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FY 2011 Overview

= Status of CCS in the WESTCARB
region

" Completing Phase Il

" The way forward for WESTCARB's
Phase llI
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WESTCARB overview

® West Coast Regional Carbon Sequestration

Partnership

province

— Regulatory agencies
— NGOs and foundations
— Colleges and universities

— Trade associations
— Consultants

and industrial partners

West Coast Recionan Carson SeQuesTRATION PARTNERSHIP

" Has members from >90 organizations:

— Energy and pipeline companies

" |ncludes seven states and one Canadian

— National laboratories and other research institutions

® Managed by California Energy Commission
® Funded by U.S. Department of Energy, CEC,

o®

WESTCARSB is one of seven DOE Regional

Carbon Sequestration Partnerships (RCSPs)

= RCSP is an applied research program in three
phases:

— Phase I: (Characterization Phase) Regional
characterization of CO, storage capacity
and cost (2003-2005)

— Phase II: (Validation Phase) CO, storage
opportunities evaluated via small-scale field
tests (2005-2011)

— Phase lll: (Development Phase) implement
large-scale (1 million tons) geologic CO,
storage field tests (2008-2018+)

DOE RCSP program includes
43 states, 4 provinces, and more than 350
organizations
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In the WESTCARB region, policy attention to
carbon sequestration is mixed.

State/Province Terrestrial Geologic Mandatory
GHG reduction
No No No

Alaska

Arizona No Yes No
British Columbia  Yes Yes Yes
California Yes Yes Yes
Hawaii No No Yes
Nevada No No No
Oregon Yes No No
Washington Yes Yes Yes
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Progress in California toward
geologic storage is steady but
“hesitant”

® California CCS Review Panel

® Status of commercial and other
projects

® CCS in Cap and Trade protocols

® CCS in energy infrastructure
research and planning
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VesT Coast Recionan Carson SEQuESTRATION PARTNERSHIP

FY 2011 Highlight: Final Report &
Recommendations of the California CCS Review

Panel

» Panel formed by the Energy Commission, California
Public Utilities Commission, and Air Resources Board
with involvement by Department of Conservation and
State Water Resources Control Board

+ WESTCARSB played a pivotal role in providing technical
expertise and information to the Panel

» Panel developed recommendations to guide CCS
legislation and regulations in California

« SB 669 introduced in Feb 2011

View the Report at the Panel website:

http://www.climatechange.ca.gov/carbon_capture_review
_panel/meetings/index.html 7
0®

Est Coast RecionaL CarBON SEQUES

Califernia COz Sources
and Potential Sinks

Projects not
sufficient to drive

policy
® C6’s and WESTCARB'’s

Northern California
Reduction Project cancelled

®= BP and Rio Tinto exit from
HECA; SCS Energy steps

up
® Clean Energy Systems
turbine testing

® Terralog Technologies field
characterization

®= No new FOA-441 projects

Characterization of Offshore Lt
(Wilmington Graben) for Large-Scale CO.

= No field CO, injection for
WESTCARB
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Will cap and trade and other policies enable
scenarios to get to 2050 goals?
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B Carbon fuels

® Net emissions

Scenarios from California’s Energy Future: The View to 2050

http://www.ccst.us/publications/2011/2011energy.php
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In California, delay in adopting GHG mitigation

technologies steepens the path to the 2050 goal

millions of metric tons of CO2 equivalent

Sinks/Sequestrtation

1990 1995 2000 2005 2010 2015

2020
Year

2025

2030

‘Waste management
Land use
Livestock
Industrial process
Ag and forestry energy use
W Residential energy use
Commercial energy use
M Industrial energy use (4)
Rail and water transportation
M Road transportation
W Domestic avaiation
Oil and Gas Extraction (3)
M Petroleum Refineries
[ Electricity generation (2)

2035 2040

2045

2050
From Schiller, 2007, CIEE
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WESTCARB Phase Il Closeout (May

2011)

" Completed elements
— Terrestrial program

— Arizona CO, storage opportunity “validation”

— Regional characterization studies

— Outreach program

® Continuing elements
— New site in Arizona

— California validation site
— Regional Technology Implementation Plan

— NGCC study

— Phase llI

Phase Ill Reapplication (Dec 2010--)

Vist Coast Recionar CarBoN SEQUESTRATION PARTNERSHIP

o

WESTCARB Phase
/11l field activities

to date
® Terrestrial field pilots in
California and Oregon
— Afforestation
— Forest conservation
— Fuels/fire management

= Preliminary geologic field
pilots/assessments

— Saline in Arizona’s Colorado
Plateau

— EOR/saline in Kern County,
CA (Kimberlina)

— Saline in Solano County, CA
LVST Opportunities?

WESTCARB CO2 Sources,
Potential Sinks,
and Pilot Project Sites

Powerplants (Annual COZ Tons)

£ Indusirial COZ Sources.
B> 0iland Gas Fioids
WESTCARS Pilot Projoct Sites.

