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CO, Capture Project - phase 4

Advancing CCS technology deployment and knowledge for
the oil and gas industry

CCP4 presentation to CSLF Technical Group — 2" November 2015
Nigel Jenvey (BP): CCP Chair
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This presentation has been prepared for informational purposes only. All
statements of opinion and/or belief contained in this document and all views
expressed and all projections, forecasts or statements relating to expectations
regarding future events represent the CCP’s own assessment and interpretation of
information available to it as at the date of this document.
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CCP Overview and Accomplishments CCP @{

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

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

2000-2004 2004-2009 2009-2014

2014-2018

Intensive Demonstration
development phase

Screening/proof
of concept

Further
Advancement

“Independent “Global network of
Verification of Cost and external partners”
Performance”
“Technology impartial” “Effectively managed and run”
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CCP3 Capture Program cCp ((\%
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Oxy-firing demo at a refinery FCC unit Oxy-firing demo at a production OTSG
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Image courtesy of Petrobras ' Image courtesy of Cenovus Energy Inc.
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CCP3 Storage Program
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Contingency planning desk-top study

Leakage The CCP3 Project at T —— \ ¥ e :
Detection ' Stanford addressed all . 2 . , 7
Seismic imaging % SR ‘ \ ! !Vﬁ

the issues (shown in m
Pressure Leak red) .
Micro-seismic Characterization ’
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Seismic imaging
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Logging .
Sampling Intervention

Passive remediation .
Hydraulic controls

Accelerated trapping

Reactive barriers Assessment
Polymer barriers
Modeling

Seismic imaging

- R
- B
De
Q.‘L,nb"’v Onshore
°nelle D.g.g #2
\

=5

*

Logging Completion
Pressure
Modeling and simulation topics covered for Stanford / CCP3 D9-8 wellhead as completed with control lines penetrating
Contingencies study through port collars and collar sleeves.
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CCP3 Policy & Incentives (P&l) Program -~ ~

Regulatory Study, 2012
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Local community benefit sharing Study, 2011
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CCP3 Communications CCP @

Knowledge Sharing Public engagement
www.co2captureproject.org Conferences www.ccsbrowser.com

Contact Us | Privacy Statement | Cookie Information | Legsl notice
Reglster for Update ‘ Search search @ ]
CO; capture Project

i 0 ¥ @

» Horme »Process P Storage  kTechniques b Targets ¥+

CCS Browser

Aguida to COzCapture and Storage

PROCESS STORAGE
j ; i i fes worki (CS Brameer s heen rzted by the (0
The €O, Capture Project (CCP) is a partnership of several major energy companies working The CCS Brovser s been caed by the (0, i " . .
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See how the CCS Browser works
Tyt How do we ensure CCS works? ¥ What difference can CCS make?
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- UNFCCC (Side events) o [
« COP 16/17/18/19in MX, ZA, QA, PL
*  GHGT (Sponsor/Exhibitor/Presenter)
CER & @~ « GHGT10/11/12in USA, JP, NL
i e eicne * CCUS Conference (Partner/Exhibitor/Presenter)
e March 2009-2014 in Pittsburgh, PA
*  CSLF (Recognized Project/Exhibitor/Presenter)
« 4-7" November 2013 in Washington, DC
* CO, Conference Week (Sponsor/Presenter)
*  December 2012-2014 n Midland, TX

iminats C0; 2miss:

MNew: CCP 2013 Annual Report
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CCP4 Draft Framework CCP (-\

Tactical Demonstration (applicable for short-medium term)
Capture: Development & field testing high-concentration CO, sources
SMV: Development & field testing Measurement Monitoring & Verification
P&I: Regional Incentives & Global Regulations

Comms: Industry Knowledge Sharing

Strategic Deployment (applicable for medium-long term)
Capture: Breakthrough Technologies, NG Power/Cogen

SMV: Basin Scale Development and Operation

P&l: FOAK to NOAK Pathway

Commes: External Stakeholder Engagement

Advancing CCS
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Assessment
D |

Step-out Novel Capture Technologies
" " des o O

Study Purpose:
* Target is >50% reduction in the CO, capture cost for NGCC application

WP1 Appraise Stagegate WP2 Select

) ) C—.r r ) i
« CO, selective > | .
membranes, _ '_ '

I
I
I
I
I
[

« Molten Carbonate Fuel .

I

I
Cells, : I
» High-Pressure Solvent One or more |

technologies chosen

I

I

J

Absorption (integrated -
and non-integrated
with power generation)
« Low-Temperature CO,

Freeze-Out , _

from WP1
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Development of High Concentration
CO, Sources CCP (@

S~ X

1. CO, Capture from SMR H, Plants
Study Purpose:

« Evaluate various CO, removal process schemes in a SMR hydrogen plant and
estimate the cost of CO, capture

Flue gas

CO, capture
Option #3

Steam
reforming

CO, capture
Option #1

Shift

coO (dpth

By firing H2 fuel instead of

NG/light HC, CO2 Capture Option #2

rate could be increased for
options #1 and #2.

