






Oxygen cutoff  of mid-kiln 
fuel (oxygen skip loop) or 
fast acting loop

A very useful loop, particularly 
for whole tyre fi ring and when 
the solid fuel has variable com-
bustion characteristics, is the low 
oxygen skip loop. Th is loop will 
cause skipping the introduction 
of solid fuel (or a step reduction 
in the primary fuel rate) when 
the kiln exit oxygen is below a 
predetermined level. Th e con-
trol strategy uses a value below 
the oxygen controller setpoint 
as an off -line limit. A second 
valve below the oxygen setpoint is used as an on-line 

limit.                               
For example, an off -line 

value of 0.6 and an on-line 
limit of 0.2 are entered. With 
an oxygen setpoint of 1.5% on 
the fuel trim controller, the 
following would occur. When 
the kiln oxygen reaches 0.9%, 
the solid fuel would stop 
being introduced. As a result 
of the fuel rate reduction, the 
kiln exit oxygen should start 
increasing. At 1.3% oxygen, 
the mid-kiln fuel addition 
restarts. Simultaneously, the 
fuel trim loop should have 
been ramping back the coal so 
that tendency to reach 0.9% 
oxygen should be reduced in 
the next cycle.

Th is control strategy is 
very powerful in preventing 
CO spikes. Th ese spikes usu-

ally occur when a fuel module is introduced and there 
is not adequate oxygen. Th is control strategy gives the 
analog controller or operator time to respond while not 
creating excessive CO to get the operator’s attention.

Th ese two control loops work together. Th e oxy-
gen PID loop works with a modest speed and the fuel 
cutoff  loop acts fast when appropriate. Th e incentive 
to minimise oxygen is high. It has been measured on 
a precalciner kiln that a 1.0% reduction in average oxy-
gen will allow a 5% increase in production at the same 
exit gas fl ow rate* (Hansen, “Th e Use of CO and Other 
Trace Gasses for Process 
Control.”).

Th us the inherent loss 
of production due to a fuel 
producing higher volumes 
of combustion product 
gasses can be off set by a 
reduction in excess air to 
the absolute minimum 
required.

Process modifi cation
Once the process emissions have been characterised and 
process controls have been refi ned to make combustion 
control the priority strategy, then the actual process 
must be examined to determine if there are opportu-
nities to reduce the minimum excess air requirements. 
Th e most common areas of opportunity are:

• burners,
• induced mixing,
• fuel metering technology.
In conclusion, the use of non-conventional fuels 

provides the incentive to re-evaluate process priorities. 
Combustion control being prioritised over constant 
feed can compensate for the inherent characteristics 
of non-conventional fuels. Th e key item one has con-
trol over is the excess oxygen. Th e process needs to be 
characterised to determine the minimum excess oxygen 
required to obtain the emission and quality require-
ments, then the process needs to be controlled as close 
as possible to this minimum. Th us, the process needs 
to be evaluated and modifi ed, if necessary, to reduce 
the minimum oxygen requirement. Attention must be 
placed on uniformity of fuel fl ow, including the fossil 
fuel. Attention to ignition of the fuels and fl ame shape 
can shift  the emission relationships. Further, the rela-
tionship of SO2 and CO emissions to oxygen can be 
shift ed to lower excess oxygen levels by addressing gas 
stratifi cation in the process.
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Figure 7, right: Mixing air fan (in 
a long kiln).

Figure 8, below: Mixing air in a 
precalciner.

Figure 9, right: CO and produc-
tion versus. O2*.
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