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Oxyfuel Comhustion
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1. O, and N, separated, O,

used to burn the coal, with
some CO, recycled from the
exhaust to moderate flame
temperature.

2. Moderate complexity —

susceptible to contamination
of CO, by N, from the
atmosphere.

3. Atmosphere in kiln generally

>80% CO,
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Cryogenics
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High-temperature oxygen transport membranes
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Oxygen is passed from compressed
air into recycled flue gases

1.0xygen transport membranes
(OTMs) must be kept above 800°C
when in operation

2.An oxygen partial pressure must
be maintained to cause the oxygen
to pass through

3.The current best membranes
cannot be exposed to flue gases —
this increases the energy
requirements

4.Large apparatus required:
permeability is in the range of 0.1-1
g/m2.s
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Major benefits of oxy-fuelled cement plants

. . . 1.Reduces the fuel requirements
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co,

3.Explosion risk in coal mill virtually
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Major drawbacks of oxy-fuelled cement plants
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1.0xygen separation is still expensive
because it uses lots of electricity

1.A 3000 t/d (1Mt/y) plant requires 7-8kg
O,/s

2.Calcination in high-CO, atmospheres
reduces the surface area of lime by up
to 66% due to sintering. This may affect
the formation of calcium silicates

3.The cement plant must be airtight —
this includes the kiln!

4.Extensive modifications to the cooler,
precalciner and preheaters required
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Hydration characteristics of oxy-fuel cement
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Compressive strength of oxyfuel cement
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Other important laboratory resuits
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1.No calcite (CaCO,) was detected
In the clinker — no recarbonation
took place in the high CO,
atmospheres

2.No significant variations in the
alite/belite ratio were identified —
similar levels of decomposition of
alite in both oxyfuel and standard
cements

3.Effects of better cooling due to
CO, atmosphere not observed in
most oxyfuel samples

Overall, the differences between

standard and oxyfuel cement

properties are very small.
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Post-combustion capture — amine scrubbing
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Benefits and drawhacks of amine scrubhing technology

1. EEAHTVE “wWHFHRE” - 1.The ‘market leader’ in the power
\ ‘ \ \ sector — it has been available for
BEREEZEHRTF, BXAT decades but must be scaled up

A A 2.End-of-pipe solution - it can be
attached to the back of an existing

2. RXIm@EFRX - € LLEEE —  cement plant
N AR 3.Can be run independently from

) the cement plant - flexible
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1. — & WBT Ik Z 5 20 B A 1.S0,, NO, and dust must be
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o é}/‘j«——%{%@ﬁ, ﬁi\{%/ﬁ\%ﬁl% CO, capture
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3. KEWESAA - M EK 3.Large capital cost - expensive

2.Large steam requirements
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Emerging methods - Galcium Looping

B4 Calcination i B2 HFl Carbonation
CaC0;->Ca0+C0; | Ca0+CO,-> CaCO;

: Flue gas—CO,

2,0, A i BT (650°C)
Ay Heat (650°C)
Fuel

\>ECao "

. : =
Proposed by A A : 7t
Shimizu et al, 1999 CO, Ca0 Flue gas



Imperial College

FNSLTON - 3EEARUGT B3R

J3E

Emerging methods - Calcium Looping
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1.Waste product is CaO (+ash)
which can be used in cement
manufacture

2.Coal consumption is increased but
electricity can be generated from
the waste energy

3.Air separation unit is only ¥4 of
size in oxy-fuel plant

4.Post-combustion process: retrofit
possible, but greater benefits if
integrated with the cement plant
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Costs of carhon capture at cement plants (€/t cement)

Cost of cement manufacture, €/t
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1.Precombustion capture is not
effective at cement plants

1.0nly 40% of CO, can be captured

via this method

2.Cement quality adds another
dimension to the problem that the
power sector does not have

3.Use of waste fuels in cement
plants causes different
contaminant problems

4.Economies of scale — power
stations are usually larger emitters,
and so can attain higher economies
of scale than cement plants
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Potential research projects
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Properties of clinker
produced in oxy-fuel and
calcium looping conditions

Costs of cement plants with
CCS in China

Pilot plants using the
different technologies
(oxyfuel, amine scrubbing,
calcium looping)

Better quantification of the
lifecycle of cement with CCS,
Including with waste
biological fuels



Imperial College

25
Acknowledgements

R AL 3R £ A 5 ROK
B2

5] B R R B

o T4 & AT AGHT 5T H A

« Grantham &, 1% & A 5T B

o BN BT A F FE AR £1R F0
IEF T &

14455{;Eﬂru5><

Thank you to my hosts here in
Beijing for this opportunity

Thank you also to my sponsors:
Cemex Research Group AG

Grantham Institute for Climate
Change

*EIT Climate KIC

Grantham Institute

eeeeeeeeeee

E?r:fafg"‘:ifg for Climate Change

An institute of Imperial College London



Imperial College

NP A
Thank you for your attention

Thomas Hills
thomas.hills@imperial.ac.uk

+44 (0)7501 060451
www3.imperial.ac.uk/people/thomas.hillsO7
[} uk.linkedin.com/in/thomashills/

Chemical Engineering Department .= T %%

Imperial College London FEE T KF
London SW7 2AZ W2 EfZR. SWT 2A7

United Kingdom ;3


mailto:thomas.hills@imperial.ac.uk
C:/Documents and Settings/Administrator/Local Settings/Temporary Internet Files/Content.IE5/9BCTHPQ3/www3.imperial.ac.uk/people/thomas.hills07
C:/Documents and Settings/Administrator/Local Settings/Temporary Internet Files/Content.IE5/9BCTHPQ3/www3.imperial.ac.uk/people/thomas.hills07
C:/Documents and Settings/Administrator/Local Settings/Temporary Internet Files/Content.IE5/9BCTHPQ3/www3.imperial.ac.uk/people/thomas.hills07
C:/Documents and Settings/Administrator/Local Settings/Temporary Internet Files/Content.IE5/9BCTHPQ3/www3.imperial.ac.uk/people/thomas.hills07
http://uk.linkedin.com/in/thomashills/




