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REQUIRED TECHNOLOGIES AND ACTIONS

As part of a portfolio of actions, CCS accounts
for 14% of total energy-related CO2 reductions
needed by 2050. (source: IEA, 2014)
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— FOURTEENTH ANNUAL CCUS CONFERENCE —
AGENDA

Tuesday, April 28
1:30 REGISTRATION OPENS

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

MODERATOR: Richard Lynch, International Activities

6:00 WELCOME RECEPTION Advisor, Office of Fossil Energy, U.S. Department of Energy

Patrick Falwell, Solutions Fellow, Center for Climate and
Energy Solutions

7:00 WELCOME DINNER

Wednesday, April 29
T:00 CONTINENTAL BREAKFAST

OPEN DISCUSSION

. 11:30  POSTER SESSION BEGINS; AUTHORS PRESENT
8:00 WELCOME
12:30  LUNCH
Llewellyn King, Conference Chair; former Publisher,
Energy Daily 1:30  CONCURRENT SESSIONS
8:05 OPENING KEYNOTE PLENARY 130 COFFEE BREAK
MODERATOR: Llewellyn King, Conference Chair; former 3150 CONCURRENT SESSIONS
Publisher, Energy Daily
5:50 CONCURRENT SESSIONS END
Grace Bochenek, Director, National Energy Technology
Laboratory 5:50 RECEPTION
OPEN DISCUSSION 7:00  RECEPTION AND POSTER SESSION ENDS
: ; y y - Perspecti s o
8:35 DPENIN.C KE\.r NOTE PLENARY - Perspectives on the 1100 AVIOrS...
Future of CCUS/CCS
Adriana Arovale Susan Hovorka Dwight Patars
USEA Univarsiy of Texss Schlumberger Cavban Svs,
MUD}_.R.M OR: Llcu'c!lyn King. Conference Chair: former e Nigal Jamvay T e,
Fublisher, Energy Daily Alberts lnnousies. BF Group Teshnalogies Idlaho Matianal Labortory
Max Ball Bruce Kobelski
Joseph Goffman, Senior Counsel 1o the Assistant SaskPower us. era 2‘;;;"“ Rhwidy
Administrator for Air and Radiation. U.S. Environmental Melissa Barum Krish Krishnamurtny
us i of the infesior The Linde Gr Ed Rubi
Protection Agency = - o mnm‘,;.snmmer&r;
Carl 0. Bauer Oennis Lappin
C.0 Bai Cansuling inc Gas Tech Arrititl G Rusdi
OPEN DISCUSSION e e ek lnse ecae
Indraiit Bhattacharya Auho Lipponen
Amancan Elacinz Fowsr intamaticnal Energy Agency  Nonm Sacuta
Franklin Orr, Under Secretary for Science, U3 FTRC
4 Jackis Bird dohn Litynski
Department of Energy BidWarks Cansulting U.S. DOE Thomas Sarkus.
L5, DOEMETL
Thomas Brouns. Chuck MeCannell
OPEN DISCUSSION -Battals Rive Universiy Scolt Smouse
U5, DOENETL
Dan Gala Jon MeKinney
Juho Lipponen, Directorate of Sustainable Energy Policy, Dentury e LT S S e
International Energy Agency Guy Couturiar
SNG- Ll e Steve Melzer Ranald Surdam
Melzer Consulling Univsraily of Wyoming
OPEN DISCUSSION Don DePaolo
LeAL Tom Mikus Robert Van Voorhees
€0, Biabal Sequestration Counci
10:25 A Potential Path Forward to Stimulate CCUS/CCS Word Rovarcos bttss Moy Mo .
Deployment— The ‘Bridge to the Bridge” John ALSTOM Power Wiads LLE
john Gale
IEA GHE RED Prog. Michael Mosre oy Whesler
MODERATOR: Richard Lynch, International Activities Nears] Gupta NAGEGSA NARUG
Advisor, Office of Fossil Energy, U.S. Department of Energy Batiale. Granger Margan Nall Wildgust
Camegie Molion University  Giobal CCS Inatifute
John Harju
re Melze eside lzer C . Uriversty of Narth Dakota Curtis M. Bidk Ban Yamagata
Steve Melzer, President, Melzer Consulting L;M_‘ heinag R e I
Robert Hilton Couned
OPEN DISCUSSION e E:]he;h Pawar
Jaffrey Hopking
CIES Goaorg Poridas
NROC
.
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— FOURTEENTH ANNUAL CCUS CONFERENCE —

Thursday, April 30 10:15 The Global Status of CCS Projects
7:00 CONTINENTAL BREAKFAST

