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Stabilization of CO, concentrations means

~ Battelle

fundamental change to the global energy system
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Historical Perspective for Midwest
* National CCS program is now over 10 years old

* Midwestern US has been a key area of evaluation
under DOE and industry initiatives:

— Started with small paper studies — literature reviews,
modeling data from UIC wells, laboratory experiments

— MIDCARB project — precursor to partnerships

— AEP Mountaineer site assessment

—MRCSP and MGSP Phases |, Il, and Il

— FutureGen siting process (IL, KY, OH, WV)

— Ohio and KY state efforts

— Regional characterization, organic shales, ECBM studies
— Capture studies, IGCC, oxy-fuel combustion etc.
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Ongoing Initiatives - Progressing togks
Field Implementation and Deployment

Mountaineer

FutureGen AIIianceJ
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MRCSP

MIDWEST REGIONAL
CARBON SEQUESTRATION
PARTNERSHIP

Carbon Dioxide Capture
H aned Geologic Storage

Global Energy
Technology Strategy
Program (GTSP)

Regional Reservoir Characterization
“Piggyback Drilling”




AEP - Mountaineer Project - Site e

Assessment to Deployment?

« 1300 MW pulverized coal plant with
NOx and SOx control

e An area of intense power
production and future expansion

« AEP has announced a major scale-
up and a multi-pronged CCS
deployment at this and other sites.
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Mountaineer Storage and
Monitoring System Design
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Piggy Back Program -
Leveraging the Oil & Gas Exploration Industry

 Team up with oil and gas industry to collect data

* DOE gets access to existing drilling operations — saves significant cost
(counts as cost share)

« Oil and gas operators get detailed wireline logs

« Data go back to build regional understanding of geology and improved
capacity assessment

9000 ft deep stratigraphic test
well in Tuscarawas County Ohio

 Battelle
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Quantifying CO2 sources, demographics
and economics in the region

MRCSP

Large CO; Point Sources
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MRCSP’s mission: be the premier resource
for sequestration knowledge in its region
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The Business of Innovation

Characterization,

Phase I, 2003 - 2005

Terrestrial:

¢ Potential for 20%

annual offset for

large point sources

88 Reaching Out To and
Educating Stakeholders

Maraging Clmaretnengeamr
Secaring a Futwre for the Widwest's ldsstrial Base

Validation,
Phase Il, 2005 - 2009

Implementation

~e—

Geologic:

» 100s of years of
capacity for large
point sources in deep

saline alone Terrestrial
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MRCSP membership
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Terrestrial Sequestration —
Three field projects being pursued

Cropland § T T
{,f:.'..““r'__, f# | Reclaimed Minelands

Wetlands
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Croplands test sites (Ohio State Univ.)

KY

#139
Cuyahoga,
Geauga, lake

# 125 Clay,
Leslie, Knox

# 121Scott,
Harrison

# 122 Adair,
Brussel

#124 (Pike,
Scioto,
Jackson)

# 139 Crawford,
Mercer

# 140 Bradford,
Wyoming

#148
York,
Lancaster

PA

# 147 Fulton,
Huntingdon
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MRCSP Phase |l Geologic Tests

Michigan Basin

Ohio Strat Well J

Cincinnati Arch

14
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The Business «

RE Burger Power Plant (FirstEnergy)

Prill'Rig
(Jan 2007)

8000 Foot Test Well
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Site Characterization -
Example for R.E. Burger Plant

*10-mile seismic survey completed in August 2006
«Additional 1-mile of “quasi-3D” to investigate reservoirs and 3D options




Site Infrastructure,

Burger
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The Business of Innovation

)

24" Borehole
20" Casing

17 /2" Borehole
133/ " Casing

122" Borehole
958" Casing
= 2000
= 3000
= 4000

— | 83" Borehole
.| 7" casing

S 5000

EEETE———

===

6000

68" Borehole
FaviuLe

8000

9000

(33) yadaa




Battelle

The Business .:.!.fr Innovation

East Bend Test Site

» Duke Energy East Bend Plant outside of Rabbit Hash, Kentucky, 20
miles southwest of Cincinnati

 Located on the western flank of the Cincinnati Arch, a regional geologic
structure between the Appalachian and lllinois basins.

