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Hot section of an incineration plant

  Primary kiln

Economizer

Superheater

Boiler

Postcombustion chamber
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Grate kiln
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Boiler and turbine
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Fabric filter and exhaust gas 
washing
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DeNOx and Catox
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Layout of an incineration plant
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Primary combustion chamber
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Primary kiln – Modeling scheme
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Manca D., M. Rovaglio, Ind. Eng. Chem. Res. 2005, 44, 3159-3177

Model equations
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Material
balances

Energy 
balances

Momentum
balances

Total

Primary kinl

29 2 86

Postcombustion 
chamber 15 1 26

Heat recovery
section

55

10

6 9 5 20

Grand total = 132 DAE system

Model dimensions in terms of DAEs
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Number of feed-strokes  [1/h] 40

Inlet waste flowrate  [kg/h] 4,000

Number of strokes to the first grate  [1/h] 23

Number of strokes to the second grate  [1/h] 20

Number of strokes to the third grate  [1/h] 13

Number of strokes to the fourth grate  [1/h] 23

Primary air flowrate  [Nm3/h] 12,500

Secondary air flowrate  [Nm3/h] 6,500

Some significant input process variables

Outlet smokes temperature from the primary kiln  [°C] 1,035

Outlet smokes temperature from the postcombustion chamber  [°C] 1,115

Outlet oxygen molar fraction from the postcombustion chamber  [%] 8.5

Outlet CO content from the postcombustion chamber  [mg/Nm3] 11

Steam flowrate  [t/h] 12

Some significant output process variables
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Multivariable model based 

control
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Implementation and validation of a detailed first-principles 

dynamic model of the combustion section of an incineration plant

Analysis of a multivariable MPC control system

Model reduction

Synthesis of a non-linear MPC control system

Identification of an ARX linear model

Synthesis of a linear MPC control system and comparison with 

the non-linear counterpart

Table of contents
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Use of a model for predictive 
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CONTROLLED VARIABLES (CV)

Steam flowrate (set point)

Primary kiln temperature (upper bound)

Postcombustion chamber temperature (upper bound)

Postcombustion chamber temperature(lower bound)

Volumetric O2 fraction in the postcombustion chamber (lower bound)

CO content in the postcombustion chamber (upper bound)

MPC – Controlled variables (CV)
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MANIPULATED VARIABLES (MV)

Strokes number to the feed grate

Primary air flowrate (to the grates)

Secondary air flowrate to the kiln

Strokes number to the first moving grate

Strokes number to the second moving grate

MPC – Manipulated variables (MV)
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NON-LINEAR MPC LINEAR MPC

Control
model

Detailed
model
(DAE)

Linearized
identified

model
(ARX)

MPC – Control model
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Linear MPC – Regulator problem

Comparison between linear and non-linear MPC

The non-linear MPC
shows a smaller
deviation from

the setpoint
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CPU time for a 

20 min 

simulation of 

the whole plant

CPU time of the 

optimization 

procedure

(600 Fobj calls)

Non-linear 

MPC
0.65  [s] 390. [s]

Linear MPC 7.E-4 [s] 0.45 [s]
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The control efficiency is comparable

The CPU time is shorter than the 

control time only for the linear MPC

Higher robustness for the linear 

MPC

Optimization CPU time <
ct

The implementation of the
linear MPC on the real plant is viable 

Conclusions
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Prediction horizon, hp:

short: reduced predictive 
capability

long: the prediction becomes
less realistic

Linear MPC – Effect of varying hp
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Control horizon, hc:

short: 
Few degrees of
freedom.
Bolder actions from
manipulated variables

long: 
Longer CPU time, 
Smoother control
action

Linear MPC – Effect of varying hc
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The controller becomes
nervous. 

We can observe a
RINGING trend

Linear MPC – Ringing
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ph high:

• High predictive 

capability

• Significant role 

played by the 

model error

ch high :

• High number of 

d.o.f.

• Smoother control 

actionsThis is the effective action that is 
implemented in the plantct

ct Control time:

Shorter than 1/10 of the 
characteristic time

Linear MPC – Prediction and control horizon
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MPC – Selection of the controller parameters
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of –10%
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outlet temperature from the

postcombustion chamber:

T > 950 °C

NL MPC – Constraints



© Davide Manca – Dynamics and Control of Chemical Processes – Master Degree in ChemEng – Politecnico di Milano 60L2—

 

11 

11.2 

11.4 

11.6 

11.8 

12 

12.2 

12.4 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 

S
te

a
m

 f
lo

w
ra

te
 [

t/
h

] 
(C

V
) 

Time [h] 

No switch 
        Set point 

    Switch 

 

11 

11.2 

11.4 

11.6 

11.8 

12 

12.2 

12.4 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 

S
te

a
m

 f
lo

w
ra

te
 [

t/
h

] 
(C

V
) 

Time [h] 

No prediction 
Set point 

Prediction 

“Switch” between two 
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combustion is an input 

value of the ARX 
model

Linear MPC – Heat of combustion