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

H:00 OPENING KEYNOTE PLENARY LLC

A Perspective on CCS/CCUS in the West Neil Wildgust, Principal Manager — Geological Storage,

Globkal CCS Institute

MODERATOR: Llewellyn King, Conference Chair

Publisher, Energy Daily Ron Munson, Principal Manager — Carbon Capture, Global
CCS Institule

Dave Freudenthal, former Governor, W yoming
Luc Rock, Quest CCS Project, Shell Canada Limited
OPEN DISCUSSION
James E. Allen, Assistant Deputy Minister, Electricity and
8:30  Update on International CCS Standards Sustainable Energy Division, Government of Alberta -
Alberta Energy
MODERATOR: Llewellyn King, Conference Chair; former
Publisher, Energy Daily 11:15 Fossil Forward - Bringing Scale and Speed to CCS
i . Deployment
Kipp Coddington, Director, Carbon Management Institute,
University of Wyoming MODERATOR: Llewellyn King. Conference Chair: former
Publisher, Energy Daily
OPEN DISCUSSION
Janet Gellici, Executive Vice President and Chiel Operating

900 ROUNDTABLE: Evaluating the Class VI Well Experience Officer. National Coal Council

S0 Far

11:30 POSTER SESSION BEGINS; AUTHORS PRESENT
DISCUSSION LEADER: Bob Van Voorhees, Executive o SS10 G t ©
Drirector, Carbon Sequestration Council 12:30  LUNCH
Mary Rose Bayver, Geologist, U.S. Environmental

Protection Agency 1:30 CONCURRENT SESSIONS

Tyler Gilmore, FutureGen UIC Permit Lead, Pacific 3:30 COFFEE BREAK

Morthwest Mational Laboratory | . _
3:50 CONCURRENT SESSIONS

Scott MeDonald, Biofuels Development Director, Archer
Daniels Midland Company 5:30 CONCURRENT SESSIONS END
OPEN DISCUSSION 5:50 RECEPTION

T:00 RECEPTION AND POSTER SESSION END

— Is CCS/CCUS Ready for ‘Prime Time’? —

Friday, May 1
T:00 CONTINENTAL BREAKFAST

#:00 OPENING PLENARY ADDRESS
MODERATOR: Llewellyn King, Conference Chair; former Publisher, Energy Daily
Barry Worthington, Exccutive Director, U.S, Energy Association
OPEN DISCUSSION
#:30 The U.S, National Carbon Capture Center at Southern Co.—Facilitating Deployment, Domestically and Internationally
MODERATOR: Bob Wright, Senior Advisor, Office of Fossil Energy, U.S. Department of Energy
John Northington, Assistant Director, National Carbon Capture Center®: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
9:30 CLOSING PLENARY: The Qutlook 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
U.MN. Intergovernmental Panel on Climate Change

10:15 COFFEE BREAK
1030 CONCURRENT SESSIONS

12:10 CONFERENCE ADJOURNS
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™4 i ¢ (Intergovernmental Panel on Climate Change - # 4 IPCC)
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R b o2 & S BBy 3 K &3 4 (Large-Scale Integrated CCS
Projects, LSIPs) i3 4 & - 3@1 it R EAIL -

(- JiE % # B2 F £ 20 0.8 Mt-CO2/ & 2 2% T i s
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B PP A HcR FriiB 2 L B 4 50% > BE 7 LSIPS 3 B %

DR GE AR A A REFE o

Number of projects

Identify Evaluate Define Execule Operate Total
BN United States 0 [ 4 5 | 3 7 19
I China 6 2 4 0 0 12
I Europe 0 2 4 0 2 8
B Canaca 0 1 1 3 z 7
Austratia 0 2 0 1 0 3
B iddle East 0 0 0 2 0 2
Other Asia 0 2 0 0 0 2
South America 0 0 0 0 1 1
Africa 0 0 0 0 1 1
Total 6 13 14 9 13 55
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Chemical
production

lron and steel
production

Synthetic
natural gas

Fertiliser
production

0l refining

Matural gas
processing

Hydrogen
production

Air Products

Operating 2015 2016 2017 2018 2019 2020

O = 1Mtpa of CO; (area of circles proportional to capacity) * Injection currently suspended

B 4. % %7 3] LSIPs z_ & & 18 42 27 S B A
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Regional Carbon Sequestration Partnerships %g P 3F 238 CCS


http://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&cad=rja&uact=8&ved=0CDcQFjAB&url=http%3A%2F%2Fwww.energy.gov%2F&ei=BLaQVabwN8S68gWL_KkY&usg=AFQjCNEJhq1dxxfvnSku3qhhG7eHSMC0dw

% » 2+ 3 © j¥_Phase 1-Characterization - Phase 2-Validation » i& »

7| Phase 3-Development Fffio# 3 2015 & 3 " K 23 F R 40T ¢

1.

