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CO2-Enhanced Oil Recovery (CO2-EOR)

�



�



�

Growth of CO2-EOR Production in the U.S.
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Unconventional Energy : CO2-Enhanced Oil Recovery (CO2-EOR)

������� �	��

����������������� �
�
���
�

�



�����������	����
�	�����
������

Unconventional Energy : CO2-Enhanced Oil Recovery (CO2-EOR)
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Unconventional Energy : CO2-Enhanced Oil Recovery (CO2-EOR)
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CLIMATE LEGISLATION UPDATE

� 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.
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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.
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Climate Conference in Copenhagen in December /

Administration

U.S. House

Note:  If climate legislation fails, EPA could regulate GHG under the “endangerment finding”. 
EPA has already proposed rules for GHG emissions reporting and carbon sequstration.



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

(ACESA) 
SUMMARY

Title I – Clean Energy
Renewable Energy
Carbon Capture and Sequestration
Clean Fuels and Vehicles
Smart Grid and Electricity Transmission
Partnering with the States
Federal Purchases of Renewable Electricity

Title II – Energy Efficiency
Building Energy Efficiency
Manufactured Homes
Appliance Energy Efficiency
Transportation Efficiency
Utilities Energy Efficiency
Industrial Energy Efficiency
Public and Federal Energy Efficiency

Title III – Reducing Global Warming Pollution
Global Warming Pollution Reduction Program
Supplemental Pollution Reductions
Offsets
Banking and Borrowing
Strategic Reserve
Carbon Market Assurances and Oversight
Additional Greenhouse Gas Standards
Clean Air Exemptions

Title IV – Transitioning to a Clean Energy Economy
Ensuring Domestic Competitiveness
Green Jobs and Worker Transition
Consumer Assistance
Exporting Clean Technology
Adapting to Global Warming 

Title V – Agriculture and Forestry Related Offsets
���
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WAXMAN-MARKEY 
THE AMERICAN CLEAN ENERGY AND SECURITY ACT OF 2009
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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 
Commodity Futures Trading Commission the responsibility for regulation and oversight of any 
derivatives markets (unless the President decides otherwise).
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ENVIRONMENTAL IMPLICATIONS OF CARBON 
CAP-AND-TRADE

Background
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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
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Illustration of Next Generation Integration of CO2 Storage and EOR

Source: DOE, 2008
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Source:  LSU CES Greenhouse Gas Inventory, preliminary data, 2009.  
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Summary Remarks
�There are significant petroleum resources (stranded oil) in the U.S. amenable to 

recovery with CO2-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

�CO2-EOR offers a large “value added” market for captured CO2 emissions

�Storing CO2 with EOR helps with three of today’s concerns about geological 
storage of CO2

•Regulatory/public acceptance
•Mineral (pore space) rights, and
•Long-term liability

�Oil produced today with CO2-EOR is 70% “carbon free” and can become 100+% 
“carbon free” with the “next generation” technology (i.e. “green oil”)



Questions/Discussion
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David E. Dismukes
Center for Energy Studies
Louisiana State University

Evolving Carbon and Clean 
Energy Markets

The Carbon Emissions Continuum: From 
Production to Consumption

Jones Walker Law Firm
June 23, 2009
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Overview and Preliminary Thoughts

� Considerable national and international attention has been 
given to this issue.

� The current increase in energy prices and challenges in 
supply capabilities confound climate change issues and 
approaches.

� GHG regulation also raises considerable questions about 
market organization and structure in restructured energy 
markets.

� Uncertainty and “policy volatility” creates challenges for the 
high levels of expensive investment considered needed to 
address this issue.

� Policies are likely to result in the most dramatic restructuring
of energy markets to date.



Take Away Points and Conclusions

� Significant increases in the cost (price) of all forms of energy.

� Significant redistribution of wealth between sectors, income 
classes, and even various regions and countries around the 
world. 

� High near and intermediate term reliance on natural gas 
particularly for power generation.

� Very large increases in the price of electricity.

� Policies are outpacing technological and institutional 
capabilities. 

� Ability of policy capability to meet goals is questionable.



Market Mechanisms

For Affecting Climate Change



Different Policy Frameworks
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Cap & Trade Mechanics



How Does Cap & Trade Work?

Simply speaking, sources “long” on credits will trade with those that 
are “short.”



