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CO,-Enhanced Oil Recovery (CO,-EOR)

Large Volumes Of Domestic Qil Remain “Stranded” After
Traditional Primary/Secondary Qil Recovery

e hean, Original Qil In-Place: 596 B Barrels*

Mational Energy Technology
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Laberatory

“Stranded” Oil In-Place: 400 B Barrels*

Future Challenge
400 Billion Barrels

" Cumulative Production
175 Billion Barrels

Proved Reserves
21 Billion Barrels

*Baped on field-by-field assessment of over 2,011 large U E. oil fislds accounting for 74% of domestic oil produciion; excludes deep-water GOM.
Source: Advanced Resources Intemational (2008)

May 6, 2008 Advanced Resources Jnre.'nariunaJA
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*Assuming ol price of $70/8 (real); CO2 costs (defivered to field at pressure) of $45/metric ton

[$2.38Mcf); investment hurdle rate [15% and 25% ROR, r=al). A
heay 6, 2008 Advanced Resources Iniemational
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Growth of CO,-EOR Production in the U.S.
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Qil and Gas Journal, 2008.
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ALTERNATIVE ENERGY DEVELOPMENTS
Unconventional Energy : CO,-Enhanced Oil Recovery (CO,-EOR)
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Figure 21 Areas with miscible CO, -EOR Potential [8]
Source: Pone & Kim (2006)
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ALTERNATIVE ENERGY DEVELOPMENTS
Unconventional Energy : CO,-Enhanced Oil Recovery (CO,-EOR)
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ALTERNATIVE ENERGY DEVELOPMENTS
Unconventional Energy : CO,-Enhanced Oil Recovery (CO,-EOR)
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BASIN ORIENTED STRATEGIES FOR CO,

Oifshore Lodnisiana Fealds with Fumre ENHANCED OIL RECOVERY:

Incramental G RE-EE"."IEIFJ' Paorenual

Economic Benefits of Producing Incremental Ol from COs-EOR

Assuming that 3.6 Dlllon bamels are develapsd over a 43-year ime frams, by 2025 this
would amount ba:
' neremental crude ol praduction of 200,000 to 250,000 bamreks per day
v Zver B)000 Jobs retalned by the Loulslana oll and gas Indusiny
. ncrezsed economic achvity In Loulslana amounting 1o ower 3500 million per year
' ncreased slate and federal revenues of aver 3250 milllon per year. Preparsd for

U.S. Department of Energy
Office of Fossil Energy — Office of Qil and Natural Gas

A Prepared by:
L Advanced Resources International, Inc.
| |

L March 2005 J
LSL) = 3
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Market Demand for CO, by the Enhanced
Oil Recovery Industry(®
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CLIMATE LEGISLATION UPDATE

Administration

Obama and congressional leaders have goal to pass a new climate law before
the Climate Conference in Copenhagen in December.

U.S. House
> Last year the primary climate legislation bill (Lieberman-Warner, S. 2191) failed in the Senate

> This year climate legislation originated in the House (H.R. 2454, Waxman-Markey, ACESA)

> After considerable horse-trading, ~1500 page Waxman-Markey passed out of the House on a 219-

212 vote.
U.S. Senate

> Boxer, Chair of Senate Environment and Public Works Committee initially announced her desire to
start with Waxman-Markey and produce a bill in August.

> Reid, Senate Majority Leader has said that the Senate climate plan envisions all committee action
being completed by the end of September, with an eye toward October for the floor debate.

> Latest count: 35 yes; 9 probably yes; 21 fence sitters; 13 probably no; 22 no.

Note: If climate legislation fails, EPA could regulate GHG under the “endangerment finding”.

EPA has already proposed rules for GHG emissions reporting and carbon sequestration.

