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Degree and pace of CCS deployment depends
on a policy placing a price on CO
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* CCS deployment at the scales necessary
to contribute to stabilization efforts will not
occur in the absence of a policy to
constrain CO, emissions

How soon CCS will deploy, and at what

scale, is highly dependent on both the
readiness of the technologies and how
quickly the price of CO, rises over time

* The price path for CO, is largely
dependent on the specifics of the policy
and its prescribed CO, emissions profile

Projections from: Sergey Paltsev, John M. Reilly, Henry D. Jacoby, Angelo C. Gurgel, Gilbert E. Metcalf, Andrei P. Sokolov and Jennifer F. Holak Assessment of U.S. Cap-
and-Trade Proposals. MIT Joint Program on the Science and Policy of Global Change. Report No. 146. April 2007.
http://web.mit.edu/globalchange/www/MITIPSPGC_Rpt146.pdf and John Larsen. “Global Warming Legislation in the 110th Congress: How do emissions reduction bills
currently before Congress compare?” World Resources Institute. February 1, 2007. http://www.wri.org/climate/topic_content.cfm?cid=4265
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The current state of climate policy in the US

U.S. CO, Emissions (MtCO ,/year)

Projections from: John Larsen. “Global Warming Legislation in the 110th Congress: How do emissions reduction bills curren
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A brief history of CCS regulation in the US

1974. US Congress passes the Safe Drinking Water Act

— Gives the US Environmental Protection Agency (EPA) jurisdiction to regulation
underground injection of all substances to protect underground sources of
drinking water

1980: EPA issues regulations for the Underground Injection Control (UIC)
program

1980-present:. Over 400,000 wells permitted under the UIC program, with
40 states jointly or solely administering their state injection programs and
10 state programs administered by EPA

31 August 2006: California passes SB 1368 (part of the Global Warming
Solutions Act of 2006, along with AB 32)

— Includes an emissions performance standard (EPS) for electric utilities

— Thus far, the States of Washington, Oregon and Montana have followed
California’s example by enacting EPS legislation

01 March 2007: EPA issues guidance for permitting pilot-scale projects

11 October 2007: EPA Administrator Stephen Johnson announces plans
to issue a public draft of CCS regulation by summer 2008



US EPA’s Underground Injection Control (UIC)
program

 Mandated by Congress under the Safe Drinking Water Act to protect
underground sources of drinking water (USDWS)

* Five well classes

— Class I: Injection of hazardous and non-hazardous wastes below the deepest
underground source of drinking water

— Class II: Injection of produced brine associated with oil and gas extraction
— Class lII: Injection of steam, water or other fluids to produce minerals

— Class IV: Injection of hazardous or radioactive materials into or above an
underground source of drinking water. Class IV wells are banned under the
UIC program.

— Class V: All other well types

* For current and near-term pilot-scale projects, EPA has issued guidance
that these CO, injection projects be treated as Class V wells under the
UIC program

— Applies to experimental projects designed to “assess the efficacy of CO
injection for the purposes of long-term geologic sequestration” and WhIC%
come online before a final national CCS regulation is available




State primacy under the UIC program

» 33 states have full primacy for all well classes
» 10 state programs are administered directly by US EPA
e 7 state programs jointly administered by the states and US EPA
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Regional storage resource availability, quality,
and demand will be heterogeneous

Key heterogeneities

—Sources (size, purity,
number)

—Storage capacity
availability / distance

—Formation-specific
characteristics
(including lithology,
geometry, quality,
depth, per-well
injectivity, fluid
chemistry)



Other key regional heterogeneities:
Finding and remediating existing wells

Quarter-mile
cells with at
least one well
drilled >2000 ft
deep, by age /
risk class

Pgimary US EOR
region

From the map
above, only
high-risk wells
are displayed
by well density

The areas of the U.S. with the
largest current EOR production
are also perforated with deep
wells, many of which may have
been drilled prior to 1930.

This may represent a significant
concern in the area of review for
many EOR-based CCS projects.

Mitigation of risks associated
with lost / unknown wells, or
wells that have been improperly
plugged and abandoned will
likely be higher in highly
developed areas than in other
regions of the country.



Other key regional heterogeneities:
Potentially competing demands for groundwater

Fraction of
water use from
groundwater sources,
by county



Other key regional heterogeneities:
Protecting CCS infrastructure from seismicity
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CCS regulation at the state level

* |n the absence of a national climate policy, some states are moving
forward to regulate GHG emissions

* These policies tend to be very state-specific and will likely continue
along that path

! " # $ % &

States
pursuing
CCs
legislation

Map and table, Stratus Consulting
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National CCS regulations will bring state rules
together under a consistent standard

e To the extent that they require CCS, it is likely that the rules
Implemented at the state level will vary significantly prior to
Implementation of national regulation

— State-level EPS will necessitate new CCS regulations prior to
implementation of a national rule. Similarly, agencies regulating

pipelines in states where CO, pipelines have not previously existed
will need to craft new regulations

— Provides an opportunity for critical learning and incorporation of local
and regional technical knowledge on geology and injection, as well
as early attention to CCS as it relates to surface / mineral rights

— However, these regulations and procedures may not all be created

equal and will need to be brought into compliance with national rules
/ regulations once these develop

At the same time, national-level policy will need to address CCS under
a wide range of region- and site-specific characteristics, bringing the

patchwork of state regulations together into a single cohesive,
standardized program
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Backup slides
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Example: Washington State’'s ESSB 6001

* Washington State legislation, ESSB 6001

e Emissions performance standard requiring that all new generation
serving as baseload capacity for Washington State have emissions equal
to or less than those associated with gas-fired generation

— This includes electricity generated in other states and purchased on
long-term contract by Washington utilities

— Requires a maximum CO, emissions factor of ~1100 pounds of CO,
per MWh

— For coal-fired generation, the only way to accomplish this under the
bill is via “sequestration”

* Washington State has primacy, and is currently drafting regulations to
govern CO, injection

* Washington’s geologic options are limited
— Challenging geologic / tectonic setting
— Primary geologic storage targets are basalts

— Demand for electric power is not co-located with geologic storage
capacity
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