20,000

25,000

30,000

35,000

40,000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

em
is

si
on

s 
-

to
ns

Emissions 
exceed 

allowance –
Shortfall must be 
made up from: 

(1)credit 
purchases from 
those facilities 

individually long 
; and/or 

(2) capital 
investments to 

lower emissions 
profile.

BAU Emissions Profile

Allowance

“Allowances” are issued for the 
allowed level of emissions.

How Does Cap & Trade
Improve Overall Emissions?

Framework creates “scarcity” because the initial regulatory “design”
is intentionally “short” in the aggregate.



How Are Allowances Determined?

Allowances are offered to participants based upon two different methods:
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Generator A - BAU Emissions Profile

Allowance
“Allowances” are issued for the 

allowed level of emissions.

Auction Versus Allowance

Deficit
Remaining credits needed after 

allowances

At $15/ton,
allowances 
would cost 

about 
$430,000 in 

2020.

At $15/ton,
remaining 

credits would 
cost $140,000

Total cost of 
emissions:
$570,000

An auction system is more expensive because it requires a larger
upfront purchase of credits.



Compliance Alternatives



Anticipated Forms of Mitigation
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Credits and Offsets



Carbon Markets

• Regional Greenhouse Gas Initiative (RGGI)

• 2009 is the first full year of operations

• Prices around $4 / tCO2e

• Chicago Carbon Exchange

• 67 mmtCO2e transacted at a value of $309 million (USD) in 2008

• Prices trading around $1-2 / tCO2e

• Concerns about fungibility if Waxman-Markey becomes law

• California Climate Action Reserve

• Largely an exchange for California companies looking for pre-compliance 
with anticipated federal law.

39Source: State and Trends of the Carbon Market 2009 by World Bank Organization



Chicago Climate Exchange
Daily Closing Prices

40

$/
m

et
ric

 to
n

Source:   Chicago Climate Exchange.



American Clean Energy and Security Act
Caps and Allocation

41

Caps

• Establishes emission allowances (annual tonnage limits) for 2012-2049, and 2050 and thereafter.

• Prohibits States from implementing any cap and trade programs that covers any capped emissions 
emitted between 2012 and 2017.

• Reduction targets (based on 2005 levels):

• 3 percent by 2012;
• 17 percent by 2020;
• 42 percent by 2030; and 
• 83 percent by 2050.

Allocation

• Specifies a percentage allocation of various vintage years of the total number of allowances to 
electricity consumers, natural gas consumers and energy intensive-trade exposed entities.

• About 80 percent of allowances will be issued for free initially, with that number declining over time.

• Auction of specified percentage from each vintage year.  Proceeds benefit low income consumers and 
investment in green jobs.  Auction of some unused allowances, initially to be used to fund rebates to 
consumers.  

• Provides for trading, banking and borrowing, auctioning, selling, exchanging, transferring, holding and 
retiring of emission allowances.  
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American Clean Energy and Security Act

42

Offsets

• Domestic and international offsets allowed. Projects will be approved by the Administrator on the basis 
of recommendations from the Offsets Integrity Advisory Board.

• Offsets equivalent to two billion tonnes of emissions can be used for compliance (generally half domestic 
and half international).

• One domestic offset or 1.25 international offset credits must be submitted for every one tonne of 
emissions, although up until 2018, one international offset credit can be used.

• Avoided tropical deforestation projects will be recognised as capable of generating offsets for 
compliance use. This is likely to provide significant support to REDD projects internationally.

Prices and penalties:

• Strategic reserve of 2.5 billion allowances to be created by setting aside a small number of allowances 
to be issued each year (1-3 percent), to be made available through auction if allowance prices rise to 
unexpectedly high levels.

• An excess emissions penalty is payable for non-compliance equivalent to the amount of excess 
emissions (ie. the emissions in respect of which no offset or allowance was held) multiplied by twice the 
clearing price for the earliest vintage at the last auction.

• There is also a "make good" obligation which means that the covered entity is still obliged to surrender 
allowances or offsets for the excess emissions in the following calendar year.
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Capital Investments



What is Carbon Capture and Storage?

44

• Carbon Capture and Storage (“ CCS” ) is a method of managing 
and reducing CO2 in the atmosphere

• Carbon dioxide is captured from a power plant or other industrial 
source, compressed and put in a pipeline where it travels to a 
nearby oil or gas field or “ sequestration site” .

