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— FOURTEENTH ANNUAL CCUS CONFERENCE —

AGENDA

Tuesday, April 28

1:30 REGISTRATION OPENS
6:00 WELCOME RECEPTION
7:00 WELCOME DINNER

Wednesday, April 29

T:00 CONTINENTAL BREAKFAST
8:00 WELCOME

Llewellyn King, Conference Chair; former Publisher,
Energy Daily

§:05 OPENING KEYNOTE PLENARY

MODERATOR: Llewellyn King, Conference Chair; former
Publisher, Energy Daily

Grace Bochenek, Director, National Energy Technology
Laboratory

OPEN DISCUSSION

10:55 Major Efforts in Supporting CO2-EOR use with CCUS

MODERATOR: Richard Lynch, International Activities

Advisor, Office of Fossil Energy. U.S. Department of Energy

Patrick Falwell, Solutions Fellow, Center for Climate and

Energy Solutions

OPEN DISCUSSION

11:30

12:30  LUNCH

1:30 CONCURRENT SESSIONS

3:30 COFFEE BREAK

350 CONCURRENT SESSIONS

5:50 CONCURRENT SESSIONS END

5:50 RECEPTION

POSTER SESSION BEGINS; AUTHORS PRESENT

T:00 RECEPTION AND POSTER SESSION ENDS

. - : ¢~
8:35 OPENING KEYNOTE PLENARY - Perspectives on the rce Advisors...
Future of CCUS/CCS
Adriana Arevale Susan Hovorka Drwight Fatars
USEA Universty of Texas Schlumberger Carban Svs.
MO DI:.R;‘\ TOR: Lle“'e!ly n King, Conference Chair: former S Nigel Jenvay e T
Publisher, Energy Daily Alberta nnovalss BF Group Technalogies. Telahe Netional Laboratory
Max Ball Bruce Kobelski
Joseph Goffman, Senior Counsel 1o the Assistant SapPower U.g EPA LEUEEY
Administrator for Air and Radiation. U.S. Environmental Meollssa Batum Krish Krishnamurthy
" ) LS. Degt. of the interior The: Linde Graup Ed Rubin
Protection Agency Carmegis Mallan University
Carl ©. Bauer Dannis Leppin
G.0. Bauar Gonsufling ing Gas Technology Imstitu George Rudi
OPEN DISCUSSION e Conang e T o makdle
Indlrajit Bhattacharya Juhe Lipponen
. Amarcan Elacinz Fowar Intamanional Energy Agancy Norm Sacuta
Franklin Orr, Under Secretary for Science, U5, PTRC
' Jackie Bird Johin Litynski
Department of Energy BirdWorks Cansuling .S, DOE Thomas Sarkus
L5, DOENETL
Thomas Brouns Chuck MeConnell
OPEN DISCUSSION FHNL-Battais Rice Univarsiy Seoll Smouse
U5, DOEMETL
Dan Cole Jon McKinnay
irector: . e Ene an Danbury Public Sandtas Commission Dasikan Sundararajan
Juho Li_pponen, Directorate of Sustainable Energy Policy, of"wesl\c'-glnla e STaTom
International Energy Agency Guy Couturiar
SNE- Lavalin e Steve Melzer Ronald Surdam
Malzer Consuling Universty of Wyoming
OPEN DISCUSSION Don DePaolo
LENL Tom Mikus Robart Van Voo rhees
0, Giobal Carban Sequestrafion Councl
10:25 A Potential Path Forward to Stimulate CCUS/CCS e« Instiute . U
Deployment— The *Bridge to the Bridge" John Gal ALSTOM Powar Wada LLC
ohn Gale
IEA GHEG RED Prog. Michasl Moore hey Whessler
MODERATOR: Richard Lynch, International Activities e NACCSA NARUG
Advisor, Office of Fossil Energy, U.S. Department of Energy Battale Grangar Morgan Nail Wildgust
Carnegie Malan Unkversity Giohai CCS Instifule
John Harju
; ’ ide e cultine University of Narth Dakota Curtis M. Olde Ban Yamagata
Steve Meleer, President, Melzer Consulting L;M_l niburg N
Rabert Hilton Coungi
OPEN DISCUSSION AL LT mhmu
Jeffrey Hopking
CIES Goorge Perldas
NROC
Y
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Wednesday 1A 1B 1C 1D
Topic Esale pian Beclormmnceflexting of EOREGR Risk Assessment | Regional and Site Characterization
Post-Combustion Carbon Capture
Moderator Carl Bauer Steve Melzer Chris Brown Fred McLaughlin
Hauer Cﬁﬁ“lliwg, Inc, Melzer calsuuing Pucific Northwest Natisnal Labsratory University of Wyoming
Location King's Garden #5 Grand Ballroom 3. GrandBallroom #4 Rivers
'l’)“ i L;‘:"— ([""_"}“ ‘:"‘I“"“ P _"u‘f'ﬁ"":rf'fl‘;”f‘ 5. Anthropogenic C0, Utilization for Enhanced {195 - National Risk ip Tools | 28 - Site C1 for Carban
1:30 rogress of Lapiure | ecinaloples Wrough FElE - o oo overy from Depleted Reservoirs - Razi |Grant Brombhal, National Eneray Technology in the Nearshore Gippsland Basin - Nick Hoffiman,
Validation - Jose D. Figueroa, National Energy N - M
- Safi, Washington University in $1. Louis Laboratory The CarbonNet Praject
Technology Laboratory
124 - Advanced Amine Process: Operations and 122 - Large Scale Tertiary CO, EOR in Mature 21 - Impuct of Wellbore Integrity on CO; Storage .
y : 29 - CarbonNet Storage Site Selection Py -
1150 Results from Demanstration Facility at EDF Le | Water Flooded Norwegian Oil Fields - Erik Site Suitability in Oil and Gas Producing Areas - Nmk‘:'ufﬁ:m B h:nz.ﬁb:ni:l o Froees
Havre - Barath Baburao, Alstom Power Lindeberg, SINTEF Petroleum Research Joel Sminchak, Batelle : !
73 - Operating Experience at the Technology ) ) )
et Mo (1t st stomts Calad |136 - Puting the U in Uslizations Developing-a |33 Brine Production Well Design or CCS i the |3 - Charactrization of Sulis Coal Basin for CO;
210 e . Business Madel Framework for CCUS - Richard |Rock Springs Uplift - Andrew Duguid, Geological Storage - Alberto Plaisant, Sotacarbo
Ammonia Process CO: Capture Technology =y 1 os Alamos Nationa! Laboretory Schlumberger Carbon Services Spa
David Muraskin. Alstom Power L ’ : ! i " e P
86 - Projest Update of the Deployment of the KM |, o Accelerating Sustainability of Diverse Future 90 - Impacts 0[1""_"‘"’3 COE_G” und Brine on 37 - Understanding Storage Potential Closed Oil-
230 [CDR Process for Coal-Fired Power Plants - Clean E: Develo h COUS - Ti Groundwater Quality: Experimental and Modeling |, Re he Michigan B N
§ Takaito Yonckawa, Mitsubishi Heavy Industrics, |- <2 Eneriey Developments though - 1 f g esults - Diana Bacon, Pacific Northwest National |- & Feeservois in the Machigan Bastn - Neeray
. " | Meckel, Gulf Coast Carbon Center - UT Austin N ’ Gupta, Battelle
Lid. Laboratory
16 - More than 9,000 hours of Experience in Plant |y gy ooy e Transition of |129 - Asountin for the Leakage Risk of Geologis 140 - Regional Characterization of the Miosens
250 {Operation and Solvent Performance with Coal and €0, EOR 1o Geoley ii Storage - Wesley Peck. (O, Storage and lis Impacts on Climate Mitsgation |Interval Offshore Texas, Gulf of Mexico for CO,
. Gas based Flue Gias ot the Siemens PostCap™ E N & Env g, ’ R” e 4 o land the Global Energy System - Hang Deng, Storage - Tip Meckel, Gulf’ Coast Carbon Center -
Pilot Plunt - Michael Hom, Siemens AG nerey & Environmental Research Center Princeton University UT Austin
91 - Stars-Up and Initial Test 1 MW 144 - Leveraged Exploration for CO, Storage
Start-Up.and Initial Testingona | MWe oy y. o of Geothermal Electricity 182 - Lessons Learned from InSAR Monitoring of | " -raged Exploration for £0); Slofge in
| Advanced Aqueous Aminc-Based POC Pilot Plant e ! > the Upper Ohio River Valley to Prepare for
ES L) Generated by Sequestered Carbon Dioxide - |Ground Deformation at CCS Sites Around the - -
for CO» Capture from Power Plant Flue Gases - N S N P N N o Commercial Scale COy Storage - Neeraj Gupta,
. Jeffrey Rielicki, The Ohio State University Warld - Giseomo Falorni, TRE Canada Inc.
Krish K. Krishnamurthy, Linde LLC Battelle
330 Coffec Break
Wednesda Ty ) ic n
Topie Advances in Carbon Capture Technologies Storage Projects RIS = st ment 2 CCUS Projects from Around the World
: = (Caprocks and Potential Leakage)
Moderator Ron Munson Tom Brouns Curtis Oldenburg Juho Lipponen
Global CCS Institute Pacific Northwest Nutional Laboratery Lanwrence Berkeley National Laboratory International Energy Association
Location King's Garden #5 Grand Ballroom £3 Grand Ballroom #4 Rivers
110 - An Overview of the U.S. DOE Carbon 7 - Sereening Considerations for Caprock 109 - The Results from the €0, Capture Projec -
350 39 - Pilot Testing of Enzyme-Accelerated CO. Storage R&D Program: Advancing Carbon Storage |Properties in Regards to Commercial-Scale Carbon{Carbon Dioxide Capture for Storage in Deep
- Capture - Louis Fradefie, CO, Solutions Inc. T ies Towards Co jion - Mary ion Operations - Michael Hannon, The  |Geological Formations, Volume 4 - Mark Crombic,
Sullivan, National Energy Technology Laboratory [University of Alabama at Birmingham BPAE
8 - Update on Mixed-Salt Technology 172 - Design of Monitoring Scheme and New |81 - Sealing Capacity Investigations of the 95 - European CCS Demanstration Project
o . S " Network: Experiences from CCS Project
Development for €0, Capture from Post- Manitoring Progress for Shenhua CCS Project in - [Multiple Confining Layers at the Rock Springs :
£10 ; . . Sl Development - Lessons Leamed for Creating @
Combustion Power Stations - Indira Javaweera,  [China - Xinglei Zheo, Nationul Institute of Clean  |Uplift Geologieal CO, Storage Site - Zunsheng
SRI International and Low Carbon Energy Jiao, University of Wyoming Low-Carbon Economy - Zoe Kapetaki, Global
N ¥ 8 CCS Institute
Capture from NG-fired Power Plants N . . ‘ )
7- ]nru.gr.mng CO; Capture, Urilization, and 84 - Quanitative ets of CO, Injection 97 - Asscssment of Whale-Chain CCS Operating
£ 143 - Amine Sorhents for Capture of €O, from | 0e¢ o the Glabal Change Assessment Model:| o "o o ore Larpe Seale €O, Storage - Yann || occdures: Case Study of the Peterhead CCS
N ! " N 4 e Using OOy 1o Produce Eleetricity from Geotlermal < Gallo. G ) N : Project - Adekela Lawal, Process Systems
Natural Cias-Fired Power Plants - Jie Yu, The - fp . ocec . Julia Deitz, The Ohio State University |- 00 10: Geogreen Enterprise Ltd
University of Akron
118 - Selective Exhaust Gas Recirculation 170 - Subsea Geologic Storage in Continental 185 - Leakage Characterization through Above  [152 - A Review of Shell Quest CCS Project’s Pre-
50 Integrated in Combined Cycle Gas Turbine Power [Shelves - Global Research Needs, Potential, and [ Zone Monitoring Interval: Ungertainty Injection Feasibility Studies and Monitoring
- Plants with Post-Combustion Capture Technology -| Technical Issues - Susan D. Hovorka, Bureawof  |Quantification and Sensitivity Analysis - Argha  [Programs: Key Outcomes and Implications - Luc
Laura Herraiz, University of Edinburgh Economic Geology MNamhata, Camegie Mellon University Rock, Shell Canada
Air Capture
26 - An Updated View of the CO; Sequestration  [161 - Effiect of Natural C0; Alteration on Seal {139 - Implementing Carbon Capture and Storage:
. . . Capacity and Potential for CO,-EOR in the Major [Capacity of Shale Caprock: Observations from the [An Overview of the Plains CO; Reduction
10 - Stratepies educing the 4
68 - Strategies for Reducing the Cost of Ait ——py et Giifields of Ohio - Jared Hawkins, Crystal Geyser Analog - Jonathan Major, The | Partnership - Charles Goreeki, Energy &
Capture - Christophe Jospe, Center for Negative A . ) X i e
. o Battelle University of Texas at Austin Environmental Research Center
Carbon Emissions
78 - Kinetics Enhancement of Absorbents for CO; (76 - Utilizing Surface Treated Nanoparticles for
5230 Capture from Atmosphere by Porous Material - |Improved Geologic Carbon Sequestration - Roy
Jun Liu, Zhefiang University Wung, The University of Texas
550 [Recoption
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— FOURTEENTH ANNUAL CCUS CONFERENCE —

