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Ocean acidification, warming,
And not much UK progress
........ easy gains are done
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The Chinese coal target:
dominates world CO , by 2012

Missing the UK CO, target
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2) CCS worldwide potential

CCS can halve
the CO, problem

CCS

Deep saline aquifers 400 - 10,000 Gt (16 - 400yr)
Oil and gas reservoirs 930 Gt (37 yr)
o Coal deep seams 30 Gt (1 yr)  (eacHe 2004



What is CCS?
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Capture, then reservoirs
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The vision

Scotland is well placed to
extract offshore resources
and re-use sites for storage

coal + gas + renewable
= diversity + variability
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CCS benefit: Enhanced OIll Recovery
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/- Produces 1,500 M bbl stranded oll

* Oil extraction from 50% to 65% (90%)
 Employs 12,000 people, 20 platforms
e Treasury tax gain $ 75 Bn

C Stores 20 years CO, emissions

~

/

EOR
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a :
Avoids as much CO,

as ALL wind 2005

C UK onshore y

fThe Miller oilfield, in the UK North Sea, is planned to be the world’s first site to\
store CO,. This will take 1.3Mt CO,, /yr from 350MW onshore gas-power

generation at Peterhead Power Station. This will be the worlds largest
\, hydrogen power station, and will power 250,000 homes with clean electricity )
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Sleipner CO, re-injection:



Monitoring: 3 year seismic
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Emissions
+ costs

Electricity now, and with CCS —> With CCS

Gas 3.4

Gas with CCS 44-58pkwhr ( +CostandCO,0fCCS ™\
overlaps with nuclear + wind

Coal 2.6 p/kW hr and may be cheaper

Coal with CCS 3.7 p/lkW hr Coal

retrofit (Babcock) 3.25 p/kW hr (China + UK) o Competitive for base-load

_ electricity,
Nuclear SizewellB 6.0 p/kW hr synergy with renewables
Prognosed fleet esry (2.5) - 4.5 p/kW hr

wind eom 4.2 - 8.4 p/kW fr \- Reduces CO, from 2010/
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Safety: seal + overburden

Edinburgh research is developing
techniques to assess CO, seepage rates
Stuart.Haszeldine@ed.ac.uk — .




World CCS R+D+D sites
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Full-scale CCS
Demonstrations active now

Elsam Denmark

Post-combustion capture from coal

Beulah, North Dakota

Pre-combustion brown coal to gas

Snghvit, Norway

Separation from produced gas
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Blockages

e Politics of global change
CO, value-chain to 2030

« Changing behaviour
 Reducing demand -
Public confidence

» Offshore treaties, licensing, business links e
Finance CO2 or electricity for pilots .
ROC (ccs), Low Carbon Auctions .
Monitor and Verify ==> safe enough
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Conclusions

1)

2)
3)

4)

5)
6)

CCS is very achievable +
compliments renewables

Price is competitive p/kWhr

UK is exceptionally good
on-shore and off - shore

CO, reduction is VITAL to
limit temperature rise : 2010

Industry is ready

Price CO, for several full-
scale demonstrators ==>
choice + renew + nuclear
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» Tax the extra oil, make £75 Bn
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Natural analogues
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Full-scale plans

Peternead-Miller
Pre-combustion gas & EOR
350MW 1.3MtCO2/yr

Tjeldbergodden-Draugen
Post-combustion gas & EOR
860 MW 2.5 MtCO2/yr

Carson CA
Pre-combustion pet-coke & EOR
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Timescales




Reasons : 3 solving China

china //, <\\
China:
» World largest coal producer
* Double by 2030
* 67% of all China energy
e CCS demonstration 2010 -14
- /

2005

e CCS demonstration 2010 -14 w
e Stabilise at 2005 levels

—
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