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CLIMATE CHANGE 2001

About IPCC

Founded 1988 by UNEP and WMO

No research, no monitoring, no
recommendations

Preferably peer-reviewed literature
Authors academic, industrial and NGO
Reviews by Expertand Governments
Policy relevant, but NOT policy prescriptive

Summary for policymakers: government
approval

Fourth Assessment cycle 2003-2008
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Key Issues addressed in this presentation

The IPCC Special Report on CCS (2005)

« Whatis CQ capture and storage?

e Sources, Capture, transport

« Geological storage, Ocean storage, mineral carbonation
e  Maturity of the technologies

« Cost and potential

 Health, safety and environment risks

The IPCC WG Il AR4: mitigation of Climate change (2007)
« CCS : transient or expansion;

« CCSreadiness of power plants

* New cost and potential estimate in 2030 ; LT potential
‘take home’ messages
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CQO, capture and storage system

/ Processes:
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Global large stationary C{3ources with
emissions of more than 0.1 MtG/gear

Process No. of sources Emissions (MtCO,/yr)

Fossil Fuels
Power (coal, gas, o1l and others) 4,942 10,539
Cement production 1,175 932
Refineries 638 798
[ron and steel industry 269 646
Petrochemical industry 470 379
O1l and gas processing N/A 50
Other sources 90 33

Biomass
Bioethanol and bioenergy 303 01

Total 7,887 13,466
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Overview of CO, capture systems
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 Additional energy
use of 10 -40% (for ... 7777 "“"™™
lan

« Capture efficiency:
* Net CQ, reduction:

e Assuming safe

Capture and transport energy
requirements

same output)

85 - 95%

80 - 90%

Storage ccccccccccccccccccc




Capture energy requirements

Power plant Thermal eff. | Thermal eff. |Increased
(new) without with primary energy
capture capture use/ output
(LHV),% |(LHV), % electricity %
Pulverized Coal 41- 45 30-35 24 - 40
NGCC 55 -58 47 - 50 11 - 22
IGCC 38 - 47 31-40 14 - 25
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Geological storage

Overview of Geclogical Sterage Opfions

1 Cmvpltad o and gac ragsTis

2 Use of CO, n enhanced ol and gas recovery o T PO
A AL

3 Deep sabne fomakcns — (o) ofshome (b)) onsfore
L4 Useof GO, in enhanced coal bed mathans recovery
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Planned and current locations of geological
storage

DSnohwi
Sleipnerg
../Alberta Basin (43) © :
Pembfna*I‘ gy CSEMP* +* I:IKEtzm*
Fenn Big Valley* % Weyburn* K12B* *Recnpn! E S
g ¥ Ancona Bati Roman Qinshui Basin Yubari*
Teapot Dome*[ I Salt Creek : {rﬁ oy o
San Juan Basin *i_West Texas (70) Buicis *\ Karakus Shenglix  MMinami -
“""‘-Frin* .In = Marma Kuzey Fiache MNagaoka
17 Gulf of Mexico *Umm Al-Ambar
Lake Maracaibo % F1rinidad
o o i
W CO. storage Rio Poj Field
O CO:storage - proposed REATE 0 Gorgon
W CO,-EOR/EGR /ECEM .
¥ CO,- EOR | EGR / ECBM - proposed endoza i
i 1 Otway
A prid Gas
*  Comprehensive monitoring
{43) Mumber of projects, if =1 —_
Area with multiple projects Sﬂarfg}Elzmualuf
¥ T
@*} INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC) f";&
A WY
WMO



Geographical relationship between
sources and storage opportunities

Storage prospectivity

@ Highly prospective sedimentary
basins
Prospective sedimentary basins

Non-prospective sedimentary
basins, metamorphic and
igneous rock

Data quality and availability vary
among regions

Prospective areas in sedimentary basins where suitdiole fsamations, oil or gas fields, or coal beds maydoumd. Locations for storage in
coal beds are only partly included. Prospectivity is a quaktatssessment of the likelihood that a suitable stocageion is present in a given
area based on the available information. This figureldhmeitaken as a guide only, because it is based oalghata, the quality of which may
vary from region to region, and which may change ¢ivee and with new information (Courtesy of Geoscienastralia).
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Geographical relationship between sources
and storage opportunities

Stationary Emissions

Mt COzPer Year
01-1

1-5
5-10

10-15
15-50

Global distribution of large stationary sources of,(&ased on a compilation of publicly available informatemnglobal emission sources, IEA
GHG 2002)
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Ocean storage

CAPTURE

Gaseous or
liquid CO,
- Rising plume
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Sinking plume
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Mineral carbonation
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Maturity of CCS technology

e Research phas®ans that the basic science is understood, but the

technology is currently in the stage of conceptigsign or testing at the
laboratory or bench scale, and has not been dematecstin a pilot plant.

e Demonstration phaS&ans that the technology has been built and

operated at the scale of a pilot plant, but furtherelopment is required
before the technology is ready for the design amgsituction of a full-scale
system.

