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Current Position

o Nick Otter continues as PIRT chair, agreed with
UK and Australia, with move to Australia as |
CEO Of GCCSI CSLF Technology Roadmap L

CONTENTS

[CONTENTS XEEDS TO BE CONSISTENT WITH SECTTON NUMBERING ETC)

o Responsibility for 2008/09 revision of the 2004
TRM retained UK (and hence with Nick Otter
with drafting support by GCCSI)

o Revised draft discussed in 12" March 2009
teleconference between UK and USA, France,
Norway, Australia, Saudi Arabia — comments
and revisions forwarded to GCCSI via the
CSLF Secretariat
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Process (continued)

o Intermediate draft sent out in week of 23" March to PIRT
and Technical Group for discussion at Os|o — 313t
March/1st April 2009

o Requirement of additional comments by 17" April 2009,
for full draft by end of April 2009

o Final draft by mid-May 2009 for PIRT/TG sign-off

o Presented to Policy Group for review and endorsement,
June 2009

o TRM to be tabled at Ministerial Meeting in October 2009
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Key Changes - Summary

o Key technology needs in capture, transport and storage

o Substantial revision on storage — technical details and gap
analysis

o Updates and analysis of performance and costs of CCS
options

o Review of global activities in CCS since the 2004 TRM

o Greater focus on other emitters such as industrial processes,
oil and gas production — not just stationary electricity
generation
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Key Changes — Key Technology Needs

CSLF Milestones by Topic and Timescale

Demonstrate large-scale advanced, affordable
capture systems

Make commercial capture technologies

Research and develop scaleable low-cost
Capture P available

capture technologies

technical standards

© Forward-looking Determine allowable CO; mpurties

Transport Model optimal transport network between

i

|

;

|

|

i

milestones mapped :
(from 2009 to 2020+) |
|

i

|

|

|

|

I

. . N Establish infrastructure emplacement
Establish regional multiple source networks

Develop global atlas of storage capacity

O TeC h n |Ca| R 0 ad M ap Storage Initiate large scale injection and MMV tests

Establish best practice guideli and risk 1t

Refine global atlas of storage capacity
Complete injection and MMV tests
C cialize MMV technologies

Implement commercial operation of storage
sites

methodologies for site estimation, selection tion,

FIgUI'e 17 |n document closure and MMV o

developed and cross-
checked/correlated with
CS LF/I EA/G8 Initiate large scale projects

. Establish guidelines on the design, cost, operation and Build operational experience with CCS . . "
Integration | ; A £ CCS includi s for CC P p Achieve commercial re_adlness through
n ”IeStones g :_Zt:dgi;aet;n of CCS including protocols for CCS Demonstrate next generation technologies successful demonstrations
Build a comprehensive project database I

Improved cost effective technologies and long-term safe storage of CO;

O Suggested project areas sooa > o
address identified gaps —
set out as boxed text
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Key Changes — Revisions to Storage

o Substantial revision to storage —
technical details and gap analysis

o Geological storage in section 3
expanded to provide more details
on geological storage types

— deep saline formations, unmineable coal Geological Storage Options for CO, ProdLcad o or gae
. . 1 Depleted oil and gas reservoirs === Injecte
beds and depleted oil/gas reservoirs e 210 i ok St 00,

3 Deep unused saline water-saturated reservoir rocks
4 Deep unmineable coal seams
| 5 Use of CO, in enhanced coal bed methane recovery
6 Other suggested options (basalts, oil shales, cavities) = s o 4 5

o Diagrams updated to reflect
greater range of storage options
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Key Changes - Performance of CCS options

O Recent studies on performance and
costs accessed

— text and figures updated

60+

50+

o Notwithstanding regional factors, ... |

Efficiency LHV 304

significant variations exist between
sources

10+

- - 0,
o Review team chose the most credil NGCC NGCCuith PCHard PCHard IGCC (dry IGCC (dry
without capture coal coal with slurry)  slurry) with
t ithout t ithout t
SO u rces capture (\;A:ptzl:e capture :;ptzt:e capture

- but there is still a lot of work to be
done In this area
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Key Changes — Costs of CCS Options