PSA tail gas

Image courtesy of Amec Foster Wheeler
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Development of High Concentration
CO, Sources CCP @{
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2. Offshore NG Treating
Study Purpose:

« To inform and align CCP on the state of the art in offshore CO, removal and identify
potential technology development projects and provide a basis for deciding whether to
invest in one or more of them

Image courtesy of Petrobras
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CCP4 Capture Program — Future Field
Testing Projects CCP @

Purpose:
Participate in field testing projects to advance CCS technology deployment in oil
and gas scenarios

Field testing options:
1. Novel capture technology — post combustion capture - NGCC

2. CO, removal from SMR syngas streams — pilot/demo of a novel
technology with cost advantage over MDEA

3. CO, removal from natural gas streams — potentially a membrane
technology demonstration
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Well-Sealing Experiment at Mont Terri -~ (
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Study Purpose: s

« Determine ability to intervene in difficult to mitigate,
small aperture CO, leaks in annular space or
cement sheath using novel materials

Experiment Layout

| Heating module

» pilot borehole

' packer

Interval 2:

|grout packer 2
7.70m . o
c cement back flow line
2 casing (140/120 mm)
870 m |
- - Casing equipped with pres-
. m

sure measurement and or
injection rings

10.70 m
11.70 m

1270 m |

13.70m

1390m J grout packer 1

|
Heating AN
PT1000 lines  borehole1sgmm
temperature J

probe

injection
and
pressure ;
measurement
lines

SRR E R SRR SN SR

Interval 1: injection

interval

14.40m

198 mm (~7.8") X~ overcoring  TF 10.5.2013

Images courtesy of Mont Terri Consortium / Solexperts AG
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Demonstration of de-facto CO, storage
at a CO,-EOR site i ccr &

7 )

A Injection well
® Sample well
* Other well

Study Purpose:

« Utilize results from simulations and
experiments to characterize and quantify / /
the different trapping mechanisms that W7,
contribute to retention of CO, in a reservoir
during the course of a CO, EOR flood.
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Image courtesy of UT-BEG
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CCP4 SMV Program —Future Field
Testing Projects CCP Qf(\

1. Contingencies: 2. Field-based monitoring:
* Fracture-sealing experiment at Mont » Modular Borehole Monitoring (MBM)
Terri tool

* Intervention in failed P&A wells » Repeat EM survey at Aquistore

Pressure Isolation
& sensor cablng

Packer

Tubing
Clamg

Geophone Module &
Clamp

\,

Image courtesy of Mont Terri Consortium Image courtesy of LBNL
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CCP4 P&l and Comms Program cep ( %
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CCP will continue to share knowledge and inform on CCS

Contact Us | Privacy Statement | Cookie Information | Legal notice
C C P @ Register For Updates Search search @
_ bowtus  CCSExplained  OurActvity Carbon Dioxide Capture for Storage
& in Deep Geologic Formations
e —— - P g theco, . COz Capture Project
3 2 ,
) e 4

Learn more about
e nd

o ey e =
storage by visiting o @
CCS Browser e
T
A guide to COzCapture and Storage Thers [ o) C N
Prject Facsheetoss = L€ Carbon Dioxide Capture
There: o
CCP Contingencies e o b S - ~ |
g et — , 33 for Storage in Deep
CCP is a partnership of major energy companies working together to advance the 4 e in 2000 8 6D G | . F .
technologies that will underpin the deployment of industrial-scale CO: capture and —— e 4 |
storage (CCS) in the oil & gas industry. ccs. A visie d & €0 OgEC ormations
ko s st et i
Since its formation in 2000, CCP has A I Re o> Ok s 0 ﬁ’ m th ( o re Pr
sl o chevron S e FE|  Resultsfrom the CO, Capture Project
increase understanding of the science, ‘ Report on progress of S 5 J— - R £z
economics and engineering applications o CCP projects and S (231
for CO; capture and storage in the nirations iy s, ). H @
industry. The insights from this work are 3 o st [cared
aritical in helping to reduce or eliminate —8 E e
€O, emissions associated with ongoing — s A, Rt p— 5 %1
use of fossil fuels. BR Savai Portee, Senior Associeie, WAt 4
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CCP, Phase Four Participating Organizations

Email alerts sent to 5,000 registered on website, hard copies distributed at conferences/workshops/meetings

Factsheets Annual Reports Special Editions
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