 Economically feasible under specific conditions
means that the technology is well understood aed usselected commercial
applications, such as in case of a favourabledgire or a niche market,
processing at least 0.1 MtGx , with few (less than 5) replications of the
technology.

o Mature markemeans that the technology is now in operation with
multiple replications of the commercial-scale temlogy worldwide.
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Maturity of CCS technology

Post-combustion | ndustrial

DAL . separation
combustion Pre-combustion
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Costs

Two ways of expressing cost®ifferent outcomes:
o Additional electricity costs

— Energy policymaking 0.01 - 0.05 US$/kWh
community

 CO, avoidance costs
2 | _ 20* - 270 US$/tCQavoided
— Climate policymaking

community (Wig;f;} 0*— 240 USS$/HCO

* low-end: capture-ready, low
transport cost, revenues from
storage: 360 MtCLQyr
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CCS component costs

CCS component

Cost range

Capture from a power plant

15 - 75 US$/tCOnet captured

Capture from gas processing or
ammonia production

5 - 55 US$/tCQOnet captured

Capture from other industrial
sources

25 - 115 US$/tCOnet captured

Transportation

1 - 8 US$CQtransported per 250km

Geological storage

0.5 - 8 US$MCQinjected

Ocean storage

5 - 30 US$/tCQinjected

Mineral carbonation

50 - 100 US$/tCOnet mineralized
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Economic potential

o Cost reduction of climate change stabilisati®®®o or more

 Most scenario studies: role of C@&reasesver the course
of the century

« Substantial application above ¢frice of 25-30 US$/tCQ

e 15 to 55%of the cumulative mitigation effort worldwide until
2100

o 220 - 2,200 GtCQcumulatively up to 2100, depending on
the baseline scenario, stabilisation level (450 - 750 ppmv),
cost assumptions
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Storage potential

Geological storagdikely at least about 2,000
GtCGQ, in geological formations

"Likely" is a probability between 66 and 90%.
Ocean storagen the order of thousands of
GtCQO,, depending on environmental
constraints

Mineral carbonationcan currently not be
determined

Industrial usesNot much net reduction of CO
emissions
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Health, safety, environment risks

* |n general: lack of real dataso comparison with
current operations

* CO, pip€lines: similar to or loweithan those posed by
hydrocarbon pipelines

» Geological storage:

— appropriatesite selectionamonitoringprogram to detect
problems, aeqgulatory systepremediation method® stop
or control CQ releases if they arise:

— comparable to risks of current activities (natural gas storage,
EOR, disposal of acid gas)
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Health, safety, environment risks

e (Ocean storage:
— pH change
— Mortality of ocean organisms
— Ecosystem consequences
— Chronic effects unknown

 Mineral carbonation:
— Mining and disposal of resulting products
— Some of it may be re-used
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CCS In the Fourth Assessment
Report of IPCC WG 3 2007 (1)

e IPCC 2005: expansion towards 2100

 |[EA 2006: CCS Is ‘transitional’, peaking at
2050 and declining thereafter

 CCS and biomass could return CO2 conc
below 450 ppm
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CCS In the Fourth Assessment
Report of IPCC WG 3 2007 (2)

e ‘Make power plants CCS-ready If rapid
deployment desired’

e Significant pre-capital investments not
justified
* Detalled reports not yet published
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CCS In the Fourth Assessment
Report of IPCC WG 3 2007 (3)

Global potential reduction and costsfor CCSin 2030
Power |Share % |Avoided |Costs |Costs
plants emissions |yss$/ |(US
with (GtCO2/ly) |tco2 | ct/kWh)
CCS

Coal 6 0.49 (3%) |22-42 |2-4
Gas 6 0.22 (1%) (43-79 |1.3-2.4
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‘Take home messages’

1. Potential 15 -55 % of mitigation effort to 2100 , but no
silver bullet - portfolio needed to address climate change

2. Reduce overall mitigation costs (30%) by increasing
flexibility in achieving greenhouse gas emission
reductions

Energy requirements still considerable ( 10-40 %)

4. No substantive deployment unless Cfarket price
over 25-30 USD/tonne Cfo offset costs

5. Risks comparable to current industrial activities, but
more experience needed
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THANK YOU FOR YOUR ATTENTION!

M or e infor mation;:

www.ipcc.ch

Reports published by
Cambridge University Press
Order at www.cambridge.org
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