• CO2 can be safely sequestered (or stored) in depleted oil or 
natural gas fields for an indefinite period of time. 

• CO2 can be held underground by the same solid rock layers that 
have held the trapped oil and gas for millions of years.
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Big Picture Cost Estimates

45Source: Intergovernmental Panel on Climate Change,  JPMorgan Chase
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Carbon Capture

46

• Three main methods industrial capture:

• Integrated gasification combined cycle (IGCC)

• Plants can capture 75%-80% CO2 emissions without major 
loss of efficiency.

• Oxygen-fuel combustion

• Oxygen separators can be retrofitted, but consume up to 
15% of generated electricity.

• Flue gas separation

• Main focus of research.
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Fuel Switching
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CO2 Emissions Rate by Fuel Type

© LSU Center for Energy Studies
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Coal plants have higher emissions rates than all types of gas plants.  
Cogeneration and newer gas plants have the lowest overall carbon

emission rates.

Coal plants have higher emissions rates than all types of gas plants.  
Cogeneration and newer gas plants have the lowest overall carbon

emission rates.

Gas is 79 
percent 

more 
efficient on 
emissions 
basis than 

coal.

Cogen is 123 percent more 
efficient on emissions basis 

than coal.



These differentials will have to be recovered from various funding sources

Total Overnight Cost for New Plants
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50
50© LSU Center for Energy Studies

All electricity demand regions are expected to need additional, currently  unplanned, 
capacity by 2030. The largest amount of new capacity is expected in the Southeast (FL and 
SERC), which represents a relatively large and growing share of total U.S. electricity sales 

and thus requires more capacity than other regions.

Electric Generation Capacity Additions
By Region and Fuel (2007-2030)

GW

Source:  Energy Information Administration, U.S. Department of Energy



Announced Nuclear Plants

Source:  Energy Information Administration, US Department of Energy; and Nuclear Energy Institute.

Note:  One proposed plant in Florida and two proposed plants in Texas have 
locations that are yet to be determined.

Proposed Nuclear Plants - Utility

Proposed Nuclear Plants - Merchant

Proposed Nuclear Plants - Undetermined

Percent of
Proposed Capacity MW Total

Utility 22,900       59.2%
Merchant 15,750       40.8%

States w/ Cost Recovery Rules 5,750         14.9%
States w/o Cost Recovery Rules 32,900       85.1%
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Renewables



States with Renewable Portfolio Standards

Currently there are 33 states that have RPS policies in place.  Together these states account 
for about 75% of the electricity sales in the US. 

ME
30%

VT Goal:
20% by 2017

NH: 23.8%
by 2025

WI: 10%
by 2015

MT: 15%
by 2015

IA: 105 MW

MN: 25%
by 2025

WA: 15%
by 2020

CA: 20%
by 2010

NV: 20%
by 2015

AZ: 15%
by 2025

NM: 20%
by 2020

UT: 20%
by 2025

TX: 5,880 MW
by 2015 (5%)

MO:
15%

by 2025

IL: 25%
by 2025

NC: 12.5% by 2021

VA: 12%
by 2022

PA*: 18%
by 2020

NY: 24% by 
2013

State RPS

State Goal

OR: 25%
by 2025

CO: 20%
by 2020

ND: 10%
by 2015

SD: 10%
by 2015

OH*: 25%
by 2025

MA: 15% by 2020
RI: 16% by 2020
CT: 23% by 2020
NJ: 22.5% by 2021
PA: 18% by 2020
MD: 20% by 2022
DE: 20% by 2019
DC: 20% by 2020

Note:  As of February 2009; *Ohio and Pennsylvania include separate tier of non-renewable ‘alternative’ energy resources.
Source:  Database of State Incentives for Renewables and Efficiency.