Big Sky Carbon Sequestration Partnership : Kevin Dome
project > 73+ 2015 & i {7 CO2 i# /1 :85% o

Plains CO2 Reduction Partnership : Bell Creek Field project -
¢ j#.1 1,660,570 t-CO- ; Fort Nelson project » ;&3 pF R iy
REIEE -

Midwest Regional Carbon Sequestration Partnership
Michigan Basin Project » = j&;i 346,243 t-CO> -

Midwest Geological Sequestration Consortium : lllinois Basin
Decatur project » = j#;x 999,215 t-CO, -

Southeast Regional Carbon Sequestration Partnership :
Citronelle project » ¢ ;71 114,104 t-CO_ ; Canfield project -
© g1 4,743,898 t-CO3 -

Southwest Regional Carbon Sequestration Partnership :
Farnsworth Unit- Ochiltree Project » ¢ j#;1 259,739 t-CO; -

-

West Coast Regional Partnership : Kimberling project » = %

oo

% B NCC (National Coal Council § ¥ % R% RFc K R3[2 £3%
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P ATEMY 2 A UPEEENB KA S FHG A4
P FF 5% 4o %= Sleipner CO2 storage project-#% = Snghvit CO2
storage project~ f# § % 41 4y In Salah CO: storage project~ ;= i Lacq
CCS pilot project~ g, & Ketzin CCS pilot project 2 £+ Otway project
%% 3 3 @iz (Execute)f £ 2 LSIPs 8 2 (7 8 IR0 H K
R ¥ B 473 1 4 £+ Quest project » COz 4 j& £ i 1.08 Mt-COz/yr >
g3+ 2015 & 9 * B 4n:E# -~ £ | lllinois Industrial Carbon Capture
and Storage project » CO2 4 j& £ i 1 Mt-CO2/yr » 3g3+ 2015 & B 4y
i@ > 2 27+ Gorgon carbon dioxide injection project » CO2 ¥ J& £ i£

4 Mt-CO2fyr > 3g3+ 2016 # B 484 - ¥ ¢t > 5 6 & » K 3+ (Define)

Fefz. LSIPS FE € iR B R R 5300 § R Ei74bn 0 ¢ 35 ¢

ROAD project~ # & FutureGen 2.0 project~ 4c £ = Spectra Energy's
Fort Nelson CCS project ~ & & Don Valley power project ~ & &
Peterhead CCS project 2 % & White Rose CCS project’ iz %t 2+ 3 3¢

3+ 2017~2020 & B 40384 o A kd F it 2 rEE S5k

LSRR N R
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(- )4 £ ~ Saskatchewan - SaskPower company’s Boundary Dam
W% % B2 Boundary Dam Integrated Carbon Capture and
Sequestration demonstration project :

Boundary Dam 4 & Fq fede £ ~ [ERTRRACE 4 L N o H_ 23R
FORLAFED P2 F R A H £ R TR ERETF

ARRHIOFREEFELR LML R c R THEIAN N ¥ -
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2015 £ 4 " B4R FIEAE DR w X EEL

RS

=k
¥

BRRR
1,000t/ = -

Boundary Dam 1 fzifec K4 F X 13 % ~ > H P 4v £ X Foffy
Rt 24 RE AP R R OB T £ G 0 TR
FCRPEOFe f AT B> 2 SaskPower o @ 19 2R R T R AR R
3&EPNKTHIF 15.5% -
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B 5 Boundary Dam CCS 3+ %

(= ) # W Mississippi - Southern company’s Kemper County %% 7§
Zz_ Kemper County Energy Facility (formerly Kemper County
IGCC project) :

Vi R F RS 582MW o BT A Sk s CO2 H
FX65% & &7 & 350 & CO2-2013 # 10 * = & =

= 96 = 2 7 CO2 :& ﬁiﬂgi & * > CO2-EOR sniT ¥ o gl & (7
CO2)cndl & & 23~ 75 5000 2 1 R4~ - R 2 R
FEFRFLTTEECCP) > %% % B £ Fa ki 2.7 BE ~ehF
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Gas m,b,nes Stean) turbine Air HP coal CAD image
HRSC“ ‘°'“p'°55°’5 feeders showing basic
/ plant layout

€O, and H,S ‘ ’

removal

Gasifiers (2)

(% /

\‘)