Performance and cost measures New NGCC plamt New PC plant New 1GCC plamt
Hamge Hep. Bamge Rep. Range Rep.
Low High value | Low High valie Low High | value
Emuviion rate without capture (kpCOkWR) | 0344 - 0379 0367 | 0736 - 0811 0762 0682 - D846 | 0773
Emusncs raee with capoge (kpCO, TWh 0040 - 0066 0052 | 0092 - 0145 oz 0065 - 0152 o108
Pereentage CO, reduction per KWh (%) LEIE 1] Bl - 1] i1 - 9 56
Plast efficiency with captuse, LHV basas (% ) 47 - 50 45 0 - 35 33 il - a0 5
Capbse coergy requuement (% moene mpat] 11 - 22 16 3 . & 3 4 - 2 1%
kWh)
Total capital pequirement without caphuce 515 4 568 1181 1486 1286 1169 1565 1326
(US5EW)
Total capatal sequirement wath captue 09 - 1261 958 189 . 2578 2056 414 - 20 1825
(US5AW)
o Updates and analysis of costs of CCS options il Batberll Rl Ml Bl Bl
%)
p y p COE withom caprure (LSS EWh) 0031 - 000 0037 | 0043 - Q032 o 004l - 00sl | o047
COE with capoare caly (USSEWE) a3 - oM 0054 | 0062 - 0086 ) 0OT3 | Q0S4 - 0079 | 0042
Increase m COE with captuze (USSXWH) am? - 00M 0017 | 0018 - 0OM | 0027 o008 - 0022 | o0l6
Pereent werease m COE walk capmune (%) -8 £l 2 - % 5 20 - 35 B
- - - . - Coat of pet CO, capned (U'S3400,) W - 33 % - 5 41 13 - 37 Z
o Huge variations in estimated costs — again [ Ep e T —— i =
b}

credible sources mined for ranges in costs

o Component costs for capture derived to R h--
produce indicative cost bars (at left) for NGCC, e B

PC

PC and IGCC
CCS capital cost
CC8S efficiency penalty cost

Total power station with CCS cost US$1,148m ‘

o Would have been useful to include other iscc

technology types but difficult to find work from ot —-.
reputable sources with findings that closely

Total power station with CCS cost ‘

correlated with the prime sources used in the ey
analysis
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Updates Needed — Costs of CCS Options

Performance and cost measures New NGCC plant New PC plant New IGCC plant
Range Rep. Range Rep. Range Rep.
Low High value | Low High value Low High | value
Emission rate without capture (kgCO/kKWh) | 034 - 0379 0367 | 0.736 - 0811 | 0762 | 0.682 - 0846 | 0773
Emission rate with eapture (kgCO./kWh) 0040 - 0.066 0052 | 0092 - 0145 0112 | 0065 - 0152 | 0108
Percentage CO, reduction per kWh (%) 83 - 88 86 81 - 88 85 81 - 91 86
Plant efficiency with capture, LHV basis (% ) 47 - 50 48 30 - 35 33 31 - 40 35
Capture energy requirement (% increase input/| 1 - 22 16 24 - 40 31 14 - 25 19
kWh)
Total capital requirement witheout capture 315 - 724 568 1161 - 1436 1286 1169 - 1565 1326
(US3/KEW)
Total capital requirement with capture 909 - 126l 998 1894 - 2578 2096 1414 - 2270 1825
(USSEW)
Percent increase in capital cost with capture 64 - 100 76 M - 14 63 19 - 66 37
(%)
COE without capture (US$/kWh) 0031 - 00350 0037 | 0043 - 0052 | 0046 | 0.041 - 0061 | 0.047
COE with capture only (US$/kWh) 03 - 0072 0054 | 0062 - 0086 | 0073 | 0054 - 0079 | 0.062
Increase in COE with capture (US3/&Wh) 0012 - 0024 0017 | 0018 - 0034 | 0027 | 0009 - 0022 | 0.016
Percent merease in COE with capture (%) 37 - 69 46 42 - 66 57 20 - 55 33
Cost of net CO, captured (US3tCO.) 37 - 14 33 29 - 51 41 13 - 37 23
Capture cost confidence level (see Table 3.6) moderate moderate moderate

o Costs and technical details for NGCC, PC and IGCC are based
on 2005 IPCC report with data from 2002

o Good scope for updating these values, particularly as the IPCC
data was assembled from various sources

o Drafting team is working with US contributors (and others) on
getting more up-to-date information
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Key Changes — Global Activities Since 2004

o The 2004 TRM showed project
locations for (then) current and
proposed projects

o Different emphasis for 2009 TRM —
maps revised to show increase In

activity levels between 2004 and
2008

o Project lists consolidated, additional
projects provided by PIRT members,
url references attached to project to
allow for "live" navigation

10
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Key Changes — Other Large Emitters

o More inclusive references to other industries and
processes

o The steel industry in particular is acknowledged because
of global activities that are taking place

o The European based ULCOS (Ultra low CO,
Steelmaking) has CCS as an important component for
the industry to move towards a low carbon future

‘Top gas recycling
~ blastfurnace

L]
! /
A

Overall ct:)z

11
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Key Messages

o Key focus needs to be where true knowledge gaps exist
rather than gaps due to inertia

o A need to harmonise with other bodies in this area — IEA,
GCCSI etc to achieve a common outcome

o Importance of integration — CCS to be considered as a
complete package ............... . hot as a set of independent,
discrete elements

o Integration/demonstration message has been expanded in
the “suggested project areas™ and the "Roadmap "table

o Compliance and consistency with IEA TRM for CCS and co-
ordination action between IEA, CSLF and GCCSI

12
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