10



WAXMAN-MARKEY
THE AMERICAN CLEAN ENERGY AND SECURITY ACT OF 2009

(ACESA)
SUMMARY
Title I — Clean Energy Title Il - Reducing Global Warming Pollution

Renewable Energy Global Warming Pollution Reduction Program
Carbon Capture and Sequestration Supplemental Pollution Reductions
Clean Fuels and Vehicles Offsets
Smart Grid and Electricity Transmission Banking and Borrowing
Partnering with the States Strategic Reserve

Federal Purchases of Renewable Electricity =~ Carbon Market Assurances and Oversight
Additional Greenhouse Gas Standards

Title Il - Energy Efficiency Clean Air Exemptions

Building Energy Efficiency
Manufactured Homes Title IV — Transitioning to a Clean Energy Economy
Appliance Energy Efficiency Ensuring Domestic Competitiveness
Transportation Efficiency Green Jobs and Worker Transition
Utilities Energy Efficiency Consumer Assistance
Industrial Energy Efficiency Exporting Clean Technology

ﬁLTT Public and Federal Energy Efficiency Adapting to Global Warming

/ﬁ,_\ Title V — Agriculture and Forestry Related Offsets

LSU) 11
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WAXMAN-MARKEY
THE AMERICAN CLEAN ENERGY AND SECURITY ACT OF 2009

Overview of the proposed greenhouse gas (GHG) cap-and-
trade program contained in Titles Ill and V

Coverage
large stationary sources emitting more than 25,000 tons/yr of GHGs, producers and importers of

all petroleum fuels, distributers of natural gas to residential, commercial and small industrial users,
producers of “F-gases”, and other specified sources.

Emissions Reduction Targets

Emission caps that would reduce aggregate GHG emissions for all covered entities from 2005
levels by 3% in 2012; 17% in 2020; 42% in 2030; and 83% in 2050. Bill also establishes
economy-wide goals for all sources, including but not limited to those covered by the cap-and-
trade program.

Distribution of Allowances

[See following chart] Approximately 20% of allowances are auctioned in the initial years of the
cap-and-trade program. This percentage increases over time to about 70% by 2030 and beyond.
Offsets and Other Cost Containment Measures

Bill allows up to 2 billion tons of offsets (1 billion from domestic sources, 1 billion from
international sources) to be used for compliance system wide.

Carbon Market Oversight

Bill requires FERC to regulate the cash market in allowances and offsets, and assigns the
Commaodity Futures Trading Commission the responsibility for regulation and oversight of any
derivatives markets (unless the President decides otherwise).
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Distribution of Allowances

American Clean Energy and Security Act of 2009
(H.R. 2454 - Waxman-Markey as Passed by U.S. House of Representatives)
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ENVIRONMENTAL IMPLICATIONS OF CARBON
CAP-AND-TRADE

Background

Cap—and-Trade Basics
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_\-\.\
\/_\_,—/ Emissions
35,000 exceed
o0 - allowance —
- Generator A
- needs to buy
u crediis
& 30,000 \ Altowance —
" Emissions are
= lower than
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25,000 Genarator B can
Generator B sell credits
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2005 %/ MtCO2e
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= Compared to the variation in

allowance prices between the
wvarnious alternative technology
sCenanos, there is a greater
wvariation in allowance prices
amangst the altemative offsat
and intemational credit
SCEMANDS.

= Allowing the unlimited use of

domestic offsets and
international credits can reduce
allowance prices by 71%
compared to scenana 2.

= Allowing the unlimited use of

just domestic offsets can
reduce allowancs prices by
28% compared to scenario 2

= Ifinternational credits are not

allowed, allowancs prices
increase by 34% compared to
scenana 2.

= |If both intermational credits and

domestic offsets are not
allowed, allowance prices
increase by 23% compared to
scenana 2.

= Allowance prices are 12%

loweer under the alternative
reference case compared fo
scenano 2.
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To Comply with GHG Emissions Reduction Requirements, Affected Sources Can:
1. Reduce emissions
2. Purchase allowances
3. Produce or purchase offset credits

Carbon Capture and Storage Carbon doxide uptaks by foensts, bicmass plantaticns,
P 5 Dispersed CO; 7 nind dagraded mine kinds tha aro restored

Geosequestration - Biosequestration (o

i S0

ln e

iy

m

/_\
Lsu CENTER FOR Source: www.123eng.com/projects/carbon.doc
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Storing CO2 with Enhanced Oil Recovery

DOENETL-402/1312/02-07-08

Febrary 7, 2008

17



llustration of Next Generation Integration of CO, Storage and EOR
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Southeast Regional Carbon Sequestration Partnership (SECARB)

LSb

SECARB Cﬂz Sources

There are more than 900 large, stationary sources of CO, in the SECARB
emiszioms are estimated at just over | billion metric tons {12 billien tons) of
€10, Fossil-fuel {toal, odl, and gas) power plamns are the largest contritutors,
accoumbing Sor approsimately 53 percent of the total CO envissions (see zrapk).

