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Working Packages

Experimental studies
in a fixed bed reactor

ITC / IFK

Oxyfuel tests at pilot scale

IFK / ITC

Conception of process models and 
validation with experimental data

IFK

Economic feasibility studies of the 
oxyfuel process chain and its use in 

various industrial sectors and 
applications 

IFK

WP1 WP2

WP4WP3
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WP 1: Experimental studies

Screening - Experiments

Paramters for the
pilot plant / IFK

 Different O2 / CO2-mixtures
 Effects on pollutants CO, SO2, NOx

Fuel selection

Characterization of
fuels in the fixed
bed reactor

Engineering Tool 
„KLEAA code“
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Standard method Advanced methods

Fixed Bed Reactor
KLEAA & Modelling

Analytics

Chemical, physical, 
calorific analysis

Elemental
(C, H, O, N, S, Cl)

Bulk density, 
Specific surface, 
Particle shape

Net calorific value

Thermogravimetry with
FTIR-coupling

Kinetics

Quelle: NETSCH- STA_449_F1_Jupiter_de_web 

Grate Incinerator

Scale up, emission, 
slagging, validation

Biowanze, Babcock & Wilcox
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1 Drying and degassing
(pyrolysis)

2 Main combustion zone
3 Char burnout

SBS1® unit value
Water

wt.-%

14,9
Ash 15,5

Volatiles 62,2
Cfix 7,4
C 44,9
H 5,8

O (by 
diff.) 16,9

N 1,7
S 0,3

LCV [MJ/kg] 18,0
ρbulk [kg/m3] 140

mass [kg] 1,4

Tools for the Characterization of the Combustion
Behaviour for Grate Firings

28.03.20254



WOxyfuel Institute for Technical Chemistry28.03.20255

Characterization of the combustion behavior - Air

Ⅰ: Ignition
Ⅱ: Quasi-stationary Combustion
Ⅲ: Char burnout
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t3 t4
t2

Fuel

Drying,
Heating up

Combustion
Heating up, 

Drying, Pyrolysis

Drying,
Heating up

Combustion
Gasification

Fuel

Heating up, 
Drying, Pyrolysis

Char burnout

Ash

Process steps at Combustion - Video

28.03.20256

Rad    Radiation; PA     Primary Air; RFV   Reaction front velocity; IR: Ignition Rate; MCR: Mass Conversion Rate; TL: Thermal Load 

𝑢𝑢𝑅𝑅𝑅𝑅𝑉𝑉 =
∆ℎ
∆𝑡𝑡

𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚𝑚𝑚 IR = 𝑢𝑢𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑘𝑘𝑘𝑘
𝑠𝑠∗𝑚𝑚2 𝑀𝑀𝑀𝑀𝑀𝑀 =

𝑚̇𝑚𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝐴𝐴𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ∗ 1 − 𝜉𝜉𝐴𝐴𝐴𝐴𝐴,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑘𝑘𝑘𝑘
𝑠𝑠 ∗ 𝑚𝑚2Ⅱ: 𝑇𝑇𝑇𝑇 = 𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 𝐿𝐿𝐿𝐿𝐿𝐿
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Results
𝑂𝑂𝑂𝑂.−𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =

𝑚̇𝑚𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖�𝑡𝑡
𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚�𝑚𝑚𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

[-] Unit Air 30/70 40/60 60/40

Ox.-fuel
ratiototal [-]

2,4 1,7 1,8 2,4

Ox.-fuel
ratioprimary

1,0 0,8 0,6 1,1

Duration 
phase II [min] 11,4 8,44 1,88 1,41

Tmax [°C] 950 to 1000 1100

NOX

[mg/
MJ]

206 162 162 101

SO2 35 38 54 55

CO 0,9 6 30 58

Specific
thermal load

[MW/
m2] 0,43 0,58 1,06 1,31
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Summary
• Combustion Behaviour:

• From Air to Oxyfuel: We recommend (O2/CO2) 30/70 up to 40/60
avoid: sudden ignition and combustion at high temperatures
→ slagging, high temperature corrosion
→ thermal load may damage grate (> 1 MW/m2)

• Pollutants:
• NOx is reduced by 50 %, less reduction measures required
• CO ↑ → further optimization, validation in pilot plant 
• SO2 ↑ → further optimization, validation in pilot plant 

(temperature distribution along the grate)
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