with
ity and permeability.

y providing pressure
ne production

uced brines may be used for both
hermal energy content and ions
ent at economic concentrations.



Example : Jianghan Basin
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The Jianghan Basin is a
representative salt-lake rift basin
covering an area of 36350 km?
with the salinity on the order of
150-340g/L . Jiangling

Drepression is the brine-richest
area.

The temperature of
geothermal aquifers is about 100
° C. The K* content of this brine
IS up to 1.6%, which is more
than 1.0% of industrial mining

grade can be used to produce
KCI.
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Location of the research area in Jianghan Basin
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Example : Jianghan Basin

The average concentration of salt in brine is about
280g/L

KCI In brine: 64%1.
High concentration in Li, B,l, Br
The Value of brine will be more than 2000 billion RMB

14 olil fields in Jianghan Basin, never use CO2 flooding

Geothermal gradient: 3.5 celsius degree per 100m



Conceptual Model

Pinj (constant Qout (constant
injection pressure) production rate)
= ©
= impermeable 2
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Well placement

As for the strategy of brine extraction and CO, injection, we arranged 13
vertical wells in a rectangular pattern with the same well spacing of 8 km in the
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The 13 vertical wells are divided into two groups, and the yellow-circled wells
are in one group while others are in another. Due to symmetry, we chose four
wells marked as #1, #2, #3 and #4 to observe pressure response and flow
change varying with time.



Scheme JFERFE

9B4C_Q @ 4B9C Q

9B4C_P 4B9C_P

Number of CO, wells

" " 4 9 4 9
COENFHIH
Number of brine wells

o A 9 4 9 4

IR FFR AN
CO, Injection scheme Constant injection rate Constant inejction
COENRR 0.25Mt/yr per well pressure of 40Mpa
Brine Extraction scheme constant extraction pressure of 1Bar
pI7KFFR T = EEHKENA—PARSE
Simulation Run Time Simultaneous CO, injection and brine extraction for
F3L B8] (yr) 100 years and monitoring for 100years

Simulation Tool
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Integrated CO, Geological Utilization System

CO /RTINSt
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Many kinds of integrated CO, Geological Utilization
Systems need to be established ...
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