Thursday, April 30

10:15 The Global Status of CCS Projects

7:00

8:00

CONTINENTAL BREAKFAST

OPENING KEYNOTE PLENARY

A Perspective on CCS/CCUS in the West

MODERATOR: Llewellyn King, Conference Chair; former
Publisher, Energy Daily

Dave Freudenthal, former Governor, Wyaming

OPEN DISCUSSION

#:30 Update on International CCS Standards

MODERATOR: Llewellyn King, Conference Chair; former
Publisher, Energy Daily

MODERATOR: Krish Krishnamurthy, Head of Clean Energy-
Technology Development - Noarth America and CCS, Linde

LLC

Neil Wildgust, Principal Manager — Geological Storage.

Global CCS Institute

Ron Munson, Principal Manager

COCS Institute

Carbon Capture, Global

Luc Rock, Quest CCS Project, Shell Canada Limited

James E. Allen, Assistant Deputy Minister, Electricity and
Sustainable Energy Division, Government of Alberta -

Alberta Energy

11:15 Fossil Forward - Bringing Scale and Speed to CCS

Kipp Coddington, Dircctor, Carbon Management Institute,
University of Wyoming

OPEN DISCUSSION

9:00

S0 Far

ROUNDTABLE: Evaluating the Class V1 Well Experience

DISCUSSION LEADER: Bob Van Voorhees, Exccutive

Drirector, Carbon Sequestration Council

Mary Rose Bayer, Geologist, U.S, Environmental
Protection Agency

Tyler Gilmore, FutureGen UIC Permit Lead, Pacific

MNorthwest National Laboratory

Scott MeDonald, Biofuels Development Director, Archer
Daniels Midland Company

OPEN DISCUSSION

Deployment

MODERATOR: Llewellyn King. Conference Chair: former

Publisher, Energy Daily

Janet Gellici, Executive Vice President and Chief Operating

Officer, Na

ional Coal Council

11:30 POSTER SESSION BEGINS; AUTHORS PRESENT
12:300  LUNCH

1:30 CONCURRENT SESSIONS

330 COFFEE BREAK

3:50 CONCURRENT SESSIONS

5:50 CONCURRENT SESSIONS END

5:50 RECEPTION

T:00 RECEPTION AND POSTER SESSION END

Thursday A B 3C 30
Topic Sorbents for Carbon Capture EPA Regulations Modelling and Processes CO, Transport and Infrastructure
P Hari Mantri a Caitlin McNeil Todd Schael Liewellyn King
Carnegie Mellon University telle Pacific Narthwest National Laboratory ExchangeMonitor Publications & Furums
Location King's Garden #5 Grand Ballroom #3 Grand Ballroom #4 Rivers
23 - Optimised PEI Impregnarian of Activated 168 - ssuance of the Nation's First UIC Class VI yg_ oy crization of Mineral Trapping within |85 - IMPACTS: The Impact of the Qualiy of €0
(Carbons - Enhancement of CO, Capture Under [ Geologie Sequestration Permits: Lessons Learned - | Mine "
130 " ment o ! " | Fractured Basalts - Daniel Giammar, Washington |on Transport and Storage Behaviour - Danig]
Post-Combustion Conditions - Antonio Salituro,  |Jeffrey McDonald, U.S. Environmental Profection PR N
. University in St. Louis Loeve, TNO
University of Leeds Agency - Region 3
49 - Development and Testing of Aerogel Sorbents 1 0?“"““‘ "hc e Clm w.Pcm"“ for 42 —IAqumowu M"_dc.‘ CM_"’M‘?" and Reservoir 66 - CO. Compression Train Operational
FutureCGen 2.0: Challenges, Timeline and Lessons  |Performance Prediction Using Step Rate Test and X . . .
1:50 for €O, Capture - Redouane Begag, Aspen ! e P manee e Procedures within a Flexible CCS Chain - Mario
P Learned - Delphine Appriou. Pacific Northwest  [Spinner Logs - Si-Yong Lee, Schlumberger Carbon | 7098 U WL S Forine b H
erogels, Inc. National Laboratory Services alado, Process Sysiems Enierprise
100 - Evaluation of CO; Capture from Existing 175 - Issues Over Final Class VI Permits for 11% - CO; and H,0 Interaction with 105 - Carbon Capture and Starage Cluster Projects:
2:10 Coal Fired Plants by Hybrid Sorption Using Selid  Geologic Storage - Robert Van Voorhees, Carbon - |Montmaorillonite Clays - Lei Hong, National Review and Future Oppaortunities - Tim Dixon,
Sorbents - Dan Laudal, University of North Dakota Council Energy Technology Laboratary IEAGHG
Anthropogenic CO; as Feed
- Ev . v e Ingredient/Ind/Ag Proces
179 - Bench-Seale Testing of a Physical Sorption |52 - Implications of Recent and Expected EPA 123 - Evolving Geochemisiry of Lower Tuscaloosa
N g e e Formation Brine in Response to Continuing CO,
30 Based OO, Capiure Process - Ravi Jain, InnoSepra |Regulations on the Development of CCUS - Dina I P . .
' Injection at Cranficld EOR Site. Mississippi, USA {134 - Reversing Combustion - David St. Angelo,
LLC Kruger, Kruger Environmental Strategies LLC 5 . X e
James Thardsen, LS. Geological Survey Joule Unlimited Technologies
171 - Merging Experience from Regulation of 135 - Geologic Modeling and Simulation at the
167 - Development of Fluidized Bed CO, Caprure Merging Experi | Regulation of 1 o1 istore Site: A Guide to MVA Deployment - |87 - ENN - Algac to Fuel in China - Minsheng Liu,
50 ~ ~ Injection with New Needs for Storage Certification = -
Process - Erik Willett, The University of Akron o Wesley Pock, Encrgy & Environmental Rescarch | ENN Group
- Susan D. Hovorka, Bureau of Economic Geology Center
168 - Update and Implications of Proposed €05 |\ i i Notural Gos Reservairs | 1F9 7 COnVeTting CO3 from Challeng 10 Economic
310 Regulations for New and Existing Electric e 10 CO-CH, Mixing - Curtis Oldenburg, Opportunity: Are Algae based Technologies Ready
Generating Units - Erie Grol, National Encrgy [ 2 0 0 e ot o Deliver, and Can Federal Policy Pave the Way” -
Technology Laboratory e £y Satlonal Labactiooy Matt Carr, Algae Biomass Organization
3:30 (Coffee Break
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Thursiduy 44 4B 4C 4D
Risk Assessment 3 Techno-Economics, Markets, and Policies
Topic Pre-Combustion Carbon Capture EOR/EGR: Shale Session N R " N
L P (Gesmechanics, Induced Seismicity) Impacting CCUS 1
Moderator Bruce Kobelski Neil Wildgust Abby Harvey
S, Eaviranmental Prorection Agency Global CCS Institute ‘GHG Redustions Technologies Manitor
Lacation Grand Ballroom £3 Grand Ballroom #4 Rivers
24 - erizati i
173 - Efficient Pre-Combustion €0 Capture via :!akkecr\h;’:ri:rc:‘;:l:!::::‘lw E\:Q(I‘I(Igu:(l:::‘}::nd |71 - Induced Seismicity Monitoring at the Decatur, (183 - The Funding Model of Alberta’s Carbon
350 Parous Organic Polymers - Ruh Ullah, Qatar Y Uz Storag IL, €05 Sequestration Demonstration Site - 1. Ole |Capture and Storage Projects - Chad Leask,
University Enhanced Oil Recovery - James Sorensen, ENCTaY |y o 47 ¢ Geolagical Survey Government of Alberta - Department of Energy
A & Emvironmental Rescarch Center ' el
43 - Hydruphobic, Physical Solvents for 138 - Deployment Potential o Shale-Based CCS- 5y g jgcale Geochemical-Mechanical 184 - €O, Liability Management in Alberta - Chad
F CO; Capture: E & in the U.8.: Implications of Novel Experimental, N Ny
410 . ) . ; y i . Approach to Analyze CO, Reservoirs - Ba Nghiep |Leask, Government of Alberta - Department of
Techno-Economic Analysis - Nicholas Siefert, Simulation and Economic Analysis - Casic Nguven, Pacific Northwest Naticnal Laboratory | Ener
National Energy Technology Laboratory Davidson, Pacific Northwest National Laboratory | 200 FocE b ¥ ergy
127 - Constraining Injectivity of Knax Group. 10 - Investing in A4 et US,
04 - Experience in Chemical Looping Combustion |12 - Infrastructure and Supply Curves for Carbon | Formations with Varying Depih Across the D .'Jr”l";:["EI‘E .;"‘"”L‘::n ;“‘*‘d;n orfice
430 with Metal Oxide Cartiers - Geo Richards, Dioxide Storage in Shale - Jeffrey Biclicki, The | Northem Appalachian Basin Using Coupled Fluid |7 @1 Eiery roarams OHfice -
N N . - . Sydney Schneir, U.S. Department of Energy Loan
ational Energy Technology Laboratory Ohio State University Flow-Gieomechanics Modeling - Samin .
4 Y e 8 . Programs Office
Raziperchikolace, Battelle Memorial Institute -
Process and System Simulation
101 - Shale Core Apparent Permeability 153 - Evaluating Risks of Induced Seismiciy for || Scemarios in which New Base.
w50 131 - Chemical Looping Combustion for Pre- Characterization with CO, Injection Under Stress- |COy Geological Storage in the Arbuckle Saline um; (_::;':::':[ ;Z"?;Lfrl;:dc:tﬂ.;“‘; l?‘:; ~
) Combustion CO, Capture - Effect of Different Controlled Condition - Shimin Liu, Penn State Aguifer, South-Central Kansas - Yevhen » i . 8\
N . - Dave Schmalzer. Argonne National Laboratory
Oxygen Carriers - Hari Mantripragada, Camegie | University Holubnyak, Kansas Geological Survey
Mellon University
4 - Process Simulation and Maximization of
Energy Output in Chemical-Looping Combustion |89 - CO, Storage by Adsorption on Organic Matter, 106 - Fuel Technalogy Diversification Under a
S0 (CLC) and Chemical-Looping with Oxygen and Clay in Gas Shale - Diana Bacon, Pacific (CO. Emission Intensity Standard - Donald Hanson,|
Uncoupling (CLOU) using ASPEN Plus - Xiao Northwest National Laboratory Argonne National Laboratory
Zhang, Washingion University in S Louis
67 - CCS System Modelling: Enabling Technology |181 - Differences in Adsorption Behavior for
1o Help Aceelerate Commercialization and Reduce | Three CCUS Pilot Tests in Unconventional
5:30 Technology Risk — A Case Smdy on the Operation |Reservoirs of the Central Appalachian Basin and
of CCS Networks - Mario Calado, Process Systems| Implications for Enhanced Gas Recovery - Ellen
Enterprise Ld Gilliland, Virginia Tech
5:50 Recoption

— Is CCS/CCUS Ready for ‘Prime Time’:

Friday, May 1

700 CONTIN

£:00

TAL BREAKFAST

OPENING PLENARY ADDRESS

MODERATOR: Llewellyn King. Conference Chair; former Publisher, Energy Daily

Barry Worthington, Exccutive Director, ULS, Energy Association

OPEN DISCUSSION

8:30  The U.S, National Carbon Capture Center at Southern Co.—Fa

MODERATOR: Bob Wright, Senior Advisor, Office of Fossil Energy, U.S. Department of Energy

tating Deployment, Domestically and Internationally

John Northington, Assistant Director, National Carbon Capture Center9:00  The View of CCS/CCUS in the Global Climate Picture

MODERATOR: Bob Wright, Senior Advisor, Office of Fossil Energy, U.S. Department of Energy

Tim Dixon, Manager Technical Programme and Manager CCS and Regulatory Affairs, IEAGHG

B30

CLOSING PLENARY: The Outlook for CO; Capture Costs

MODERATOR: Llewellyn King, Conference Chair; former Publisher, Energy Daily

Edward Rubin, Professor Engineering and Public Policy and Mechanical Engineering, Carnegie Mellon University; Member of the
LN, Intergovernmental Panel on Climate Change

10:15 COFFEE BREAK

1030 CONCURRENT SESSIONS

12210 CONFERENCE ADJOURNS

® 2 CCUS-14 ¢
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Friday S5A 5B 5C
Techno-Economics, Markets, and Policies
Topic Protocols/Standards N ! MVA
Impacting CCUS 2
Moderator Abhy Harvey Llewellyn King Jinesh Jain
GHG Reductions Technologies Monitor ExchangeMonitor Publications & Forums AECOM
Location King's Garden #5 Grand Ballroom #3 ‘Grand Ballroom #4
177 - Prospects for Congressional Action 125 - Update to Cost and Performance Baselines |12 - A Process 1o Develop a Preliminary
10:30 Affecting CCS/CCUS - Fred Eames, Hunton & for Fossil Energy Plants - Timothy Fout, National |Measurement Monitoring and Verification Plan -
Williams LLP Energy Technology Laboratory Wade Zaluski, Schlumberger Carbon Services
108 - Maintaining Power Quiput with the Addition |25 - Technical Advances and Cost-Effective
14 - Update on the London Protocol — of CO; Capture: A Techno-Economic Assessment |Monitoring: Results from a Case Study of Sensor
10:50 Developments on Transboundary CCS and on of Integrated Retrofits with Sequential Development for a New Process-Based
Geoengineering - Tim Dixon, IEAGHG Combustion of Gas Turbine Flue Gas - Maria Monitoring Method - Katherine Romanak, The
Sanchez del Rio, University of Edinburgh University of Texas at Austin
115 - Pre-Injection Comparison of Methods for
104 - A Carbon Capture and Storage Offset o - o [k e njection Lompe Hhods Tor
; 187 - Understanding Market Supply Competition |Sampling Formation Water and Associated Gas
Protocol for Regulatory Use in Alberta - Shan N 3 . . - - . -
1n:10 = N . for Anthropogenic CO, from Natural CO, - from a Characterization Well at a CO, Injection
Pletcher, Government of Alberta, Air and Climate . . . - e e I s
Change Policy Michael Marquis, Enegis, LLC Site, Citronelle Oil Field, Alabama - Christopher
Conaway, U.S. Geological Survey
Environmental Concerns
117 - Numerical Assessment of Monitoring
1030 34 - Qualifying Amine Based Capture Network Efficiency for CO, Leakage Detection: A
i Technologies with Respect to Health and Case Study at a CO,-EOR Site - Changbing Yang,
Envirenmental Properties - Laila Iren Helgesen, Bureau of Economic Geology
Crassnova SF
70 - Emission Results from Amine-based Post 150 - Design of Groundwater Monitoring Strategy
11:50 Comb i CO; Capture Pilot Plant - Merched Post-Baseline: Example — Quest - Luc Rock, Shell
Azzi, CSIRO Canada
12:10 Conference Adjourns

® 2 CCUS-14 ¢
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3. A% CCS# R RR

3.1 & B ®CCS # B Rim

W% CCS # & »#£31 2015 # 5 " 25 55 B~ RiEpyf 7K &3
(Large-Scale Integrated CCS Projects, LSIPs ; LSIPs = & : 1. #-%>0.8
Mt-CO:/yr 22 22% T B ~ 2. #3504 Mt-CO/yr 22 2 E 311 £k > ¢ 35X R F
TR D AR ‘3% 23S AR S ) CO 4 #aBa £ 100 Mt-CO/yr - #
? 513 lﬁ’iﬁxﬁﬁﬁﬁ@perate)r B CO 4R iE 2TMt-CO/yr ~ 9 B34 it
» iz 33 (Execute) FF £~ > CO 4 52 F 8 Mt-CO/yr ~ 14 B3+ % & » K 3+ (Define)
PR COH 28 i 23 Mt-CO/yr ~ 19 B4 et 5 P RAIHEE (=7 Evaluate
fr#z_ldentify FFfc ) > CO 4 # 2 & 37 Mt-CO0:/yr - 8224 55 i LSIPs 23+ % &
B4 p 0 0 ie 22 1B LSIPs i~ 8 ~ 2@ L R Ar B2 - E
4e 50% > Bgor LSIPs # B H A Rt frikbrdd » 25k m R EFFE o

FRERER COit i~ B> 4c F 8B CCS 't 5oz (EOR 3 A% F #10)
SHFEAF o 2 F CCS-EOR #itre 4p% =8 > Py 7% LSIPs &g ¢ > CO:
FHREZ20M-CO/yreo Mz EETRTE FMYTE LR § 1 72T o
HRFEFRIFNB RS FHFHAFE Mg CCSFr#ABEDF 0
{7 EOR i*¥ > p =3 3 B LSIPs i& » 3k 3+ (Define)rg £ » COz fFHELL 8
Mt-CO:/yr » g3 2019 & B 40388 o« (R FIRIP 42 2 X 2% Bt B %J A
B o B CCS Fjirs-5 Bb bsfd ﬁla SIS A S xkﬂé» NHEME 2
HAETERNA PG 1B LSIPs i r 223 (Execute) s £ 0 CO 182 £ 4
Mt-CO:/yr > g3 2016 & B 45388 o p AP F €30 Mpt el 3 2 (8% > A 3
FEAZZ2HITFAFRE P WA T E AR e ST SR 2
THRFPEFTE FTA AL F3H2016~2018 #3417 0. 1 Mt-CO/yr /i385 » &
A iR CO.TRI 2020 F K -

2®DOE ¢ 22> 7 B Regional Carbon Sequestration Partnerships < %
F L% CCS:F »:+3% ¢ ¥ Phase 1 : Characterization~Phase 2; Validation °
i& » 7] Phase 3 : Development F¥&i o £ % 2015 # 3 7 R L4 H BB 40T ¢
1. Big Sky Carbon Sequestration Partnership : Kevin Dome project s g 3+

2015 & & 17 CO il L85k ©
2. Plains C0O: Reduction Partnership : Bell Creek Field project » @ /&1

1,660,570 t-CO:; Fort Nelson project » i@/ ZFF R & A 2BIFEE o
3. Midwest Regional Carbon Sequestration Partnership : Michigan Basin

Project » © i#:1 346, 243 t-C0: -

4. Midwest Geological Sequestration Consortium : I1linois Basin Decatur
project » © #;1 999,215 t-CO: ©
5. Southeast Regional Carbon Sequestration Partnership : Citronelle

7



project » © i#;1 114,104 t-CO:; Cranfield project > = ;&% 4, 743, 898
t-CO; °

6. Southwest Regional Carbon Sequestration Partnership : Farnsworth Unit-
Ochiltree Project » © i&;x 259, 739 t-CO: o

7. West Coast Regional Partnership : Kimberlina project » & % it -

F CCS = o AL 20N > B~ a2 C0: ¥ & Jf i 7057
FRAoR R F A o FINEORRE R i e HOEREY 2 XA E 0 e R
Sleipner CO: storage project ~ ¥ = Snghvit CO. storage project ~ I f %
413 In Salah CO: storage project » 2 & % &3 2. - k7|3 % % > 40 2 K
Lacq CCS pilot project ~ & B Ketzin CCS pilot project % ;£ Otway project
POEEF R ek o CORIRA K K T AR e B R o

poa g 3 i » 2 id (Execute) Ff B2 LSIPs ¥ 3238 (7 3 (RN K & & B 4
7 1 4v £+ Quest project » CO 4 #8 & i 1. 08 Mt-CO:/yr > Fg3- 2015 & 9 * &
40388 ~ 2 ® [1linois Industrial Carbon Capture and Storage project °
CO 4 #2 & £ 1 Mt-CO/yr> 353+ 2015 & B 438 & » 2 ;2 Gorgon carbon dioxide
injection project » CO:4f & £ 4 Mt-CO/yr » g3+ 2016 & B 4>F 8 o ¥ ¢ »
7 6 B~ K3 (Define) ez LSIPs /e T iR B R R N 6200 f & (7417
¢ 3% 4 #F ROAD project~ % B FutureGen 2. 0 project~+c £ = Spectra Energy’ s
Fort Nelson CCS project ~ & &® Don Valley power project ~ # K Peterhead CCS
project * & K White Rose CCS project:izit 2+ & g2+ 2017~2020 & B h-i& 4
BN PR B R Gk B AR DA PR TG0 R

.2RAI;MFECCSHEFEERR

TAMMPIEN RS EFTARL 3 B LSIPst 1. 4 £ + Saskatchewan -
SaskPower company’ s Boundary Dam **%% % A 2. Boundary Dam Integrated
Carbon Capture and Sequestration demonstration project @ 110MW ~ CO: 4 45_
i1 Mt-CO/yr> 2 3t 2014 & 10 * B4 > d %5 2 R e ka S B3R
W H S "Lr#p” #2 CO: f*“ Weyburn i& 7 EOR~ #1438~ 2_ CO. R * »* Aquistore

project 2 iR -k A 3 Fair sk 0 A R% e 2 2015 £ 4 7 B gL
g m L 4'1“ B E P EE S 1,000t/% ~ 2. F W Mississippi - Southern
company’ s Kemper County **°’% % B2 Kemper County Energy Facility

(formerly Kemper County IGCC project) : 582MW ~ CO: 4 # & & 3 Mt-CO:/yr >
FEt 2016 &+ X E R BARER 0 L ATE T RBED R i C0p -t
** EOR ~ 3. # ® Texas - NRG Energy company’ s W.A. Parish Petra Nova %%

% % B2 Petra Nova Carbon Capture project (formerly NRG Energy Parish
CCS project) : 250MW ~ CO: 4f 45 & 3£ 1.4 Mt-CO/yr » g3+ 2016 & T X &£ & F 4>

8
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) T R RER L ATA SRS S I L o aE iz 00, %% 1 BOR -

yebo pwg 9 BT AP LSIPs i » 3+ (Define) iy & 0 CO 4 5 & £ 17
Mt-CO:/yr » Fg3+ 2017~2020 & B 438 & - 3 <T@ pF 42 ¢ # W FutureGen 2.0
Project 2017 & ~ # K Sargas Texas Point Comfort Project 2017 & ~ &7
Rotterdam Opslag en Afvang Demonstratieproject (ROAD) 2017 & ~ @ =
1% Sinopec Shengli Power Plant CCS Project 2017 # -~ # & Hydrogen Energy
California Project (HECA) 2019 # -~ # K Texas Clean Energy Project 2019
# ~ ® & Don Valley Power Project 2019 # -~ # B Peterhead CCS Project 2019
# ~ = ® White Rose CCS Project 2020~2021 & -

CCS e # >+ 4 0 e &4 F 3 » SaskPower Boundary Dam %%% & B CCS 3+
2232014 % 10 P48 R 25— BATRAARERY CCS2 26 H4A
KT FFERELERGH > PHRAFECSTIFZ T AP AR COeft2c2 2 1

AT B IR SRR R HOE O (e RE E R R E 2 R
Hd)e 2% - BB E < RPcEEY CCSHrz P iam s « o R-[7 5§ 448
B¢+ Abu Dhabi CCS project » @ *t 2013 # * X & g 42 > CO H a2 0.8
Mt-CO/yr » 33+ 2016 & B 4>38 4% o dwd ¥ 5 CCSH R 21 ¥2 - > » a4
B REHT S B0 COdt o 1 P (e b 2R EIMF R4 ) 7 2
25% 0 2 g3t 3 2050 & 1 EIn CO ki e ¥ 60% (IEA, 2014. Energy
Technology Perspectives) o ¥ » VR H IR Gl i CO 3 » 2% @ 357
R GEARENRE 2 20%(H 3 EeET A B
AR LR CO ez DO%CE 4) » Flet » ¥ amdh ¥ > £ 7 h (0SS 7 A
kerjpfty 4 ERE Lo
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3.3 US DOE A4f & #is B mim

feheng KB - F MREREAAKRE § P L P AT 2040 £ pF >
g kB INE 50% 4B 5 T e

Flo R B2 8 b OS FRFWAER LG AL
Post-Combustion ~ Pre-Combustion * Oxy-Fuel = #& - Post-Combustion % %%
R VR ERRE RS SR F B CO s TR E R CO: A d ko
Pre-Combustion &z %' 4f i W LG f C BAF oA B 18 L #-CO A 3 & ~
&2 F £ 2% 7% » Oxy-Fuel F E § O, A E i R AF e AR B 1S R B CO:

MR~ EFF L FET P w RWEAES L2 Post-Combustion 5 & g3 B
El o
Energy Demand 2012 Energy Demand 2040
95 QBtu / Year 106 QBtu / Year
83% Fossil Energy 80% Fossil Energy

+12%

United States

Nuclear Nuclear
9% 8%
Renewables Renewables
9% 12%
5,290 mmt CO, 5,599 mmt CO,
530 QBtu / Year 795 QBtu / Year
82% Fossil Energy 80% Fossil Energy
Nuclear
5% Nusc;:ar
Renewables
14% Ren:\évnzbles
31,615 mmt CO, 45,951 mmt CO,

B O ivihg fer- § b pipacg
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COerff B F F R BDERBEFER I %K Z Lﬁ»% T om # R RHE
Féfﬂ?F'“‘#%ﬂt R ST Y ANV S E - Sl
Fnf TR S R S féfm%ﬁe i i wfse Th k4 WL A
"’5#?#’Uiﬁfmﬁ B AL R RS D i
$100USD/Tonne 12 + > B a0 ¥ 474 ¢$60USD/Tonne T+ 0 ARV E R
$40USD/Tonne ™ = (®] 6) -

Capture Program Development Path
Performance Improvement & Scale Up Drive Costs Down

/Laboratory- & Benchx / e plstisaile \ / Demonstration-Scalew

Scale Slipstream - Variable operating co.nditions
- Simulated operating conditions Re3)oparating conditions - E(xter_lde"d duratl)on
- i B typically years
Sho(::ul:;jg::s;e“s - Longer duration tests - Demonstrate integrated full-
- Proof-of-concept and iEEks months) scale; Minimal risk
parametric testing - Lower risk ) commerecial application
ek ek - 5,000 to 100,000 scf per minute - €O, Utilization/Storage

-0.2 to 1,000 scf per minute \ 1.0 to 25 MWe —> TRL: 5-7 j Project(s) — 50 to 500 MWe
up to 0.5 MWe —> TRL: 2-4 \ —> TRL: 7+ /

5 MW Oxy-combustion Pilot

1MW Solvent Pilot
(Alsmm)

(Neumann)

25 MW Solvent Heat Integrallon
{Southern Company)

Now Future
(>$100/Tonne) - (~S60/Tonne) - (<S40/Tonne)

W 6 0. 3 $i bk 77 58 A2 3 22 540

12
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Post-Combustion &7 & Fara 5 ¢ 3 HIsdc ~ B A ST B s T s it~
e gpieR o L g gk Pﬁiwﬁﬁﬁpﬁﬁ%ﬁﬁ%@7i

AARBACFR T §F A A A U Tk
BE i F B HRF - ;;- 21 Mo el 4 pEAEE chBa B o

P OM L A S A R SR R AR S - MR
ZFRHF CO e d 'fr}&rg COE M ~ ik _Fi' P'?' FESE R # B Ee ] o

AREER| D E RS A s wr TR L B fof WERE DR

e A L -

Post-Combustion Research Focus

Research Focus

* Low-Cost, Non-Corrosive Solvents with High CO, Loading
Kinetics, Low Capacity, Improved Reaction Regeneration
Energy, and Degradation Resistance

* Process Intensification/Heat integration

* High Performance Functionalized Solvents

* Catalyzed Absorption

* Phase-Change Solvents

* Hybrid Systems

* Cryogenic Capture

Key Technologies

* Low-Cost Base Materials, Thermal and Chemical Stability, Low
Attrition Rates, Low Heat Capacity, High CO, Adsorption
Capacity and High CO, Selectivity
* Process Intensification/Heat integration
Sorbents * Novel Processes Equipment and Configurations
* Structured Solid Adsorbents (eg., MOFs)
* Hybrid Systems
* Enhanced PSA/TSA

* Low-Cost, Durable Membranes with Improved Permeance,
Selectivity, Thermal and Physical Stability, and Tolerance to

Membranes e

* Novel Process Conditions
* Nano-materials

+ 2nd Generation Technology * Transformational Technology

BT REGFRSTER
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Pre-Combusion 73 & B the 84 5 BT ~ Sofol] ~ A 3EWE &
B 6 L Rieind 2 A i AR C0F i B kot v e 0 A
FRE S § g B4 T ool > 6 £ 5% PSACE B i) @Wid 8 & Hfr CO:
AMER e R AR i o ed BB A T ERER I R E
R ERASTE(RS) .

Pre-Combustion Research Focus

Key Technologies Research Focus

* Advanced Regeneration Process to Produce a High-Pressure
CO, Stream

* Increased Selectivity for Maximal H, Recovery

* High temperature operation to maintain warm syngas

* Dual Swing Absorption/Regeneration Cycles

* Hybrid Systems *

* Cyclic PSA Producing High-Pressure H, and CO,

* WGS/CO, Separation Process intensification for High
Efficiency Impact

* Hybrid Systems

* Membrane Materials: High-Temperature Polymer, Dual- *
Phase Carbonate-Ceramic, Pd, and others
* Silica Molecular Sieve
" * Gas/Liquid Contactor
* WGS/CO, Separation Process intensification for High
Membranes Efficiency Impact
* High Density and Pressure Nano-Scale Membranes
* High-temperature/high-pressure seals
* Process Intensification
* Hybrid Systems

« 2" Generation Technology * Transformational Technology

B8 s s g £
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Post-Combustion & % & » # @ = % it &3 & jc > — B ¥ Ffserritd > - B
AN T Ok § % 2w § E Post-Combustion ; Pre-Combustion #7j
B o

Carbon Capture Small Pilot Projects

orme Proje 0 : 0 0 o

Post-Combustion Solvents (6)
Linde, LLC Slipstream Novel Amine-Based Post-Combustion Process 1 MWe $22.7M Complete
Neumann Systems Group, Inc Carbon Absorber Retrofit Equipment 0.5 MWe $9.2M Complete
[Southern Company Services Waste Heat Integration 25 MWe $15.6M Complete
University of Kentucky Slipstream Demonstration Using the Hitachi Advanced Solvent 0.7 MWe $21.4M Early 2015
General Electric* Novel Aminosilicone Solvent 0.5 MWe $5.7M Late 2015
ION Engineering* Amine Solvent in lonic Liquid 0.7 MWe $10.0M Late 2015

Post-Combustion Sorbents (3)

IADA-Environmental Solutions Solid Sorbents as Retrofit Technology 1 MWe $22.9M Complete
|TDA Research, Inc. Alkalized Alumina Solid Sorbent 0.5 MWe $5.9M Late 2016
ISRI International Novel Solid Sorbent 1 MWe $12.9M Late 2015

Post-Combustion Membranes (2)

Membrane Technology & Research Polymeric Membranes 1 MWe $18.8M Complete

Gas Technology Institute Hollow-Fiber-Membrane Contactor with aMDEA Solvent 1 MWe $12.8M Late 2016
Pre-Combustion (2)

ISRI International CO, Capture Using AC-ABC Process 0.1 MWe $5.7M Mid 2015

[TDA, Inc. High Capacity Regenerable Sorbent 0.1 MWe $9.9M Late 2015

B9 COu4 il 217 Rt K
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NCCC(National Carbon Capture Center)% & miw :

e oo CO: 3 it 9 R 3# K %6 42 (B 10) > Post-Combustion #Z &h
Post-Combustion Carbon Capture Center(PC4)z% s B = © i 4. 3MWe 4iC > &
BlFEPER e 2 28000 ) pF o = Rl S AEM 3 8 B Pilot-scale &
(0.2~1. 0MW) > 6 % bench-scale &(0.001~0. 05MW) > i 55+ 3 10 B 2 v=3
AR SR ~ 1 BT R AR SR ~ 2 BRI e AR 2 B R
A~ 1 B CO:4 3% % » Pre-Combustion % * © £ 6. 3MWe *Rir > SR PFFE
21000 -] pF o

o
National Carbon Capture Center

¢+ 5 year $150MM )
. =$100MM Capture Funding =
Pilot Solvent Test Unit 'l TRIG Gasifier
= Independent Test Facility ’
Post Combustion ¥ =Supports Capture & : Pre Combustion
B Gasification
PC4 Facility — 4.3MWe p{" X . 5 6.3MWe Trig gasifier

Real PC flue gas o ¥ - o~ Air- or O, fired syngas
Bench through pilot scale < ; . Bench through pilot scale

~28,000 hours of testing p— i ~21,000 hours of testing
15 Technologies tested = 3 i s 13 gasifier runs

“Tech-Flexible” & . '. “Tech-Flexible”

Cloup Peak ~ “uminant I8

e -

— World Class Carbon Capture Technology Test Facility —

B 10 NCCC # CO: 4 FaFatrip] 783K 6
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3.4 CCP(Carbon Capture Project)4a# CCS & & &2 B ¥

CCP M i it
CCP = =+ 2000 & > CCP 5 B <~ sw ih o> & ch g xr% P T A BRI R F
AFEHZRRRY OEFRET - BT oo KB EL 2P T (S A
Hh o
L@imﬁﬁﬂﬁwﬁé%iWﬁ%%%ﬁWiﬁgiﬁﬁ%ﬁ%%gﬁ»
F TS R ¢ 7 A 2 7RATE 60 B F AR oR 3 B 4E o H #0 OCS & B o0
FEoo a A AT A (CSLF) #r3nw e

CCP# &2 4 R#IT
CCPHzBiine 3¢
® C(CCPlrFf @ A &4 CCSHMTT M T 1L v o
& (CCP2ref ™ BB#E
® C(CP3rsé * FE ™ iy 2% (B11) -

. “Field/plant access for pilot/demo’s”
“Project Delivery Focus”

“Mid TRL level technology
“Company Expert Collaboration” development”

2000-2004 2009-2014

2004-2009 4
Demonstration
phase

Screening/proof
of concept

Intensive
development

“Independent Verification of

“Global network of external
Cost and Performance”

partners”

“Technology Agnostic”™ “Effectively managed and run”

B 11 CCP3 4% 28 Eix

CCP3 3+ & =ik

CCP3:&d MTw B iF@fES > T F *g 3= 2 e AT o e CCS A4 =
I G sl £

R ERSEFE 0 $E 8T EF @ 209 B3

F LR HF R0 A o

2. REGERZHZBOM)®E:# B 27 % 2852 TR C0eh 2 o

3. F XA WA e ucfld Bk < L R GUAMp BRI s TRGR S
iR R 0 v M T E 2 R o

4, AWM M FMHD AR FL Y HERPFALLEL T AR
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CCP3 # 413" % (CCP3 Capture Program)

Wb By A A (FCO S 20900 R & CO 4 ik X 1k 20%-30%
Hd FF ey BT £ FCCARA chptif & P o 27 P v el o
B BB o A EE B B B FITG A B AR T B Rl
B FAZE 22 BEP-An B dd G AR A 2 S o

ERRIREFT RS SEEIEF PR Z IR S Ao ] o A R D
frg et o BRI AT AET R (RER ) IRPE R IR A SR
SRRk o BgRME) P P @M%’@#??(ﬂ%dﬁmgﬁﬂﬁgﬁmﬁ,
A BRAREF RE R ERERR O EREF R AR R F b i R
fo o @ deie #-OTSGs ' “f A 2 ez § i 7 % 4 - 3 L CCP3F= ) s

Fu 2% (a) 5§ REEirida (0 - REBARATY et T 5%
BAARET > g ER G 219 Aok F v p AR AET P m?{;;?upw’v’gﬂ
GRS T 2 (b) M RBE(CLO) 2 AW Rk i
AR F PR - BlrERR AR RE - BARAI I RFELER
FlpsERE R CFRRFERL LT - BEREY > £ B
Br £BF ARG MO Z RS H 2 BIVA D F BRI
WA K TR BASS T s § e () KF W F REEE
s B (MWGS) -

ekl L DY SRR F 83 CER 4
® AL 7 UL R CO AT B B SR S o
@ HiAgd (e A2 ¥ 3 A HIHERABBHEEIRTLA = o
@ TARBER SV AASETFT T A AR SCOETE A AR N
B AR E A RFR 1)

2 fie

Application Scenario and Case Deseription Fuel CO, CO, co, 0, (a(e}}
captured capture avoided capture avoided
cost cost
Units t/h % % $it $/t
Refinery - US Gulf Coast
FCC - Post Combustion Carbon 55.5 85.5 65.5 94.2 112.9
FCC Oxyfuel Retrofit Carbon 64.8 100.0 83.5 108.3 129.7
Fired Heater - Post Combustion Fuel gas 26.6 85.0 65.0 118.6 156.5
Fired Heaters Pre-Combustion Fuel gas 284.0 90.0 76.0 111.1 160.1
Refinery SMR with Post-Combustion Nat gas 58.4 85.5 65.5 95.9 123.3
0Oil Sands Steam Generation - Fort McMurray
OTSGs - Post-Combustion Nat gas 67.4 90.0 76.0 170.7 237.9
OTSGs CLC Nat gas 63.3 100.0 86.0 195.7 236.4
Gas-Fired Power Generation - US Gulf Coast
NGCC - Post-Combustion Nat gas 126.1 85.5 73.7 97.9 113.6

B 12 7 F o Boid 2 4 fdk ez & &
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SRR e CCS 3 H AR M ehi2 & f3oe EE Ak o2 0 & fopt d
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$30 7 e W F R R R §ALT I ar ik frid B
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CCP 34 #F & 1 b3

Big i BBk p AR B eniE 2T 5 OCS A - VO ALY ek TR AL B

o

PR AP T B LR R FRTHEHFTEAREY 6
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CCS 4p M %% fe =t

WWw. ccsbrowser. com

www. co2captureproject. org
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3.9 M E R RT e Az g # L A7 (US DOE

Baseline Update)

PR R s AL E o A BT 3% H Y ¥R AT
TR HE X AR BT s 40T (B 13~15) .

NETL i& % § B 1t
4 & CO4 B i

PC NGCC
Pollutant (Ib/MWh-gross)  (Ib/MWh-gross)
SO, 1.00 0.90
NOx 0.07 0.43
PM 0.09 N/A
Hg 3x10°® N/A
HCI 0.010 N/A
: s E
B 13 BB~ L&

5 Year Construction Period

3 Year Construction Period

High Risk Conventional High Risk Conventional
Applicability PC-CCS PC NGCC-CCS NGCC
Capital Charge Factor 12.4% 11.6% 11.1% 10.5%
%] 1 4 q_/r:lf‘ ]E‘;‘/Lt
FAL NG - & 2011
TR ERR(E) 30

sEH (&) 5(PC) 5 3(NGCC)
J;L,}l @ og .
coal (USD/MM Btu) : 2. 94
natural gas(USD/MM Btu) : 6.13
eV T

® (O A BRA

£ o
® (0 i# ﬁ;ql B 7 52

.——-1;,

‘fFT;l

EAheke g

RN

> v o

-~

2200psig ° i’%ﬁts'é’%] 3 100km &2 3 23t > TR EF S 80




Subcritical Supercritical

Case B11A B11B B12A B12B
CO, Capture NO YES NO YES
Gross Power (MW) 581 644 580 842 840 801
Auxiliary Power Summary
Balance of Plant 28 36 27 35 1 14
Flue Gas Cleanup 3 4 3 4 0 0
CO, Capture - 17 - 16 - 13
CO, Compression - 37 - 36 - 15
Total Aux. Power (MW) 31 94 30 91 11 42
Net Power (MW) 550 550 550 550 630 559
Heat Rate (BtwkWh) 8,700 11,000 8,400 10,500 8,600 7,500
Efficiency (HHV) 39 31 41 33 52 46
Energy Penalty’ - 8 - 8 - 6

'CO, Capture Energy Penalty = Percent points decrease in net power
plant efficiency due to CO, Capture