* Geologic CO2 Storage Pilots

Est Coast Recronar. CarBoN Seques
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Phase lll: Large-Volume Storage Test
Opportunities/Challenges in WESTCARB Region

® Must have cheap supply of large quantities of CO,

— The region lacks large natural CO, domes, CO, pipelines
of size, large-scale pure streams from industrial CO,
sources (e.g., natural gas upgrading, ethanol plants)

— Using CO, captured from likely industrial sources (power
plants, refineries, cement plants) requires between $100
million -$1 billion in capital investment—well outside the
limits of the RCSP budgets)

® Must have reasonable geologic certainty of commercial-
scale capacity and containment
— Much of the region is tectonically active
— Geology is not “layer-cake”
— Data for saline formations is very limited

st Coast Recionan Carsox SI-JQUES’I'IL\'I'IO:\' PArTNERSHIP 13@ {@

WESTCARB’s quest for a
new industry partner and
LVST site

A'_.,/’-ﬁ‘\!‘g
T

Lesson learned: Without a price on
carbon, CCS is a “hard-sell,” not
buried treasure

-
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WESTCARB’s Phase lll activities now focused
on addressing the barriers to LVSTs and
commercial-scale projects in the region

= Study of retrofits and storage options for NGCC plants
in California

" Integrated opportunities to achieve economies-of-scale

= Studies of demographic data to refine outreach
methods to address community opposition issues

® Seismic hazards

® Detailed site characterization at high CCS-potential
sites

® Qutreach to policymakers to include CCS as GHG
mitigation option

Vist Coast Recionar CarBoN SEQUESTRATION PARTNERSHIP 156 @

Cross-cutting Issues that Impact Success of
CCS Commercialization

Analysis of demographic
— impacts of GHG

Integrated CCS emissions and CCS

opportunities
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Seismic Hazards

The WESTCARB Region encompasses the
most seismically active areas in the U.S.
Annually, there are over 1.4 million
earthquakes in the U.S. (M>2)

» Can we, as scientists, at this point in time, give e
regulators confidence that enough is known
about seismic hazards to permit such projects?
If so, why; if not, what do we still need to know?

Components of the Uniform California Earthquake Rupture Forecast 2

® For commercial-scale storage

wodeis [ Clcas e bodets [ Modets are we able (with what we know
Bt ot I e I e b e now) to identify appropriate
henithsndeas protocols for baseline,

operational and post-closure
monitoring, and/or appropriate
Sress ; Pronaotiy protocols for seismic hazard risk
S oxeree ——— assessment?

o fauts i reservon. & ocou duing a speciic
tme span

Components (??) of an Induced Seismicity Rupture Forecast

ke-Rate

Fault
Models

EeperRre R e s #soN SEQUESTRATION PARTNERSHIP 1 7 170 @

Integrated CCS Opportunities

® Building optimized infrastructure

— CCS planning around clusters of
emitters

— Shared pipeline or transportation
networks

— Shared sequestration sites

» Potential benefits include
Spreading risk
Economies of scale

Opportunities for focusing public
investment or incentives

- Accelerating deployment

VEsT Coast Recionar, CARBON SEQUESTRATION
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Improving WESTCARB'’s Carbon Atlas to serve

stakeholder needs

® Builds upon standard

ArcView GIS; layers:

— Major industrial CO,
sources

— Sedimentary basins; oil
and gas fields

— Pipeline networks

— Population

— Demographic information
— Political boundaries

= |nteractive tools
- Need user input

st Coast Recionar CarBoN SEQUESTRATION PARTNERSHIP

NGCC-CCS retrofit study for California

= Approximately 50 F-Class (and a
couple of H-Class) gas turbines
have been commissioned in
California since 1998

®= Which units could be considered
candidates for future CCS
retrofit?

— Supportive site characteristics for
CO, capture

— Dispatch mode and remaining life
— Proximity to storage or transport

= Working with PG&E and other
utilities, who are developing their
GHG compliance strategies

California’'s NGCC
Plants in Relation to
Areas of Potential
Geologic Storage
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Regional Technology Implementation Plan

® Captures technical and nontechnical
fundamentals learned in WESTCARB’s Phases
l, I and early IlI

® |Incorporates stakeholder input from 2010
WESTCARB Annual Meeting (THANK YOU!)

" To be completed in December 2011
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Field Characterization in California: Selected
site will assess potential in depleted gas pools

and underlying saline formations

* Mokelumne and
Starkey may
contain gas
trapped against
sealing faults ‘

*\Volumes of these ]
pools generally sm=e]
are small

* Numerous stacked sands below gas zone have high
potential as CCS reservoirs

* Intervening thick shales provide seals

* Proving injectivity and continuity of stacked sands is key
to making resource and capacity estimates
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Field characterization in Arizona will focus on
data-poor areas with high CCS potential

— Acquisition & reprocessing of existing
seismic data

— New seismic surveys

— Static geomodel development
— Characterization well drilling
— Logging

— Core and fluid sampling

* Laboratory studies of fluid-rock-CO,
interactions

+ Simulations of commercial-scale storage |

Outreach, Knowledge-sharing,
and Education

» Technical outreach includes data
and sample sharing from field
projects

» Knowledge-sharing through DOE
publications, working groups,
scientific meetings

* Knowledge-sharing to regulators
and policymakers

* Providing tools for stakeholders

* Educating the public and
communities
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