MI: 10%
+1,000 MW

by 2015

HI: 20%
by 2020

53
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These differentials will have to be recovered from various funding sources

Total Overnight Cost for New Plants
$ 

pe
r 

kW

Source:  Assumptions to the Annual Energy Outlook 2006

average cost of a
conventional 

combined-cycle

Resources are typically uneconomic without additional supportResources are typically uneconomic without additional support

uneconomic 
cost
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Renewable Energy Credits
and Carbon Offsets
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M2Q2>\LOE ?R3TV D2=8E Q2WB1�>PS214=832E E 1/=;>PV 3BDTLOD2WT?#>P3279LONO14325
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V D2=81/D2>PV i�1/?�5I327j>PS214=87g1/L/>PV 32DT325
791/D21/K4LOM2E 141/DB1/79NO.�Z
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m&32E Q2D2><LO79.�C2LO79M232DTnX>PLOD2W2LO79Wo6;7932NX79LOG

deV ?#>P79V M2Q2>PV 32D pkE E 32=8LO><1/WTMB.F?#>PL/><14327k791,NXQ2E LO><3279.
LOQ2>PS23279V >P.�]/LODB.�LOGY32Q2D2>\DB1,1/W21,WT32i�1/7
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What are Utility Conservation Programs?
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EERS by regulation or law (stand-alone)

Voluntary standards (in or out of RPS)

EE goal proposed/being studied

EE only as part of an RPS law, rule or goal

Other EE or DSM rule or goal

Energy Efficiency Resource Standards

ME: 10% new EE by 2017; in RPS 
goal as 2nd priority

VT: EE & RE to meet 2007-12  
growth

MA: meet 25% of capacity and 
energy with DSR by 2020

NY: 15% electric use reduction by 
2015; doubles EE funding

CT: 4% savings by 2010; a Tier III 
RPS resource

NJ: reduce consumption 20%, and 
peak demand 5,700 MW by 2020

DE: EE, RE, DG, and DR are 
priority resources before new gen

PA: reduce energy consumption 3% 
and peak demand 4.5% by 2013

DC: reduce peak demand and 
energy consumption

MD: reduce peak demand and per 
cap electricity use 15% by 2015

VA: reduce 10% of 2006 sales by 
2022 with EE, DR

NC: EE to meet up to 25% of RPS 
to 2011; later to 40%

FL: PSC to adopt goals to reduce 
electric consumption, peak demand

WA: must pursue all cost 
effective conservation

OR: IOUs required to have 
EE in IRP & assess cost-
effectiveness

CA: IOUs reduce MW 10%, 
peak  demand (MWh) 12% by 
2013; munis 10% by 2017

NV: use EE for up to 25% of 
RPS by 2015

UT: EE incentives in RPS 
goal

CO: save 40 MW and 100 
GWh annually to 2013

NM: use EE and DR to save 
10% of 2005 retail  electric 
sales by 2020

KS: Order advocates voluntary utility programs, not mandate

OK: PSC approved quick-start DSM programs, including EE

TX: 10% of load growth, beyond 2004, based on prior 5 years

ID: Energy Plan puts conservation –
DR and EE – as priority resource

MT: state agency reduction initiative: 
save 20% by 2010

MI: annual savings: 1% of prior 
year’s sales by 2012

MN: reduce fossil fuel use 15% 
by 2015 through EE, RE

IA: utilities must establish EE 
goals by end of 2008

WI: RPS requires utility EE

IL: reduce energy 2% by 2015 (EE) 
and 0.1% from prior year (DR)

OH: reduce peak-demand 8% by 
‘18; 22% energy savings by ‘25

KY: proposed REPS - EE and 
conservation to offset 18% of 
projected 2025 demand

Source:  Federal Energy Regulatory Commission



Conclusions



Conclusions

� Policy proposals associated with climate change are likely to be
the biggest form of energy market restructuring ever 
experienced. 

� Credibility, M&V, volatility, and confusion are likely to be 
experienced early in this process.  Policy is outpacing the 
technology and institutional capabilities.

� The combination of climate, energy efficiency, and renewables 
are likely to have unanticipated consequences.

� Significant redistribution of wealth between sectors, income 
classes, and even various regions and countries around the 
world. 

� High near and intermediate term reliance on natural gas 
particularly for power generation.



dismukes@lsu.edu

www.enrg.lsu.edu
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CO2  Enhanced Oil Recovery 
(CO2 - EOR)

CO2  Enhanced Oil Recovery 
(CO2 - EOR)
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American Oil ResourcesAmerican Oil ResourcesAmerican Oil Resources
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COCO2  2  Enhanced Oil Recovery Enhanced Oil Recovery 
(CO(CO2 2 -- EOR)EOR)
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Key to Success:  COKey to Success:  CO22 Pipeline Pipeline 
NetworkNetwork
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