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CRITICAL ROLE FOR CARBON CAPTURE & STORAGE
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LONGER TERM POTENTIAL FOR BIOMASS WITH CCS?
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Tyndall UK aviation emissions projections for 2050 ~ 30 MtC
RCEP estimates for max UK biomass productionby 205 0  ~ 60 Mt
Carbon content of biomass ~ 24 MtC
Carbon captured using biomass with CCS ~ 90%
Energy recovered compared to use without CCS ~ 75%

Oil price equivalent of $50/tonne CO2 $22/barrel
Transport Atmosphere carries CO , from plane to plant for free!

But need to supply biomass to CCS plants



THREE WAYS TO CAPTURE CARBON DIOXIDE

e Post combustion
No change to main plant

Separate CO, from N,, H,O and O, in combustion products
Big plant, separation itself takes energy
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* Pre-combustion
Don’t naturally have CO, before combustion
Convert fuel to H, + CO, instead of burning to H,O + CO,
Separate CO, from H, at high pressure
Separation more efficient but lose energy to produce H,
and when burning H,, in power plant

e Oxyfuel
Separate oxygen in air from nitrogen

Burn fuel in oxygen to give CO, and H,O
Clean and compress to give concentrated CO,
Requires new equipment to be developed



Post-combustion capture (IEA GHG www.ieagreen.co.uk)
For power plants and industrial processes
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Statoil/Shell 860 MW gas fired
power plant, Draugen, Norway



IGCC with Pre-combustion Capture (IEA GHG www.ieagreen.co.uk)



Oxyfuel Capture Concept

Source: IEA GHG



SUMMARY OF IEA GHG STUDY RESULTS FOR COE WITH CAPTU RE

Seawater cooling, 25 year life, 85% load factor,10% IRR, $50/tonne coal, $7.3/MMBtu gas



Lowest cost
generation as
a function of
gas and
carbon prices

Coal price: £1.4/GJ
25 year plant life,

10% IRR



Proposed full-scale (~300 MWe and above) CCS projects

(Based on media reports, press releases and persona

| communication so indicative only!)

Company/ Project Name fFuel Qutput dapture Start
technology

Progressive Energy, Teeside, UK Coal (petcoke) 800 MW | Pre-combustion |2009

BP/SSE DF1, Peterhead/Miller, Natural gas 350 MW | Pre-combustion | 2010

Scotland

Powerfuel, Hatfield Colliery, UK Coal ~900 MW | Pre-combustion 2010

BP DF2, Carson, CA, USA Petcoke 500 MW | Pre-combustion |2011

Statoil/Shell, Draugen, Norway Natural gas 860 MW | Post combustion |2011

SaskPower, Saskatchewan Lignite coal 300 MW | Post combustion |2011

Canada or oxyfuel

E.ON, Killingholme, Coal 450 MW | Pre-combustion? |2011

Lincolnshire coast, UK (+petcoke?)

Stanwell, Queensland, Australia Coal N/A | Pre-combustion |2012

Futuregen, USA Coal 275 MW | Pre-combustion 2012

RWE, Germany Coal 450 MW | ? 2014

RWE, Tilbury, UK Coal ~500 MW | Post combustion 2016

(capture ready)










The Gleneagles Communiqué

14. We will work to accelerate the development and commercialization of
Carbon Capture and Storage technology by:

(a) endorsing the objectives and activities of the Carbon Sequestration
Leadership Forum (CSLF), and encouraging the Forum to work with
broader civil society and to address the barriers to the public acceptability
of CCS technology;

(b) inviting the IEA to work with the CSLF to hold a workshop on short-term
opportunities for CCS in the fossil fuel sector, including from Enhanced Ol
Recovery and CO, removal from natural gas production;

(c) inviting the IEA to work with the CSLF to study d efinitions, costs,
and scope for ‘capture ready’ plant and consider eco nomic
Incentives; (E.ON, Mitsui Babcock, Imperial IEA GHG project)

(d) collaborating with key developing countries to research options for
geological CO, storage; and

(e) working with industry and with national and international research
programmes and partnerships to explore the potential of CCS technologies,
iIncluding with developing countries.




GENERAL PRINCIPLES FOR CAPTURE READY

Fundamental requirements:

a) Leave space on site and in critical access locat  ions
to add CO , capture plant and pipe connections

b) Design study for adding CO , capture

to show it can be done with present technology
Plus:
c) Optional pre-investments to reduce future costs,

but not worth spending much up-front

Plant siting for CO , storage probably best
pre-investment
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Range of capture technology options

Similar performance and costs
- no obvious winners yet

Capture extra ~ 1-2 p/kWh
- but more for initial demonstration plants

Capture ready important interim measure

But need learning by doing asap _ to give a
CCS option




