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Why the Interest in CCS?
• The UNFCCC goal of stabilizing atmospheric GHG 

concentrations will require significant reductions in future 
CO2 emissions

• Possible to achieve material reductions in CO2 emissions & 
provide a bridge to a lower carbon future

• CCS could be part of a portfolio of options to mitigate global 
climate change

• Can provide a win ~ win for both energy security and 
environment

• CCS has potential to reduce overall costs of mitigation
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• use advanced 
steam 
technology

• reduce the 
boiler size and 
cost and

• to design a 
zero-emission 
power plant 

• O2/CO2 recycle 
combustion is 
interesting an option 
for power generation 
with CCS:



• CFD Modeling can provide reasonable 
predictions.

• Current challenges include: 
• Radiation predictions – especially in oxy-fuel 

combustion due to the high participation of spectrally 
absorbing-emitting CO2 and H2O

• Turbulence-radiation interaction – widely-used RANS 
averaged models do not take into account local fluid 
property fluctuations which have impact on radiation 
and chemistry

• Lack of validation data

CFD Modeling: Current Challenges

Calculated flame temperatures

Industrial 
36-burner 
furnace 
model

Combustion Test 
Facility
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Temperature Profile

Char Burnout Kinetics
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Interaction of Pollutants in Air‐Coal Combustion
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Interaction of Pollutants in Oxy‐CO2‐Coal Combustion
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Formulation from database of 
narrow band k‐distributions 

(based on LBL data)

Gases Larger particles Soot

Species accounted for 
in NB database are 
CO2, CO, H2O and 

CH4. 

Mie Theory for larger particles in 
the geometric limit – Two main 
properties to be predicted for 
non‐uniform particle cloud

Mie Theory reduces to 
the Rayleigh scattering 
limit due to the size 
parameter of the soot 

particles

Size distribution Absorption extinction 
factor

Char Ash Char Ash

Particle size 
distribution from 

Rosin‐Rammler input 
to Fluent is possible

Fragmentation  
means ash not same 

psd as char.  Size 
distribution must be 

modelled

Geometric limit: 
Qabs=1/2(f1+f2)

Dependent upon n and 
k for the particles and 
hence wavenumber

More complex 
expression still 
requires n and k 

dependence
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Radiative properties of gases

Line by line methods Band models Total emissivity / 
absorption methods

Narrow band models Wide band models

Statistical NBM 
(Malkmus, Goody etc)

K‐distribution NBM – no 
approx based on LBL data

Edwards EWBM

Narrow band k‐dist models 
e.g. ∆ν=25cm‐1 (Ib assumed 

constant in band)

Full Spectrum k‐
distribution FSK model 

(Weighted by Ib) 

Direct formulation from 
LBL database

Formulation from database of 
narrow band k‐distributions 

(based on LBL data)
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Slagging, Fouling and Corrosion 
Mechanism Development 
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Mechanism Development Overview

• Char Oxidation Mechanism Development

• Heat Transfer (Radiation Model) Development

• Soot Mechanism Development

• Pollutants Emission Mechanism Development

• Slagging & Fouling Mechanism Development

• Corrosion Mechanism Development

Mechanism Validation
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In-depth Studies of OxyCoal Combustion 
Processes through Numerical Modelling and 3D 

Flame Imaging
(£1,049,016 from EPSRC, Collaborative Research with China) 01/07/2009

Project Partner:
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Impact of High Concentrations of SO2 and SO3 in Carbon 
Capture Applications and its Mitigation

Funded by (TSB/EPSRC) 01/05/2009

Lead organisation:

Partners
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Oxyfuel Combustion ‐ Academic Programme for the UK

(£1,789,493 from EPSRC‐EON)  01/09/2009

Project Partner:


