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Outline of the Presentation

I. Introduction — Defining terms. Understanding where CCUS might
contribute to solutions in resolving climate concerns?

1. Brief background on climate change to set the stage for considering
CCUS as a mitigation technology.

I11. Introduction to carbon capture processes for large stationary power
systemes.

V. Utilization options

V. Carbon dioxide storage —setting the stage for subsequent speakers

V1. Considering risk/reward trade-off amongst options.

VII.Comments and questions.
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Introducing the concepts behind
CCUS

« Carbon dioxide capture, utilization and storage technologies are
a family of processes involved in reducing carbon dioxide
emissions to the atmosphere.

« Climate policies focused on resolving concerns over
anthropogenic emissions (and other impacts) to the climate
system generally consider three responses:

— Mitigation of emissions

— Adaptation to minimize impacts of climatic change

— Geoengineering to reduce or offset atmospheric forcing caused by
human activities.

 We’ll spend a few minutes discussing these concepts,
highlighting differences amongst them and how they differ from
other elements of climate strategies.
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Key terms to keep 1n mind. ..

Mitigation(1): Technological change and
substitution that reduce resource inputs and
emissions per unit of output. Several social,
economic and technological policies would
produce an emission reduction, with respect to
climate change, but mitigation means
implementing policies to reduce GHG emissions
and enhance sinks.

Adaptation (1): Initiatives and measures to
reduce the vulnerability of natural and human
systems against actual or expected climate
change effects. Various types of adaptation exist,
e.g. anticipatory and reactive, private and public,
and autonomous and planned. Examples are
raising river or coastal dikes, the substitution of
more temperature shock resistant plants for
sensitive ones, etc.

Geoengineering (1): Technological efforts to
stabilize the climate system by direct intervention
in the energy balance of the Earth for reducing
global warming

(2) http://lwww.ipcc.ch/pdf/glossary/ar4-wg3.pdf

Carbon Capture and Storage (1): A process
consisting of separation of CO2 from industrial and
energy-related sources, transport to a storage
location, and long-term isolation from the
atmosphere — often in geologic reservoirs

Biologic mitigation (1): Biological options for
mitigation of climate change involve one or more of
the three strategies: conservation - conserving an
existing carbon pool, thereby preventing CO2
emissions to the atmosphere; sequestration -
Increasing the size of existing carbon pools, thereby
extracting CO2 from the atmosphere; substitution —
substituting biomass for fossil fuels or energy-
intensive products, thereby reducing CO2 emissions.

Carbon dioxide utilization (2): Nature utilizes CO2
to produce myriad substances that are consumed by
humans and animals. Some industrial processes aim
to accelerate the utilization of CO2. Three pathways
are recognized for utilizing CO2: conversion of CO2
into fuel, utilization of CO2 as a feedstock for
chemicals , and non-conversion use of CO2.

(2)DNV Research and Innovation, Position Paper 07 —
2011, Carbon Dioxide Utilization
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dioxide




Climate Changes
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Setting the stage...

Substantial body of data exists to support claims that “climate” is
changing at unprecedented rate consistent with the theoretical basis
developed to explain anthropogenic climate change.

— 2011 Neutral assessment of temperature and other terrestrial climate data
supports arguments of significant change (See:
Studies that attempt to project impacts of continued elevated levels
of greenhouses gases in atmosphere suggest either:

— Long, slow rise in key indicators tied to GHG emissions and co_rresraonding sea
level rise, changes in rainfall patterns, changes in average regiona
temperatures, loss of sea ice, etc.

— Rapid changes may occur once tipping points are reached.

Controversies remain some focused on “denial” of the phenomena
others focused on lack of key data, faulty models, etc.
— Some anomalies may exist in “data” (for example glacier retreat).

This talk not focused on science of climate change but rather on a
particular technological options that could be deployed to reduce
carbon dioxide emissions to the atmosphere.


http://www.berkeleyearth.org/

Integrated Assessment
of Black Carbon
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Summary for Decision Makers




A first best portfolio of mitigation options in REMIND Energy mix of a decarbonised future
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Advanced Coal Combustion Efficiency
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ACCELERATING THE UPTAKE OF CCS:
INDUSTRIAL USE OF CAPTURED CARBON DIOXIDE

MARCH 2011

PARSONS
~ BRINCKERHOFF

Carbon Dioxide Utilization

Electrochemical Conversion of CO, — Opportunities and

‘Research and Innovation, Position Paper 07 - 2011
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http://www.globalccsinstitute.com/publications/accelerating-uptake-ccs-industrial-use-captured-carbon-dioxide
http://www.dnv.com/binaries/DNV-position_paper_CO2_Utilization_tcm4-445820.pdf
http://www.lowcarbonfutures.org/assets/media/clcf_ccu_report_21_july_final_sm.pdf.pdf
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Current and Projected U.S. CO,-EOR
Production & CO, Supply/Demand

2010 OG&J EOR Survey
CO,-EOR 42% of U.S. EOR production
Miscible-CO,-EOR: 272109 bbl oil/d
109 miscible, 9 immiscible-CO, EOR projects
Major players: Oxy, Denbury, KM, Chevron
Current U.S. CO,-EOR CO, Demand
~60 MT/y (~3.1 billion scf/d)
26% of this is anthropogenic. CO,-EOR is currently supply-limited