-
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EEEEEEEEE PHASE I| MRGSP ~ RE. BURGER PLANT - OHIO

£AST BEND LOCATION MAPOT COR NG PROJECT __ G005432-01 | DATE _ 03/06
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The

East Bend Station (Duke Energy)

Injection Target,
Mt. Simon Formation

"
e

East Bend Station

Test Well Design

Seismic Survey
October, 2006
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Site Characterization-
Preliminary Geologic Assessment

* Preliminary geological
) K k
assessment completed by Indiana Geolosical Survey
UNIVERSITY OF KENTUCKY =

and Kentucky Geological Surveys

z
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:§ L 2 Kope/Clays Ferry Formation

Lexington (Trenton) Limestone

High Bridge (Black River) Group

TR
I
]

» Paleozoic age sedimentary

— = Wells Creek Formation

rocks ~3500 ft deep and overlie E PR
Precambrian arenite Middle Run = 7™
Formation. B

Mt. Simon Sandstone

Middle Run Formation

LA T
i ‘!m
il

* Primary injection target is the
Mt. Simon estimated at a depth of
3200-3500 ft.

 This formation is a major CO,
storage target throughout the
MRCSP region.
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East Bend Test Site- Public Outreach

 Summer 2006:

- Coordinated with Duke Energy in planning
Interactions and developing a series of
Informational materials to introduce project
and describe future seismic and other
activities (neighbor letter, fact sheet, briefings)
- At request of local officials, conducted a
briefing for local officials and Open House for
nearby residents, including a series of
exhibits, seismic video and take-home
materials, as well as opportunities for one-on-
one discussions with technical staff

* Now preparing additional materials and
planning for an informational meeting to be
held prior to publication of the Notice of

| Availability of the draft permit for public review

by EPA Region 4

21



Battelle

Site Characterization-
Seismic Analysis of Mt. Simon SS

e 10-mile survey in ‘
2006 MT. SIMON FORMATION

« There is a gentle B
deepening to the | | =
north west.

KENTUCKY | e

* No indication of any
structure through the
formation

INDIANA

WELL LOCATION™
OHIO RIVER | 3es0

FEET

Color represents travel time ranging from red (shorter) to purple (longer)

A\ . Wy
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Site Characterization-
East Bend Seismic Section (S—>N)

A tighter bin size (55 ft) may have increased data quality in the flood plain

 Interpretation will need to be validated after drilling
* Numerous processing schemes were used to verify formation structure

Knox Super Group

| Eau Claire
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S i te C h araCte r i Z ati O n - The Business of Innovation
Test Well Drilling and Testing

* Injection site at the East Bend Plant has been finalized and surveyed.
» Test well design and procurement has been mainly completed.
* Drilling at the East Bend site is scheduled for early summer 2008.

* A nearby monitoring well is being considered with multi-level Westbay
monitoring system.




Design

Injection System

Depth
(ft bgs})

Name

Lithology

East Bend

Ohio River Alluvium

Fairview-Kope

Lexington-Trenton

Black River-Tyrone

Wells Creek-"Pencil Cave"

St. Peter

Copper Ridge

Eau Claire

Basal Sandstone

Precambrian Arenite

E

Proposed Monitoring Well Design

20 in. 944# H-40,
conductor set at 100
ft, through alluvium

13-3/8 in. 61# J-55,
shallow casing set at 800
ft, below fresh water
zones, in 17-1/2 in. hole,
cemented to surface

i \9—51'5 in. 43.5# L-80,

intermediate casing to
2,200 ft, below potential
sulfurous brine-producing
zones, set in 12-1/4 in.
hole, cemented to surface

:+ Total Depth at 3,700 ft

7 in. 26# J-55, injection
casing; set at approximately
3,650 ft, setin 8-1/2 in. hole,
cemented to surface.

Not shown: monitoring
packer completion

cemented back to 50 ft
below injection interval

Not to Scale

Batlelle

MONTORING_EASTEEND CDR
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Developing Preliminary Conceptua D i

Models

» Conceptual models are
being developed based
on regional data on the
Mt. Simon Sandstone
and Eau Claire

' 1

* Thdese mOd(ejIS WI” be 2900— Gas Saturation: Em 030405 0.60]0&9
used to provide :
guidance on MMV and 30007 Eau Claire
permitting items. + 31007

5 3200-

[«}] =l
 Models will be updated = 32007 . i

. . . pn ] . Simon

with site specific data 3400
once test well has been 3500?. —_——— T
drllled 0 200 400 600 800 1000 1200

Radial Distance From Well, ft

No vertical exaggeration
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Regulatory Track e D i

» Pursuing UIC Class V injection permit under Region 4 EPA UIC
program out of Atlanta (also working with Kentucky EPPC DNR Div. of
Oil and Gas Conservation)

« Several meetings/calls have been held with Region 4 EPA, Duke
Energy to discuss project schedule and objectives

 Class V injection permit application is in preparation prior to drilling test
well. PY—r—— - 7

© Water well {KGS #)

Large property area
should aid in permitting
and monitoring.