7 \ Ammonia
/ ‘&‘) v N production X
/ Fluid bed

Sulphuric
acid dryer system
production

Bl 6 Kemper County IGCC project

(2)# B Texas - NRG Energy company’s W.A. Parish Petra Nova
w2 k2. Petra Nova Carbon Capture project (formerly NRG
Energy Parish CCS project) :

Zy R A 2 3 £ R H S fI i KM CDR
Process® > p 240 MW 7% 5 ¥ 43 1.6 Mt-CO2/# » H 4 5 G 5
90% - g3+ 2016 £ T X E R B4 ERE C ZEAEREN T TR
Hiz CCS b~ Wi -4 » 74 B2 CO2 & * ¢
EOR > f«'*i;ﬁtb"a‘a"trs@,é RS 0 A B HGEF p 500 1§ 3 4

¥~ ¥ 15000 #i -
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B 7 NRG Energy Parlsh CCS prOJect'

WA Parish 90% CO:-free
Electrical Generating processed flue gas

Y
CO; capture i CO; -0l Separator

CO: return

Flue Gas with CO: Oil sales ”

Pure CO:

for EOR Oil combined

with EOR CO.

_.‘r '\..
Naturally sealed
formation (Reservoir)

B 7 NRG Energy Parish CCS project(4)

yeho pag 9 BEAIM LSIPs i& » &3+ (Define)fg £ > CO2
FELEE 17 M-CO2lyr » 33+ 2017~2020 & B 48 #& o 3f 2 18 & pF
#2 1 2017 # % B FutureGen 2.0 Project 2 Sargas Texas Point
Comfort Project ~ 2017 +# j= f7 Rotterdam Opslag en Afvang
Demonstratie Project (ROAD) ~ 2017 # ¥ R * & Sinopec Shengli
Power Plant CCS Project ~ 2019 # # i Hydrogen Energy California

Project (HECA) % Texas Clean Energy Project ~ 2019 # & & Don
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Valley Power Project % Peterhead CCS Project ~ 2020-2021 & # &
White Rose CCS Project -
=y RFBEIFRZRRE AKX

% B NCCC (National Carbon Capture Center) % 7+ » p w» CO2 4
JE Fopey Byt 8 g B (pilot)fg b > FlptiE i 2 A F (4o 8) o x4k
NCCC 2 #7 » P v i iR & 22§ = A% F 47 Ak(NGCC) 9
1,000 USD/KW ~ % & 2% s 4 1 4F 5% (IGCC) % 1,200 USD/KW -
TR b % % 7 (SCPC) X 2,000 USD/IKW (4] 9) o b ¢k » iz g5 B %
iR % (IEA)ETER] » CO 4 4adtirs 7] 2030 £ 2. 154 F 5 € +
g tE MLaE R A A TR0 CO 3 MR & T & 2 e A2 4E 4 (R
10) -

IPCC % & 2 (2015)# & 3= F72. CO2 cost report » i ¥ %
2005 & 12 * IPCC Special report ”Carbon dioxide Capture and
Storage”ts 2. { ik d 0 LA Kp BT £ W2 RS HITE R
RErie 2o g jE = 28T 7 0 & 45 D PR 3 Sl ie(Post-combustion CO2
capture> 4= SCPC and NGCC)~ %t = 4 #% 4 jiv(Pre-combustion CO2
capture > 4- IGCC) ~ § ¥ &3 #w(Oxy-combustion CO. capture >
4 SCPC)% -

EEaEs o 2 WA Rat kT % % (National Energy Technology
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Laboratory » f§ # NETL)~ 3+ % & 2016 # 3 & 72 CCS Best
Practices Manuals v.2 (phase Ill) > 3% < i+ #-§_% 2009~2012 & CCS
Best Practices Manuals v.1 (phase Il){s 2. { #75% » ; 33+ 2020 &
NETL ¢ 15 # % 2 CCS Best Practices Manuals final guideline
(post injection)(®] 11) » Zi»~ 2 ¢ 7 CCSHF RN A ~ 2 F Ltk

BFER SR AN AN F 2 ERIE 2 TRIEE R MRS ET

Mook BEFSFEFERML

B8 mHFELFEZEE = &7 LB (NCCC, National Carbon Capture

Center)
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B i Terresinal 2010 2016 - Post MVA Phase il
**Reaqul ill be add d within various BPMs @n_
equlatory Issues wi addresse

B 11. CCS Best Practices Manuals % #p ) sxp& &
Ty REFFTEEHZR/GELFEEERG
BRItk #F B2 ApM 2 £ Rl v BRI 332 £
FI* 2w BE L LApH > W ERE e £ 1A RSB JF 0 RS
BARE RO A £ BRGE 2 PR R o