Subcritical Supercritical NGCC
Case B11A B11B B12A B12B B31A B31B
CO, Capture NO YES NO YES NO YES
Total Plant Cost, in Millions 2011$*
Base Plant 906 1,052 947 1,111 431 449
(SOXN 0533;55?35‘3 172 204 167 197 - -
CO, Capture - 550 - 534 - 340
CO, Compression - 100 - 98 - 39
Total 1,078 1,908 1,114 1,939 431 828
Total O"Tg"]iﬁ' :"wi‘x; 2,429 4,267 2,507 4333 838 1,804
Cost of Electricity, $/MWh (2011$)
Capital 38 71 39 72 12 27
Fixed 9 15 10 15 3 6
Variable 9 15 9 15 2 4
Fuel 26 32 25 M 41 46
CO, T&S - 10 - 10 - 4
Total2 82 143 82 143 58 87
CO, Captured, $/tonne (2011$)
Compared to SC"ITgccg B 56 - 58 _ 71

Total Plant Capital Cost {Includes contingencies and engineering fees but not owner’s costs)
285% Capacity Factor

B 15 7 2538 PC/NGCC T Rq 2 »iy & (i

=

e
=l-
i

¥

L5 T ik T AR A o
F TR AR A A o
R S S EE TE D § R R TE S AT RV S N

TR S SR T3 F TN
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3.6 >3k CCS % & 8% (Global Status of CCS - Global CCS

Institue)

Global CCS Institute(GCCSI) i & 4c - 23 CCS hm 4 ~ 71 o frif§ o & (7
M S B A for o Al FlEE @ 1 ® I CCS - GOCSI 4- BRI £ R
PHAIRAEF ko T I AT AR CERF P AR AR AR o T
SHAHCCSHTEF L2 2ZRRKDEE L7 5 (R 16) ¢

60
6DS
)
=
)
»
L
£
o
o
(@]
o
15) 2DS
0 r T T T T T T T |
2011 2020 2030 2040 2050
W End-use fuel and electricity efficiency 38% W CCS 14%
M End-use fuel switching 9% M Renewables 30% Source: IEA Energy Technology
W Power generation efficiency and fuel switching 2% Nuclear 7% Perspectives (2014)

B 16 3 b LS § R B2 TR

PRFRRH - F PR R ARG ERE RS ET & 2100 £
450 ppm = F T RUE R UFIT o a2 L CCSHT g R A i * & A b A 138% 0 b
Wik L B P B G 6 1 64% 0 Ao Aot 4x £ CCS Hr R A ok SR B
2 Ie s (R 17) -

2100 concentrations nuclear limited limited
no CCS . .
(ppm CO,eq) phase out solar/wind bioenergy

tm faml i
450 138% .'e.l' 7% l 6% ‘ 64% l

Symboel legend - fraction of models successful in producing scenarios (numbers indicate number of successful models)

All models Between 80 and Between 50 and i X
successtul 100% of models 80% of models . less than 50% of
. | successful | successful . models successful

BT 2 Fpad ™ F8- § P aiile 24 h 8%
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CCS Rtz £ g

® 2010-2015 A3 e

® 2016-2020 FEAARP o FEiRE- K F T EFlEF o
® 2020- A {TApBEEE AviE Ap M2 R d] T (B 18) -

New horizons Realising the Widespread
portfolio deployment
Decisions made at start Ensure conditions are
of decade are now supportive for projects
bearing fruit in advanced planning

Decisions and actions
required now to lay policy,
legal and infrastructure
foundations for post-2020
project portfolio

2014 and 2015 are
watershed years for CCS

2010 - 2015 2016 — 2020 2020 —
® 18 CCS 3| E: /5 Bl

CO4f B HAPE B © FENEMA A
® i N- RRHERFEYRIHGTEFE S o

P 0 R AIATHAL AR T U R AR RS A

o
® FRMEMIFFART & 1FE )= A& p 4 o
® G- MEk2 pEARIE T 2020 3 2025 & = A o

COdts g B : FEFE

® EOR(% i 3 A )P 5358 CCS3-Fehi 4 o

® BRI HERTEL 2GR -

® 2°C> F#p 2030 #:£ 55 & 4453 26T » 2050 # & & 44733 TGT -
® THFREEIENIEE R RIEBRT AT

® AT ARLGFRAFAFFIEFH IR NFBERF

FERMZEFHE

® &7 i CCSHEMTEDNF FPHEeFERSALEH ﬁﬁﬁm

e

® T LRSS EMES AR F A E A
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4. TEAGHG Monitoring selection tool

IEAGHG »+ 2013 & B % 7 Monitoring selection tool(version2. 3. 2)2. CO:
WA HERETPILE A o ks BRG] COAm ~ ¢ s B2 B iF
TR - ERL TR - RERARM Y KB E ER o
ok LB E R T R TR PiptRi T BB AR L 4 AT % ZERIEHGT S
HiEdb ] 0272 FE(E 1)
T AP COs T T A ERFFTR L R0 FRP

Lo#j» Sra it 2 OBt ~ ¥~ Bargpsm e (£ 2) -

2. Monitoring selection tool % tp #7]d0 CO: 3 FH 2R E R F(%
3) °

SRR AR 2T 10 TERE R A g

1. 3D surface seismic
3D surface seismic Pl % /53¢ % i SR o APEIERE - F R S R AP H
f4F? - i w oo Bl 19 5 Sleipner project 3D surface seismic & B¢t =
CO: plume z. = % o
b £ % 4% 4D surface seismic(time-lapse) ™ 7 f2A b & Sg P FF 2 4= &
5 1 (B 20) » Sleipner project =41 * 4D surface seismic % B¢t & CO. 4P
Figiiz #1(B 21) - 2@ » surface seismic &% $+73 f25 3 k2 CO:i& (7
SRl e — MR > surface seismic #if * THN ~ BEA M RERLZERE o
surface seismic ¥ £ i Gk A ¥ 2254 COv 2285 Ao~ BRI~ FRIEL R
Fx‘filvkﬁ'%l’?%?ﬁ °
EERCOBE COBLERAHL 1 -2 F!TPJ‘F (Myer et al., 2003) -
"p_/? AR RARE TR FEEI A R o FREPR 1 Fepz 000 F
BB > 1,000m (Chadwick et al., 2005) o ¥ ¢t » CO- 47 fr /& die i pF > & 5 R
R fRAT R AT R R AT COAp fr R H Ae @ T o

2. Geophysical logs
2 plix > ¢ 45 T open hole 2z formation resistivity, neutron porosity,
density, sonic velocity, gamma ray, self potential, temperature and
pressure, various fracture identification, imaging tools and nuclear
magnetic resonance (NMR) tools; cased hole 2 casing resistivity and
pulsed neutron capture (PNC) tools o # ¥ - sonic, neutron, density,
resistivity, NMR 2 PNC logging tools > #F%|if & * ** CO:3 Fdtiz 2 Tl o
+ :FJ;zsb oo E R CO M4~ CO% Ml ~ F & COzfﬁfr& o # ¢ » Sonic velocity
B COtrfrrig it 1 CO4frR<20%: PNC & & CObefr ™ * * 4k £ F & 455
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http://ieaghg.org/v2.3.3_product_r1/technique_descriptions/geophysical_logs.html

FrorREK I HFRF L HER

3. Downhole pressure and temperature measurements

HEpE H TRA LR TREBRERT NN REAR S £ (0
R F 3B 7 At~ COBiL2 H3mgFis o B4 T %% 50 d (0454 ~ 00275
fE3r g TR S COB R ATIR o Flpt R e H s Pl S 3B (T o

d Ketzin project ¥ TR &R ~ & TRA ~ F g4 2 CO @ik 20 TP
P F COBLY %> ¢332 THEATS ~ RS AR 22)

4. Multicomponent surface seismic

;% 41* hydrophones % = & geophones Fr P34 P A 2 Sk » 107 &R T
Pt o SAAPR P A S A - Br ] A MRS 5 HIEER ST - T
P P2 SE L7 T f2CO R FIBIL g N2 RS 2 frR g TRl
#+ o Multicomponent surface seismic *6p|=> 27 & B > 4o 23 -

5. Tracers

Tracers #f|* ML Bujz t Falk > urs 7 E A COo #rigixz CO:¥
it R dxi}ﬁgp‘w‘ ZitEHEMEmsR(Pr2 At B ed),; 28 snEaz 0.7
e rpRAAGEFLFT(pRCFHTe #’ ity W F REER - TR
ERE A RH He ~ CDs~Kr ~ Xe ~ SFo 5 4 i¢ i &4 F > 4c * perfluorocarbons
tracers » PFTs) » 1 i® 5 4 1 tracer » §1* Tracers ¥ if B CO» 2. #1585 ~ 7

fRECO* i R EFHAFH - AP2BEFBE -CRTEERLARER
RC0:miBim w2 HFEL COBil - v * LE R COz/%/%\%ﬁﬁl T o “,ﬁ‘f /’F)f/__
S RETRI - B L TR

6. Cross-hole seismic

%% Cross-hole seismic & & v # T EX ZPRIF 2 HZX B> NFIHNHF
222D RRIRT e AL o AE A COBAERE > 7 %300 j2COMH4~CO A %k
CO £z fr i 2 @4 ixsg 0 © 3 B4 surface seismic 2 FHfEf - A2 F R 1 1A
B biaE T COREH A 22 o

7. Downhole fluid chemistry

R TORERIIE P ¢ 4% ¢ inter alia ~ pCO: ~ pH ~ HCOs ~ alkalinity .
dissolved gases ~ hydrocarbons ~ cations and stable isotopes o # F KB~k
BAAER TRAREOMEALKRSERME PR ALSTEEE RS T IERK
Boo S dliFA s TORBRR SIS TR KRG > Frio project A3
U-tube #A ¥ T kB2 FZPREZISEHGHFT T TREFERPILY
Poto R 2T T RICORLBETRCONRERLTRLHC23/2F K-
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8. 2D surface seismic
2D surface seismic 4p¥ & » AV REPRFRF 5 X TR E I COE/L 1S 2 B
> 2 A2t 40 3D surface seismic® AjE T IR E AT o

9. Long-term borehole monitoring of pH
EWE TIRE R TR pH ERLE > w200 2 CORER K T F 403 12(C0
BRENIFEEE T RREXPDHET ) FHCF BT F D E /?JCOZ\ﬁ’f{-" p
2 TEE TR DH ZREZERIG R L W m FERD FIM A FRAFAE
Pt g ME AR R B GERTHIF L2 V- FE3 %5 1)
* ,ﬂiw Kz Pt it 7 pH BB LR B TORB R R TRS R
fo > ML SBERRE o