SE iﬂ !3153
_\

Proposed\ e ¥y o W
I&"ﬂ Well j’ Sute 31625

et —35?12

% -
OZINET  ¥ T-Tzo? TALL
.og?m\a,s:’-L 3162I? n,

All locations approximate
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MMV Program

« Complete monitoring plan and
schedule will be determined after site

e
characterization efforts are finished. s 555 ST R
R —r - “;}%”Dm "

. . . . . . . L__ﬁ S =

« Since the injection interval is fairly [~ =

thick, the monitoring approach may
Involve tracking the upward migration
(if any) of the injected CO, to assess

CO, behavior in Mt. Simon. oo e
Cincinnati Arch —
Time(Months)f -3 [ -2 -1 1] 2] 3]1]2]3 T

Phase] Pre Demo JActive Injection] Post Injection i Q—
Injection System (PVT) [ AL X | X]X g
Health and Safety g X | XX B
Repeat Wireline (RST, PEX) | [0 X X X X -
Tiltmeters _I__ X X | X | X -
Time Lapsed VSP X X #0007
Reservoir Sampling X X
Surface Geochemical XTI X XX | X]| X)X X[ X
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The Business of Innovation

The Michigan site has key infrastructure
needed to support CO, injection

DTE’s Turtle Lake Core Energy’s Compression
Gas Processing Plant Plant and CO, Pipeline

6” Diameter CO,
The lessons learned in operating this pipeline leaving
system will carry over directly to Phase Il compression plant

. e, —— 29
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At our Michigan site we completed

Injection of 10,000+ tonnes of CO, in March ‘08

5000 Foot Deep Test Well Drilled in November 2006

Gas Processing Plant

Injection Test

. Well
Antrim Gas Well

CO, Pipeline
Niagara EOR Wells

Monitoring Well

Confining Layer: =

Amherstburg Limest% :
Injection Target: -

Bass Islands Dolomite 5,000 —

Target
Storage
Formation

Injection
Operations

Starting Injection Well Column

30
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CO, Mechanical Integrity Testing — s
Example from MRCSP Ml Site

* Initial step-rate test and shut-in test completed with CO,, prior to sustained
Injection as part of UIC mechanical integrity testing, February 7-13, 2008.

» Testing provides data on hydraulic behavior of the reservoir system.

State-Charlton 4-30 Mechanical Integrity Testing Sequence

2100

Step Rate
Test

2000 A
Mechanical Integrity

1900 1 Injection test

Shut-In
Test

1800 -

1700

Start
Injection

Bottomhole Pressure (psi)

1600

Open Pull
3-30 Well| [Gauges

1500

130 150 170 190 210 230 250 270 290 310
Test Elapsed Time (Hours)




CO, Injection Testing - MRCSP MI

Battelle

Tha Busir

* 10,241 metric tons CO, injected from February 18-March 8, 2008
(including initial mechanical integrity test volume).

wess of Innovation

* Injection Rate increased from 400 to 600 metric tons/day after 1 week
(some fluctuations in injection rate due to compression facility).

 Injection well was shut-in for 1 month after injection to track reservoir

pressures decline and allow stabilization.

900

700

600

800

State-Charlton 4-30 CO2 Injection

Date

A |
Increase to 600 tpd_-,—-p \J\
H

Temporarily drop

injection rate to 300 tpd /

at compression facility

Stop Injection
2/20/08 2/22/08 2/26/08 2/28/08 3/1/08 3/3/08 3/5/08 3/7/08 3/9/08
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The Bus ation

The Michigan monitoring suite has
worked well under adverse winter conditions

Monio Well

(about 500 feet from injection well)

Acoustic Array

33



Results from Michigan have already The Bus
allowed us to take our models to the next step

Preliminary Modeling Site Drilling Site Specific Post-Injection
Based on Regional Data and Testing Modellng Calibration/Validation

1 L 1 L 1
100 200 300
Radial Distance From Well. ft

503

05 0.1 w15 0.2 025
Time = 3.000000E+01, day

Conceptualize 5 Design®y  Calibrate )
Characterize®  Monitor & Validate

Baﬁelle
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The

MRCSP Phase Ill proposed sites

Primary site

* Host: TAME, a joint venture of The
Andersons and Marathon
Petroleum

TAME Ethanol Plant...