The SECARE Fegion i also host to a mumber of non-power related stationary
sources of CO,. These inchude, in descending order of contribation of
0, refineries, ethylene plants, cement plants, gas processing plants, ron

and steel plants, and ethylens oxide plants.

>

3
Em— B Hatym ey
3- W e FTECENIEY)
;ID: i

it Efmred

Eu:. o Csaread
e 0 Ml
iﬂ l Il' l -

)

"o slollls

AL AR ML GA s WS RMNC B0 0TH LU Y

emibsians for the SECARE Region are digisyed in the chart {right) and map (above]
by n, spurce fype, and quantiy.

Scherer Coal fired power plont in juller, Geonghs roduces over
254 millon tons of CO . per pear. (Source: Georph Power)

(LRI IR R WITY
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CO: Sources of the®

Smtonary OO, Sources of the SECARS Region [millan metric tons of C0, per year)

Elaciric Camant Patrokeuni | Rafineries’
State | Generation® | Fertlmer® | Plares® | Edanol* | Industrial* | Matural Gas* | Chamical* | Total*
AL 7Ll ¥} 54 — 05 0.2 1.3
AR ns — k] — 03 0.5 [t}
FL 1370 — 55 — .l A —
Gl AA.0 08 10 —_ ) — —_
LA 5Lé e g —_ W 53 3
M3 8.3 ] 05 — .l 0.4 15
NC TeT —_ —_ —_ ] —_ —_
5C .| — 8 — 04 — —_
™ 618 — 1.5 04 ¥ ] — 1.8
= 13Tk — 111 — 415 4.8 71
Wil A48 ) 11 — a2 — —
TOTA 8867 m 3.8 04 541 124 na

* Links ara all in million metric tons

** Extorn Teooe: TRRC Districes 1-&

1008 Carbon Sequestration Atlas of the United States and Canada 71
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Louisiana 2005 Fossil Fuel Combustion
Emissions by Sector (MMTCO,E)
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L CENTER FOR Source: LSU CES Greenhouse Gas Inventory, preliminary data, 2009.
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Southeast Regional Carbon Sequestration Partnership (SECARB)

COy Sources and Sinks

LS

SECARB: Compeosite Map of CO,
Sources and Geologic Storage Formations

The distance between a CO, statsonary source and a geologic storage formation

15 calculated as the shortest straighi-line distance from each source to the nearest
gealogic storage sibe. While these results do ot give a complete pictare of the
transportation and infrastructore requitements, they do give a first-order inteTpreta tion
of the magnimde of the requirements.

The sources in SECARE match up well with the potential storage reservodrs. For example,
mare than 70 percent of all sources (by volume) in the SECARE Begion are located
within 50 km (3] mi) of a siomge formation. Approximately 40 percent of the sources ane
acmally co-docated with an appropriaie storage formation. This especially ocours in the
Gulf Coast region where mamy of the sources overlie saline formations, coal beds, or bath.

The table below identifies how mamy years storage is possible given the curment anmaal
emiszions and the knowm CO, storage resource.

F o T Straight-Lina Distanca

o Mearest Formation

= & lkem 50 <108 lerm = 0@ b
Ol ard Gas Rukds p bE] 41%
Stata

Salira Formations Ti% 5% 5%
Coal and Shale ¥ 4% 4% Salina® Total
All Rsaarairs "E 5% 19% 749 0 2,502 0250 w117 4
Mota: The toql annual €O, §toraga ratm usad wan 338 millon matrie ton, 3 n 16 X0 e 40,195 Lia
which was etimat ed based on surrant smsions and asuming 90% 43 19 1,700 18,950 0.3 2
captura aefizkancy. 90 — — 10eg 1068 Ed

Margin sl i from GO, 5 1 M#areat Starage Foemation
]
Z T 4
B =0 = Salra 4
g am = Qo i §haim
B =
= |
"l
& 0
o o *Low estimates usad
B0y Faodetsd T ** Yaars of CO Storage at tha current amission rates | State Oy storage resourcal state anmual smissiors)
= Avarage storage for whole of SECARE area (Total storage resource’ total annual smissko
Abowve: Marginal dstance from oll OO, sources to their nearest stomge formation. s E..um,'l'—-’m: TRAC Detricts -6 (Tl G2, "