10. Vertical seismic profiling

Vertical seismic profiling % - BBl EE s T 0 ~ RRIFHEER
CE 2 F T RRE o HIBEEL TR R B TR S ERIE R4 T RIS
S e i ted &% o Walkaway VSP # 4% is 2D ;a/EJ AL SR b o Sl e 2 d
& 3D BBlF R o

A0 ¥ cross well seismic > VSP B 247 BBl %7 KU F F > @ ¥ i bk
T xR e BRF I o 4p¥ surface seismic o VSP ¥ % B F R4 BRI % o
VSP % & surface seismic % & = v ZRIF 2 3D VSP ZRI T > 3 241 % COp
LR COA 4 ~ CO:EF %R~ COnbefrR 2 R4 2% o

2002 & Frio Brine Pilot study = # | * VSP ;2 & #|$]** 1, 500m =25 7) #
@Kk g2 1,600t-C0:(H 24) »

¥ o &% CCUS-14 ¢ &® - @ WA Fo 7 4% 2% VSP 2 £ CO A% =
% o Ordos CCS project = ¥ W% - Bd sefrFeiz Ay 3L EH &

22015 & 4 % o EIRAOK A LR 30 FeR-C0 DEHFHE T B A3

P (T COABEE BB TR o %33 #2523 2011 & (COig i) ~2013 #(13 &
t-CO i ® )~2014 (25 8 t-COi2? )> 327 = VSPiz Zipl» & % 4T ¢
i g v > 2R (F4) 3 2011 & (COi@ i )~2014 & (CO L@ )oripl % 2
VSP iRl T4 - R > &7 CO B if8s AR ABT EA4 (R 25) -
2.1 Kk > 2011 & (COz i+ )~2014 & (COi@ i ® ) #rip| 18 2. VSP BRI 74l 7
g FANEAER 2,350m £ R CO 45 (B 26) -

e FAR 2 FRBE A CCUS-14 ¢ 3& 7 > % W Texas * 3%
AR CO g A1 HE R 2 CO /8144 Nanoparticles o I #
Nanoparticle z B IEiF iT% » 7 5 s deds Fatz 2 @%J?»if%‘ v 3 4e COs
PEHGTFEZ L2 o d HE% S %éﬁ'—r COzi# » & 7 b Nanoparticles z
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- AF e 5 0% mAH G E S 12% 7 e 0. 5wt% Nanoparticles s 2. - 4k

e S R 4 5 ATh ~ A3t R A4 5 22% 5 4 Swik Nanoparticles 2 2 -
YA RS H 4 5 69% ~ AR T EH e & 44% 0 R 4 Nanoparticles 7 £
H4e CO» Fa3 7 £ 0 % 2(® 27) 5 COiE » 7 b Nanoparticles z_ /& # '}
#e® ~ B4Rl o @R e Nanoparticles 24 C0:igii® % 2 (B 28) -
Nanoparticles P # & AT T A B > A R EFHMFI R > ¥ 2 &~ 2 7 (CS Ha-
PRI A2 FA .

4% 1 IEAGHG Monitoring selection tool(version2. 3. 2){%“&‘%1‘%?\%

Colour-
g ExPIa"atiun
scale

0 Not applicable The technique cannot be used for the selected aim. Blue
Possibl The technique may be appropriate for the selected aim but is probably of marginal utility. It is unlikely to be a preferred
1 applica};le option but may be useful in combination with other methods. Site-specific conditions or specialised scientific Blue

requirements however may call for deployment of the technique.

The technique is likely to be suitable for the storage application, though there are probably other more effective
Probably techniques that should also be considered. The technique could be included in @ monitoring protocol to provide
applicable additional information for a monitoring aim, supplementing other, higher-ranked techniques. Site-specific conditicns or
specialised scientific requirements however may call for deployment of the technique.

Orange

Definitely The technique would normally be included to meet a particular monitoring aim and its exclusion may reduce the
3 applicable potential for the aim to be achieved. However, site-specific conditions may degrade the efficacy of the technique, or Qrange
even preclude its deployment.
Strongly The technique would normally be regarded as a key element in meeting a particular monitoring aim and its exclusion
4 recommended would reduce the potential for the aim to be achieved. However, site-specific conditions may degrade the efficacy of the Red
technique, or even preclude its deployment.

% 2 IEAGHG Monitoring selection tool (version2. 3. 2)#-4 3+ % COiE L+ ~
LI ¥y & i A B ﬁ%lf\ &

T wan | T N N 0

Reservoir location Reservoir depth Reservoir type Landuse at site Monitoring phase Tool package
¢ Onshore C 05-1.5km @ Aquifer Settled @ Pre-injection v Plume v Ccalibrate ©  Core
@ Offshore @® 1.5-2.5km «oil " Agricultural " Injection [+ Top-seal ¥ Leakage ¢ Extra
© Both C 254km © Gas C  Wooded Post-injection [ Migration [V Seismicity @ ANl
© >4km coal Arid ©  Closure ¥ Quantify ¥ Integrity
Protected [+ Efficiency ¥ confidence
0.01 Injection rate (Mt/year) 1 Duration (vears) EXPORT CSV BENCHMARK TOOL CATALOGUE
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# 3 IEAGHG Monitoring selection tool(version2.3.2)C0:3 B 3t 53R % R
1%

Rating % | Plume | Seal | Migration | Quantification | Efficiency | Calibration | Leakages | Seismicity | Integrity | Confidence
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Bl 19 Sleipner project-3D surface seismic & ]t ;# CO: plume = %

Bl 20 4D surface seismic(time-lapse) & Pl A& & & "TPF R 4~ B & 1L & %
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B] 21 Sleipner project-4D surface seismic(time-lapse)% if] ¢t & CO. “E PF R
A ES %

-
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RN ERRARLRRRARERERIRAARAEL
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B U ¥ w8 38 88 8 ¥ u8 s s P
BN Pressure [bar]
; B 4 8 ¥ s s 8888 3 AR S
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5338868

: startup
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B 22 Ketzin project-# T & ~ F T R4 ~ X ERA 2 OB TR %

 /
°

32



L . % . 1 l 1
: ~ ‘...-n;;’?..‘:,l
N P ;
R S 4 component OBC
a b
~ .

Bl 23 Multicomponent surface seismic *% iR~ /2 = % B

PRE - INJECTION POST - INJECTION

R R e

edge of plume

Bl 24 Frio Brine Pilot study-VSP i# % ipl 1,500m =55 7) £ B -k & g+
1,600t-C0: = %
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CO, Monitoring by VSP-above Injection Point [}jE

» There is no difference on VSP response signals above the CO,
injection layer, which indicates no CO, is escaping through the
layer.

XS
¢
L}

Tap gt

R
B8 ¢ P ¥ § B 3 % §@ B

L]

L2013:2011, ..2014:2011.,

950m depth monitoring diagram comparison
‘ National Institute of Clean & low-carbon Energy (NICE) WWW.hicenergy.com

B 25 ¢ W4 =2 & Ordos CCS project-# & 2011 & (CO7g L% ) ~ 2013
£ (133 t-COiEixv )~2014 & (25 F t-CO7:1? )VSP i & Bl = %

CO, Monitoring by VSP-between Injection Points nie

» Obvious difference exists on VSP response signals below the injection
layer and CO, has moved from 350m to 400m.

L G-, 600
0 a0 e R T a -

m)z)nitoring diagram covﬁﬂqnparison at 2350m depth

- National Institute of Clean & low-carbon Energy (NICE) www.nicenergy.com Page 9
B 26 ¢ WA &2 7 Ordos CCS project—i# 2 & 2011 & (COig 1+ ) ~ 2013
E(13 8 t-COiEix® )~2014 & (25 F t-COi@/L? )VSP /% & B = %
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THE ANNUAL
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THE ANNUAL
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£ P st Obama > 2013 # 6 7 # £ 50irs A > RO Ddp = A dad Bl
G N ERRCERE  HERARME L § RBEFIE RS A4
2IRE Y Wi F 298 02014 £ 11 ° Obama w2025 &% > %
BIE R B M 2005 = 2pk B0 26~28%2 K o 2 B E T 0 BfiiRinds t
M TR R R R BT ERA KB E AR BT
2IRA KA BFRIPI o T TR AP Y W ERERS Y
B3R 29) « 40t - 2014 & 117 12p » ¢ 23 % & ivp ppF- @ @A
BE7R B 2020 & ¢ BIGER Y L F R (5 0 M0 2030 e 2002 T 1 R
#* 2 fFERE 2015 &5 0 15 > ¢ vy F L TERE > o 2015 &
TEESNTRFGAEE O LA RNBMFETE -

2R EPA#>2 2015 # 6 7 2% %G R TR COBEP 5~ A 3Ty g
R H#- T EPA iﬁfm‘%i CO-p R s mRp d F eI F A4 CCS &
BTG AR T R E R o ¥ o £ WA Obama @ 2016 £ 2 & &
g @ 57 CCUS if’bf%ﬁ«)é”? P i RUE B AT TSR 2 B A
BRI S HTF 2 A RITTROTER T 27 BARH R 2 2 BRI
FF (B 30) o P A > 277 EOR 2 s AR5 28 & 10 USD/t ~ i 77730
KR T T 2RISR R W20 USD/t > A 2 & CCSHF R A& > £ 7 &
WAl A IR AT o

CCS it B =r3dudF]% » © K32 location ~ location ~ location # % 3 &

policy ~ policy ~ policy = ¥ % B it e i 2 % st = L1k 3 (CS A7

@rigE e o 2 B [EACCS i5 % 2004~2014 # 200 8 % ~ (® 31)~ % ® DOE
CCS &3 2009~2014 & 50 % ~ (M 32) > & & £4ad CCS § sehpit b & ﬁ
FREE S o G RARER ;:*é/ﬁv#w s ol | A FIEEE E o

Ao 22k CCS3 48 (T8 R BE TS > frikbrfg it ¥ B K @ 4 £ % Boundary Dam
e E g OCS 2+ % (110MW ~ CO 4 2. 8 i lMt—COz/yr) » 32014 # 10 7 B

Wi d T TR KA A il 4 0 frif i (0% > Weyburn
i 7 EOR ~ #l4r3% 4~ 2. CO: RI* *t Aquistore project 2 iF®38% 8-k & » F4f
TR A E%KRC N5 E 4 B EFEAZ TR DX ERFAIE R
FAE L000t/% > A% - B AT R AR CS 2 %06~ % R Kenper
County IGCC %% T B (582MW ~ CO: 4 #x & ¥ 3 Mt-CO:/yr) > Fg3+ 2016 =& +