* Plant operational: February 2008.
* Injection start: FY2010

« Scale: 1 million tonnes of CO, over
' a four-year period

e Target: Mt. Simon at ~3500 ft.

Optional site

* Host: Duke Energy

* Plant operational: FY 2012

* Possible injection start: FY 2012

e Scale: Possible 2 million tonnes
over four-year injection period

e Target: Mt. Simon at ~8000 ft.

— Multiple injection zones and
caprock layers
™. .~ .~ . 35
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Tha

Candidate site plan for ethanol site

 The TAME Ethanol plant sits on about
80 acres

« Candidate location for compression
plant and injection well site

» A CO, transfer line will be needed to
move the raw CO, from the vent
stack to the compression plant.

\
CO2 Vent Stack

36
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Outreach and public education is an

Important part of our overall program

(MRCSE) was formad n 2003 i devsion Our web site:
WWW.Mrcsp.org

Home

ol Our Maliing List Managing Climate Change and
s et Ul Securing a Future for the Midwest's Industrial Base

anil Carbon Sequesiration

nate Ch

About WAL
R

Twarm
Fact Sheets
Links & Resources

||'|tmd|.|ctiﬂ Presentations

What's News

1y Chanys -
Fme s 1. Larhi 3
crucsiration ITI:.; II::‘?:I.:IL Members Area

3. sddicional |

The Midwest Carbon Sequestration Partnership [MRCS2) is led by 2atelle, which is
iperabing s wieh site o008 behall, Tae MRCSP 1S ore of Sever regan.
partnarships established by the W5, Uaparmment of Energy’s National =nergy
Technology Laboratory (DOE/METL) to stucly carban sequeskration 25 ane opkion for
mibgabng chmate changie. The goal of thes bret phass ol b MRESP @ b assiss Ehe
technics!, economic and sociz! feasibility of carbon saquestretion inour region and
ommend small-scale field tests of sequestration coporbanibes in 2 second

= of the program, Yea myite wou ba fearn more by aenl i bk

For general inguiries, please contact David Ball at:

Affordanlz and
nElp statiiza &
dengerons errd
WAKA L83 raan

Wayvs oo seours
Tesen rndsn g
rthz WS an
I, iard i
agricdbursl

n
ard

Open house at one of our geologic test sites
"~ . .~ .~ . 3/
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Trends - Regional Variability in KeYissz
Sinks Must be Understood

Legend

Basal Cambrian Targets

Target Unit

I Vit Simon Sandstone

|:| Potsdam Sandstone

I Rome Trough sandstones

[ | Unnamed Conasauga sandstone

Potsdam Sandstone

e Viles
0 3060 120 180 240
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Challenge - Continued Regional Geologysisss

Mapping with Wellbore and Seismic Data

NW SE
FINDLAY WAVERLY CAMBRIDGE OHIO-WEST VIRGINIA ROME ALLEGHENY
ARCH ARCH ARCH HINGE ZONE TROUGH STRUCTURAL
FRONT
Utica Harlem field Wells Creek :|::> Antes Beekmantown Group (upper part) X
Shale H Formation Shale
(projected) O!E Roane County fields A
/ AU | ED z
X | - <
L 3 - ya 9
: g
[a]
=
Q
Lima-Indiana Morrow County Rose Run G
field fields sandstone l’ o
N fields z
South Birmingham l« T
and Collins fields g
(projected) g
EXPLANATION L =
Drill hole: !El\ll:.; —IE\meradaD1 Ullman / \l \ j é
- Exxon 1 Deem - Rome Formation @
. Gas show/reported initial and E
3 flow in MMCEGPD sandstone shale, shale, Conasauga Group Q
black gray =
- 0il lati Z00% 1t
il/gas accumulation - “ 1000 m
Unconformity :
shale, limestone with dolomite with
—— Normal fault red black shale black shale 0

* Extremely low data availability in deeper Appalachian,
Michigan, and lllinois Basin is a challenge
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Trends - Every Potential Storage @z
Zone Is Important

« Example — Mountaineer project ' e
storage potential was observed
In part of Copper Ridge == o [
Dolomite (B-Zone at 8100- aa=
8300 ft depth) based on
detailed NMR logging and
reservoir testing

« Similar high permeability zone -
observed in several wells,
Including one near Gavin plant.
This is promising for regional
storage potential

'i![

e Lesson - We have learned a lot : -
about characterization tools B
and feasibility in the region == '