CEN1EK FUK
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1008 Carbon Sequestration Atlas of the United States and Canada 75
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SECAREB Commercialization
Opportunities

Early opportunities for commercialization i the Southeast Fepion most Lksly will be
associated with an ability to offset the cost of capturing and storing C0,. Utilizing
C0, for EOR. 15 the primary candidate for offiettng costs in several SECARE states.
Werk comducted by SECARE in Gulf Coast formations will assist in expanding OO,
EOF. opportunities. Another candidate is ECEM recovery utilizng CO, thilﬁls
conducted by SECARE in Central Appalachia and in the Black Warrior Basin of
Alabama will assist in determining the technical and ecomomic feasibility of ECEM.

Within the SECARE Region, EOR is m place in Mississippd. Currently, the CO,
that iz used for EOR. iz coming from the Tackson Dome, a natural source of CO,,
located pear Jackson, Mississippi. Denbury Besources operates a pipeline netwark
that transperts Jacksem Dome 00, to ofl fields in the Seatheast The Cranfield unit,
pear Matchez, Mississippi. is one EOR. field operated by Deptury Resources, and it is
bost to a SECARB Validation Phase small-scale injection as well as a Development
Phase larpe-scale injection in the brine formation down-dip of the EOR. field.

Denbary Resources is developing and expanding a CO, pipeline network fom
the Jackson Dome to potential EQE. sites in Mississippi, Lonisiana, Texas Gulf
Coast, and Alabama Denbury Resources also is establishing apreements with
sources of CO, that can supplement the volnmes of CO, produced at Jackson
Diome. As a result, the Denbury Resources pipeline system has the potential for
becoming the regional backbone of an meegrated network for CO,.

Regional Incentives
Two mitiatives in the SECARE region will help advance carbon capture and

SECARB Commercialization
Opportunities

- . Current EOR Fislds | Location | Prog d EOR Fialds | Location
sequestration deployment: Lockhare Crossing LA | Tirekey Aok M
* As part of SECARE Validation Phase fiel investigation, Virginia Litths Creshk M5 | Laka St John Rk LA
Tech, Marshall Miller & Associates (MM&A), mdﬂ:eGenhgu:al Malakau M5 Haidalbarg Fiald HE
Sﬂl\Ej'ﬂfAll'hﬂml mmhmg_lhe_ﬁsﬂ:ﬂnyufmﬂﬂ McComb M5 Dialhi Fiakd LA
from an industrial source and storing i in immineable coal seams Birackharvan M8 | Crromdis Fakd AL
andasguu_ai'bmgﬁ:mmﬂmlﬁppﬂachuanﬂﬂm [— M5 | Oysar Bayou ™
Black Warrior Basin. Som M5 | Fig Ridge ™
» As part of SECARE Development Phasa field investigation, the Martimila M5 | Gillock Fialds L.
Electric Power Research Institate (EPRI) and Soathern Company Yallow Crask M | Hustings Fisld T
(with operating units in Mississippl, Alabama, Georpia, and Cyprus Crask M5 | Conros O Field =
Florida) currently are evalaating OO, capture and separation Smithdale M5
technologies. SECARE plans t imject 100,000-250,000 metric tons efine {Source: Denbury Aesources). Lazy Craak M5
(110.000—-280,000 tons) per year of anthropogenic (power plant) CO, Crarfki Fild Ms
from 2011 to 2014
1008 Carbon Sequestration Atlas of the United States and Canada 7%
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Summary Remarks

» There are significant petroleum resources (stranded oil) in the U.S. amenable to
recovery with CO,-EOR
* Total of 400 billion barrels in the U.S., of which about 87 billion barrels are
technically recoverable
* Total of around 14 billion barrels onshore and offshore Louisiana, of which
about 7.7 billion barrels are technically recoverable

» CO,-EOR offers a large “value added” market for captured CO, emissions

» Storing CO, with EOR helps with three of today’s concerns about geological
storage of CO,
*Regulatory/public acceptance
*Mineral (pore space) rights, and
*[_ong-term liability

» Qil produced today with CO,-EOR is 70% “carbon free” and can become 100+%
“carbon free” with the “next generation” technology (i.e. “green oil”)



Questions/Discussion