L ER B8 - £ ® WA Parish Petra Nova %:% T A (250MW ~ CO: 3 #i_
Bt 1L AME-C0O/yr) » F53 2016 & T L & BB 4188 o d ot > (CS B * * %

dnme EHFR o FHOCS AT AMMPLET S5 BHEFTRE -
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4, @/*’Hﬁ’i A e s R P e B CCS: £ AR E 2 EOR Bat > T 385 %
EOR 7 & tipsf p - CCS# B #-¢ 2 pxe ¥ > 3 WP #Fragd 3 B OCS 2 #
W e BIERE S TR R Y 2 PR R R Xt B T A RE R
Mrct e mE LR % > £ K FutureGen 2. 0 33 (168MW~ 1. 1 Mt-CO2/yr ~
CO4F 45 90%) » 37>t 2014 & % k3 ~ 2017 # = 2 2E:¢ ~ 2017~2037 &
B 438 g 7 fepe CCS 1 1% ~ 2037~2087 #:2i7 R RM F iS22 T o 35352
EaAlTRE~;FFRI 2037 #F2ZGA»E #aE 120 R FE ~ > P B3k BiT
1,600 lﬁfiﬁ‘ﬁg ot ERDOE ¥ B4R 4 >0 201568 22 4 p e F L
%3 7 # 4¢3 FutureGen 2.0 3% Mt Simon #) # & £ 247 CO2# F 4t
FOEE S A EMAGE AR KRR S FRE AP FFEFRART 7
CCS 2 iT2 375 HFa b B~ B~ AT T2 R GARR 0 m %L TFE &
AP L ARBEL NI SHFARTIRAL B2 iR LT £5
Z A EE > (R 33) 0 Flet o 9T T A 2 i RE IR A PR RS P

>
=R

CCS % 2 |43k4E ¢
5. USGS »t Decatur CO: Frati3 7 fHabi 8 (FACRE R > = %8 @ ARTIEL
2 3km p TR ORI RRA-L 1AL 2w BE A mR R R 2 EF Y 2R
@t*ﬂfé;i/é; CER IR (B3 e

CCS i 41 T3 *

6. #REPA 5 FCO:3 Fatis 2010 # 12 2 »0 4% k% 202 2 0 TR
= % (UIC, Underground Injection Control)® #7# % 6 #2# (Class VI well)
2011 & 7 % % - i Class VI %ol ¥ 5~ 2011 # 8 * % - @ Class VI
bl 32014 & 8 29 p % - B Class VI % 68 COigiizFv »
2014 & 10 * 1 p EPA = £ 3% Class VI CO:i@iazFv ~2015 & 4 % 28 p #1
TR

’

UIC Class VI 4 %f @ #ny F8 ~ % 4 %3 (AoR, Area of Review) - /&
iféﬁ~éﬁf%ﬁ~%h§%~é&§%&ﬁ§\2&$?‘%%@%
LR e AR B2 B3P K TR R CO 3 TR
FZIEAFT T L AR ACR] 35 -

UICClass VI & # 24 i 14 ¥ P& % Pﬁ“*w i 7 2 CCUS-14 € ¢ % ¢
P2y BEF R BT F B 2 $l 2B A - p % FutureGen
2.0 (1.1 Mt-CO2/yr) ~ I1linois Basm Decatur project (1 Mt-C0:/3yrs) ~
[11inois Industrial CCS project (1 Mt-CO:/yr) > @ 5 Class VI CO:3 =
BT Y G K GI(R 36 ~ B 37) o EFAE hE > & UIC Class VI
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2 CO @i ts B4 5 R 50 & » v [1linois CCS project 2= ADM $4 {7 = @
LR CO: g B B B4 TR~ CO:MIBAEE > 2 UICClass VI s I H %
IERRBELD > B COBASEEFFTT R 10 222 > EPA %ﬁw
FRARLYF - ARBEFZ A27FF <3 CO L% 7 HatfphR
#,;, #4“—; z °

COz 3 3a > & /CO: 3 7 H B ATFTH L A7 ¢

7. % B NCCC (National Carbon Capture Center)# 7 » B o CO: 4 #i¥ & pilot
THF B PG MR R EE AR AF (R 38) B FFHGK
Hzoaz % = 4~ NGCC % 1,000 USD/KW ~ IGCC % 1,200 USD/KW ~ SCPC % 2, 000
USD/KW( ] 39)  TEA g ip] > CO- 4 fa i 3] 2030 & 4 7 ¢ ~ tg*s iz § =
AT CO A AR o F g rad = 2 R 4245 4 (B 40) -

2+ 2015 & & & » IPCC g AR #7172 C0: cost report @ izH_% 2005 & 12
5 IPCC Special report ” Carbon dioxide Capture and Storage” f{éz
R d > Bg BTl 2 W2 BV EHITE T RTFLH RS AT T > 2
post-combustion CO: capture (SCPC and NGCC) ~ pre—combustion CO: capture
(IGCC) ~ oxy—combustion CO: capture (SCPC) -

T3+ 2016 & NETL #4158 372 CCS Best Practices Manuals v.2 (phase
[11) » &8 % 2009~2012 & CCS Best Practices Manuals v.1 (phase II)
fe 2. L ATax A AE3t 2020 & NETL ¢ 1 5= 8 % 2. CCS Best Practices Manuals
final guideline (post injection)(® 41) -

BwmadRk

8. #® NCC (National Coal Council)&_f # 4% 2 B 7% Rt KR 2 Ek &
FRa AL S 2 HE o FRNCCH CCUS-14 € 7 %3 - FilF & B LA
#icd 2 om g2 3] CCS/CCUS 3+ % » CCS/CCUS g #  E 2 v d = eh s FiRF i
FHRT ECOHF AL I o CO A& 25 B (R 42) -

FE P (O Al e HTFFIFE > & AT AR B FHPITH 7 B

BRI CO FAAFME SR 2 BERRE Fiaiprdic
PR CO3taHa i CCSat 348 B2 Batizrit » ¥ > CCS HprigdgTsiz Jp 3
CCS pilot FFE = = 18 4 & & & (R"E Hjiw 4-/‘?‘5";' DNV = @ 45 41 © = = CCS
pilot FFfx » CCS HatrigdEm 2. v 5 & 5 10%) o 1ot - B|p CCS # B § 7%
2 AR SR EEE COs i EE o wpwAd (CS 47 F3E
BAIEA SRR~ ZRAPRGET P @S (SR AL E o
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FERS R 2R R CCSH FAAMELERT I Uk FALARRZ S
FHETFFREREBGEZER A KEF LA oL E% > 7 4 UIC
Class VI AR B SR45 2 34673 2 o« 5 F > 5 > 2014 & 53S0 R A FAldp O

AL RN L CO | 0 F F @ R ‘}ﬁ'aﬁjjﬁ%f. » IR E IR COn
Pz 60%; FeAET A G PR ]:l;;\@{ggrsrﬁ COx 43z 2. 10%(H 3 ~ B
4)> %%3”?*:}2“&7‘157%@ 7 CCS a2 & % 4 | L 23k BB s CCS
bR G FAREE B 0 1B 5 Féa\ﬁsz TR RZFAE R

ARTHES AERG e RFF DS A RRTRB LR Y TSR R

A gAREr o 2 Al A EEAZ RR 0 R SR o~ aa H R R R

A 4 o iER T };;Ti“ﬂ,* TATRE 0 TGN BT E 25 IR A 5 R
@0 P HEAF ED T FBE 2R - MRGLIR A E SR R HR(CCS)
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China: A Necessary Partner

Global coal production shares, 2010

Rest of World, 23%

Top five coal producing nations
billion short tons
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B30 % ® 2016 & = & 3¢ & 3 7] CCUS m fds i 58 P

Bl 31 2004~2014 & CCS 5%
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1 32 2009-2014 & % ¥ DOE CCS ‘5%
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= USGS
science for a changing world

Class VI Permit

appicaton suomission - Glass VI Permitting Process

Class VI Permit to

» Technical review of permit application information Construct Issued
Testing and Monitoring Plan
. A Financial Responsibility
Site Characterization Data Demonstration
Proposed Operational AoR Delineation and .
Information Corrective Action Plan PISC and Site Closure Plan
Proposed Well Construction Injection Well Plugaing Plan

Emergency and Remedial
Response Plan

B 35 % R UIC Class VI » COxd= T i1 377 iT E i 4R
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UIC Class VI Permit Timeline

Gravi
Morgan Surve‘;
County
Site
Selection
Shallow
Aquifer
Monitor- Hydrologic
ing Well festing
2D-Seismic
Survey '
Strat. Well

Data processsing and interpretation +
multiphase flow modeling

\/

Permit
Application

UIC Permitting Process

>~

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Balielle Since 1965

Storage Site Characterization Activities

In-Situ Stress

Characterization

Closeout of

Support

March 2013
Permit
Application

The permit in brief:

o Initial characterization + data processing and interpre-
tation + modeling before submission : > 2 yrs

e Permit Preparation: 6 months

e EPA Review + FutureGen additional information: 1 yr

e Appeal: 6 months so far...

B 36 # ® UIC Class VI COo % ™ i#i1

EAB decision
still pending

March 2014
DRAFT
DECISION

Public Comment
Period (EPA)

Responses to Public
Comments Preparation (EPA)

| 3

#pF42 B (FutureGen 2.0)

Project Construction & Permitting Timelines

‘Compression
3D Seismic Groundwater Facility Test Well
Moanitoring Construction Construction

(T

Design and Engineering Facility Construction

Facility Construction

CCS#1 Injection Operation

Compression

Facility Injection and Monitoring Start u
Mechanical Well Construction & Overation
Completion Completion P

CCSH2
Operation

2011 12

Notice of

Completeness  USEPA
Submit Daterminztica USEPA
Permit L‘,S‘::":l';n Accepts.
licati
Application ek AoR

* * *

USEPA Technical Review Period

Permit

2013

Post Injection Monitoring

USEPA USEPA Permit Injection
Draft Final Finalized Authorization
Decision Decision

* kK *

Public Appeal
Application Comment Period
Preparation Period
USEPA USEPA USEPA Response to Completion
Information Public Reporting
Request #1 Request #2 Request #4 Comments
General General Financial
USEPA USEPA
Information Information
Request #3 Request #5
Model Inputs. PISC

B 37 %
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ARCHER DANIELS MIDLAND COMPANY

¢ Z-prf2 B (I1linois CCS project)



B 38 s L #FBrFEZERE =~ A7 LB (NCCC, National Carbon Capture
Center)
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B Recent Studies, 2013$
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es will be addressed within various BPMs - ﬁ ‘

B 41 CCS Best Practices Manuals & #p d1 3 pF &
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) :I v',f -
Critical mace » 6raM has not yet achioveq
o mass.

* “Without adequate demonstration there canbe
NO commercialization” |

* “There is no point in capturing CO2 if there isno
place to use it or store it”

B 42 % R’% e R3] % 2=3% (NCC, National Coal Council)
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