Proposed CO,-EOR projects/ Projected CO, Demand

1.7 billion T CO, in 30 yrs, ~64 MT/y additional demand
NETL/ESPA-ARI Report: 320 to 446 MT CO.,ly



Viscosity of oil is reduced providing more efficient miscible displacement.
oduction Well
-
Separation and Slaraga Facllltles
Carbon Dioxide []




Potential contribution of Reuse and
Consumptive use options

No single major annual/cumulative use application
— CO,-EOR stands out
— Chemicals: High impacts ($/T CO,)
CO,-EOR
— [NETL/ESPA-ARI next-generation CO,-EOR report, 2011]

— 16-22 billion T CO,, ~100 $/T CO, economic margin (167 to 243
$/T net-benefit)

Consumptive uses: Carbonation approaches need to be demonstrated at
larger scales

Indirect processes: desalination, beneficiation, gasifier feed, slurry, HT
fluids, freight pipelines, solvents: increased efficiencies, benefits TBD
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Overview of Geological Storage Options — 0 coduced oil o gas

Depleted oil and gas reservoirs cssssssessnsancss  |njected CO

1

2 Use of CO, in enhanced ol and gas recovery m Stored CO
3 Deep saline formations — {a) offshore (b) onshore :
4

Use of CO, in enhanced coal bed methane recovery




Global map of large-scale integrated projects
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Considering risk/reward trade-off
amongst options.

Legal and Regulatory Issues — considerable basis in law to support
deployment of key pieces of CCUS system.

There exists substantial, relevant experience with important aspects of the
CCUS system.

— Weyburn, Sleipner, In Salah for example

There is time to allow for a careful deployment of the required infrastructure
for CCUS.

Certain key issues remain to be resolved. But projects involving CCUS are
receiving permits and moving forward.

— Chamber of Commerce Project/No Project study highlights difficulties
encountered by any energy project

CCUS will deploy across U.S. economy driven by mix of economics and

policy.
— Some 3900 miles of dedicated CO2 pipelines that cross state and international
boundaries have been built and operated on public and private lands for over 35

years without the need for sweeping new eminent domain powers.
— Studies suggest that ~70,000 miles of CO2 pipeline could be needed by 2030



What is the international picture?

Kyoto Protocol expires in 2012
UN process nearly collapsed at Copenhagen COP/MOP

Cancun meeting may have rejuvenated UN action but redirected it
toward less comprehensive agenda.

The next meeting (COP 17) will be held in Durban, South Africa in
November of 2011.

A number of Annex | signatories to Kyoto have continued efforts to
comply — notably within the EU.

Other Annex | signatories have taken steps but are concerned about
absence of restrictions on non-Annex | countries (including China,
India, Brazil, etc.) and allocations of reductions to others.

Japan, Canada, and Russia have said they won't sign up for another
round of carbon emission reductions under the Kyoto Protocol.



Where does the U.S. stand at present?

Current regulatory action at national level on greenhouse gases
proceeding based on authority granted under the Clean Air Act
(CAA) to control air pollutants that endanger health or public safety.

— New Source Review/ Permitting
— Prevention of Significant Deterioration
— Greenhouse Gas reporting

Attempts in prior Congress failed to enact national legislation to deal with
greenhouse gases in the context of global climate change. The major
proposals all included some form of cap-and-trade. CCS viewed as
potential mitigation strategy but that needed to be demonstrated.

Regional GHG programs RGGI and Western Climate Initiative

— In May, 2011 New Jersey announced plans to withdraw from RGGI
— Allowance prices in 2010 fell to approximately $1.87 per allowance
— Western Climate Initiative includes 6 U.S. and 4 Canadian Provinces

California adopts carbon cap and trade rules - California is first US
state to adopt carbon cap and trade regulations in a move that could lead
the way to stricter greenhouse gas regulations throughout the country.
The California Air Resources Board unanimously passed the legislation
late Thursday, allowing low-polluting businesses to gain credits that they
can trade for cash to businesses with high pollution Tevels.
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Legal basis for Regulatory Actions —
Supreme Court decisions

Court decisions that caused EPA to act

In Massachusetts v. EPA, 549 U. S. 497, this Court held that the Clean Air Act
authorizes federal regulation of emissions of carbon dioxide and other greenhouse
gases, and that the Environmental Protection Agency (EPA) had misread that Act
when it denied a rulemaking petition seeking controls on greenhouse gas emissions
from new motor vehicles. In response, EPA commenced a rulemaking under 8111 of
the Act, 42 U. S. C. 87411, to set limits on greenhouse gas emissions from new,
modified, and existing fossil-fuel fired power plants. Pursuant to a settlement finalized
in March 2011, EPA has committed to issuing a final rule by May 2012. The nuisance
matter appears to be heading for the Supreme Court.

In Connecticut, et al. v. American Electric Power, et al., two groups of plaintiffs filed
separate complaints in a Federal District Court against five major electric power
companies at a date prior to the decision cited above. The District Court dismissed
both suits as presenting non-justiciable political questions, but on appeal, the Second
Circuit reversed. In June of 2011, the Supreme Court found that the common law
basis for the original complaint was no longer applicable stating that “The critical point
is that Congress delegated to EPA the decision whether and how to regulate carbon
dioxide emissions from power plants; the delegation displaces federal common law.”
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