T
i
]
h1L
r
"

-
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Challenge - Mapping and Modeling e

Storage in Carbonate Zones

 Example — Copper

O —— == B
Ridge/Knox Dolomite at 5 = — &
Mountaineer site T ——_

 Potentially thin but very
high permeability zones S ST -
In carbonates R -E
throughout the region  fwffeee— :

* Need to understand B N
geologic continuity and
geochemical behavior -

« Estimating capacity in E
discontinuous — =
carbonates can be 0 adis Dince Fromawetl, v
difficult

41
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Trends — Detailed Simulations to support permitting, e

outreach, MMV, and Facility Design are now Underway

z [ [T [ | [

LOE-10 LOE-09 10E-08 10E-07 10E-06 10E05 10E-04 10E-03 10E-02 1.0E-01 1.0E+00
P Contours: Intrinsic Permeability, Darcy 2000

i ' . Realization 26 ——

. Stochastic ket

. . Realization 29—

so o Simulation sk = -

L Realization 32 = es
: R Realization 33 -

Realization 34 —
Realization 35

CO, Injection Rate, ktonne/year

g 1000 Realization 36 ~-—--- 1
£
3000
500 PP
3.011636E+00y
0 L L L L 1

Isosurfaces: CO, Saturation

u - 3000 0 200 4.-00 . .600 800 1000
0.2030405060708 M u I t I p I e I nJ eC t O rS Simulation Time (days)

Carbonate Reservoirs

&
700 r r r T . . i =
g Time = 6.000000E+00,y
600 | P | &
\r OO AT A Gas Saturation
w_ 5 ¢
s00 Water CO2, Salt . 2 8100
£ a0 Total CO, i 5_3150
E Supercritical COy --------= 3
& Dissolved COy ---eeeeees
g 300 - g -8200
=)
20 ' 8 -8250
=]
___________________ “—
o o T B 8300
0 ' ' ; ' . : 2 2000 4000 6000 $000
2000 3000 4000 5000 6000 7000 E Radial Distancc me Wcll (ft)

Simulation Time (days)
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Trends — Characterization 3D SelsiiCsg
Surveys and Well Logging

EAST BEND SEISMIC LINES
« 3D surveys in complex

LINE V1 topography offers numerous
challenges

KENTUCKY

e Data loss across the
UINE V2 river

lk\—WELL LOCATION

INDIANA

» Twisted survey lines
offer significant processing
challenges

* Possible solutions include:

» Taking data at the bottom of the river using modified off shore
techniques

 Collaboration between acquisition and processing to try and straighten

the lines as much as possible
A N . £ 3



* Logistics of drilling and
MMV at and near
iIndustrial facility are a
major challenge

Trends - Integration of CCS with
Plant Operations and Site Logistics

Batrelle

The Bus af In

44
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Challenge - Developing Regional &
Deployment Plans

* Important for evaluating
regional capacity, pressure,
geomechanical, and brine
mobilization issues.

* Will be required for regional
Infrastructure planning — inter-
facility spacing and transport
network

4550000 <£00000

4500000

(]
[=)
(]
[ g
Lo
-+
-+

‘L.

4400000

; tﬁ!i'.l:l“' e
'!th]il

| |
i
4_]_]_"!."

« Example - Simulated
pressure buildup @ 20 million
tons/year for 20 years in 40
water injection wells in Rose
Run Sandstone

4380000

Foxy
2 !'*
%

250000 4200000

4

-

| 1 1 1 | 1
250000 400000 440000 420000 520000 S&0000  SO0000
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Trends and Challenges -
Institutional/Regulatory Aspects

A regulatory framework is emerging for deep well
Injection through extensive interactions with federal
and state authorities under ongoing projects

 Public utility commissions and policymakers are
becoming increasingly aware of the technical and
economic issues related to CCS. The CCS potential
IS discussed routinely in PUC deliberations

» Several states and other organizations are
considering long-term liability and ownership issues

* There is a strong need for faster progress on these
ISsues as we move towards large-scale testing

46
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The Business qj- Innovation

Summary of Trends — We are Now |
Critical Phase for Future Success of CCS

e During last few years, CCS has attracted growing
Interest and support from regional industry and
policymakers, this momentum must continue

 Emerging Issues:

— A major effort to expedite capture technology development
and integrated capture and storage demonstrations

— Regional planning for transport and storage networks

— Developing regulatory, policy, and risk management
framework in parallel with large-scale testing

— Building public acceptance as we proceed to
deployment
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