(- )% B T @1 §r+41* % (Underground Injection Control - f§ -
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2 ® EPA : ’?IE’—_COzirJ %?i%% » 2010 £ 12 * * 4% kX%

DEZ2 B TEAF 4] % (UIC, Underground Injection Control)
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WM R F P ek UM B R 2 1 g

Mo F R TIRAHY  BAFT 2 (FE AR 12

Class VI Permit

appication submission - Gl@ss VI Permitting Process

Class VI Permit to

« Technical review of permit application information Construct Issued
Testing and Monitoring Plan

Financial Responsibility
Demonstration

PISC and Site Closure Plan

Site Characterization Data

Proposed Operational AoR Delineation and
Information Corrective Action Plan

Proposed Well Construction o zs i Ll Gl T

Emergency and Remedial
Response Plan 4

B 12.UIC Class VI % ¥z 425

d 2> UICClassVI £ # A #FIE7? PR b2EFHEF
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>~z

Pacific Northwest

UIC Class VI Permit Timeline

Proudly Operated by Ballelie Since 1965
Gravif
Morgan Sivey , o e
e ) Storage Site Characterization Activities
election
ihal!?w
quifer
Monitor- Hydrologic 7
ing Well esting o
ZDS-Seismi(
urvey ' '
VSP Closeout of
Strat. Well Survey Federal

Support

Data processsing and interpretation +
multiphase flow modeling

Sxus it EPA's Technical Revi
UIC Permitting Process  |soicinll  neponc ot niaucst o ?
EAB decision
‘ * still pending

March 2013 March 2014 August 2014
Permit DRAFT FINAL PERMIT
g\pflisalion DECISION DECISION
The permit in brief:
e Initial characterization + data processing and interpre- Public Comment
Period (EPA)

tation + modeling before submission: > 2 yrs
e Permit Preparation: 6 months
e EPA Review + FutureGen additional information: 1 yr

Responses to Public
e Appeal: 6 months so far...

Comments Preparation (EPA)

| 3

B 13. 2 B UIC VI CO:% T @325+ ¥ 3428 (FutureGen 2.0)
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Project Construction & Permitting Timelines

Comprassi
Compression Facility Injection and Monitoring Start up
3D Seismic Groundwater Facility Test Well Mechanical Well Construction & Operation
Survey Completion Completion

y 0 0 U J )

Design and Engineering Facility Construction O::S[;:?m

Facility Construction CCS#1 Injection Operation Post Injection Monitoring

2011 2012 2013 2014 2015

Notice of

Completent USEPA
Submit D ation USEPA USEPA USEPA_Permit Injection
Permit Lowarmost Accepts Draft Final Finalized Authorization
Application LsowW AoR Decision Decision

* * * * kK *

USEPA Technical Review Period .
Parmnlt Public Appeal
Application Comment Period
Preparation Period

USEPA USEPA USEPA Response to Completion
Information Information Information Public Reporting
Request #1 Request #2 Request #4 Commen its.
General General Financial
USEPA USEPA

Information Information

Request #3 Request #5

Model Inputs. PISC

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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. - R ﬂ 2 s g y !
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(British Columbia) 4 - & & fE#7+3 ficif (Saskatchewan) % » # #

BF 4Bl 15 #m o YA BN BT E R X AFHE TR A

£ 2008 i P Frdy 31 CCS 324 A AW = § LR enE B
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# P IFEE
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MINISTER OF ENERGY

f

RECOMMENDATIONS

STEERING

COMMITTEE

MONITORING,
MEASUREMENT REGULATORY GEOLOGY/ ENVIRONMENTAL
& VERIFICATION TECHNICAL
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Organisation of ISO/TC 265

WG1 Capture

Chairman Advisory Takaudi Higashii, RITE, Japan

Group
WG2 Transport
A.Hilgenstock, EON Ruhrgas, Germany
Technical Committee WG3 Storage
Cha"ma"é Sandra LOCKE, S.Whittaker, GCCSI, Canada
anada

Secretary Jeff Walker, Canada Kinichiro Kusunose, Japan
Mei Liu, China
WG4 Quantification & verification
Ad hoc Group Bo Peng, China Univ. Petroleum, China

scoping document
' Javad Sunde Fahadi R.Farret, INERIS, France

-N . .
erway WGS5 Cross cutting issues

Ad hoc group . .
Strategic business plan H.Quinquis, IFPEN, France .
Peter Rainer - UK Xiaochun Liu, Chinese Ac. of Sc., China

[ 17. 1SO TC265 % 4
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