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Abstract

This paper presents a sliding mode control (SMC) design for gasifier reactor
temperature control. Temperature control is a critical aspect of biomass
gasification for quality syngas production. However, accurate modeling and
effective control method are the major challenges of gasifier reactor
temperature control. The gasification system processes are not yet well
understood to model from the first principle due to the complex and nonlinear
nature of the process. Also, conventional control methods such as proportional,
integral, and derivative control have not been effective in controlling
gasification systems. Hence, this work has used experimental data from a 500
kVA updraft gasifier reactor to develop a data-driven mathematical model. The
system identification result predicts 86.36% goodness of fit on the model data
and 88.26% on the validation data. Discrete time sliding mode control has been
designed from the model and implemented in Simulink to investigate the
performance of the control method on the gasifier. The result of the system time
response shows that the controller effectively drives the temperature
monotonically from 25°C to 700 °C in finite time (11.37 minutes). It also
establishes a quasi-sliding motion with an ultimate band of +1°C for the
remainder of the simulation time. Hence, the control technique guarantees
optimal temperature control for any feedstock type which will result in higher
conversion efficiency, more syngas yield, and improve syngas quality and
durability of the gasifier reactor among others.

1.0 INTRODUCTION

The global warming effects from fossil fuels have
escalated the urgency for the world to transition to
alternative energy sources [1]. This has further
increased research in the area of renewable energy
sources that have the potential to provide the energy
needs of the globe. Solar, wind, geothermal, tidal,
hydro, and biomass energy systems are some of the
renewable energy sources that can replace fossil fuels
[2]. Alternative energy sources have a lot of
advantages over conventional sources. Some of the
advantages are reduced greenhouse gas emissions,
environmental sustainability, and clean energy [1].
However, some challenges are hindering the full
deployment of renewable energy sources; these range
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from intermittency, storage requirement, land space
requirement, location dependence, high initial cost,
and conversion efficiency to technological challenges
among others.
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Hence, research is ongoing to develop and advance
innovative technologies and infrastructures needed to
drive sustainable energy sources [2], [3]. Biomass
gasification is one of the new energy sources capable
of contributing a large share in the global energy mix.
It is a sustainable energy technology that involves
thermochemical conversion of biomass materials —
such as agricultural wastes, energy crops, municipal
organic wastes, etc., — to synthesis gas. The quality
and yield of syngas depend on a number of factors but
operating temperature is the most influential because
it impacts the reliability of the gasification system [4].
Uncontrolled or ineffective control method to the
gasifier reactor may result in safety issues, equipment
failures, increased maintenance cost, and fouling of
the system. These make temperature control critical in
the advancement of biomass gasification [2].

The challenges of temperature control in biomass
gasification border on accurate modeling of the
gasifier reactor and selection of appropriate control
method for the system. Because the thermodynamic
behaviour of the gasification process is not fully
understood due to the complex and non-linear nature
of the process; it is very difficult to accurately describe
the system dynamics from an analytical point of view.
This has restricted the control methods that can be
applied to the system because conventional control
methods such are proportional integral derivative
(PID) control are not effective in the control of gasifier
reactor [5], [6].

Researchers have approached the gasification process
modelling problem in different ways [7], [8].
However, the bases for proper control
implementation are lacking due to the complexity of
the models. Attempts have also been made to proffer
solutions to the gasification process control. The
reports of the researchers in [9], [10] detail the
different techniques used. However, these methods
may be too complex to implement in physical
systems, and so much software are required to verify
the methods on simulation environments. Hence,
these methods have not presented clear solution to
practical gasification temperature control.

This work, therefore, presents a data-driven approach
for modeling and sliding mode control (SMC) design
for optimal temperature control of the gasification
process. SMC method is a robust control technique
that is insensitive to model uncertainties and bounded
perturbation [11]-[14]. It is considered appropriate
for the control of a complex nonlinear system like a
gasification process. Sliding mode control of the
continuous time system is well established in the

Q
© 2023 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
http://creativecommons.org/licenses/by-nc-nd/4.0/

literature, however, the continuous time SMC has
chattering problem due to the high frequency of the
switching function [13], [14]. Hence, it is not very
practical in certain applications such as gasifier
reactor control due to switching nonidealities [14].
Discrete time sliding mode control (DTSMC) on the
other hand is practical and less difficult to implement
because the frequency of the switching function
depends on the sampling period [14]. Reducing the
sampling period guarantees the application of
DTSMC to any actuator.

1.1  Gasification Zones

Gasification is one of the sets of reactions that occur
in a gasifier plant. It is a thermochemical process that
occurs between 650°C — 1100°C depending on the
gasifier design and the feedstock type. A gasifier is a
system that converts solid or liquid carbonaceous
feedstock (biomass) into a gaseous fuel in the
presence of a limited amount of oxygen. The gas is
majorly composed of carbon dioxide, carbon
monoxideCO, hydrogen H,, methane CH,, nitrogen
N,, and varied levels of higher hydrocarbons (tars)
[15]. The gas produced from a gasifier is called
synthesis gas or syngas. The heating value of syngas
varies depending on the CO/H, ratio because the
guantity of CH, is always very low compared to CO
and H,. Biomass composition varies with feedstock
type, the general representation is CH,0,,. wH,0, as
shown in [6], [8].

Biomass In DRYING ZONE

CH,,0,, - wH,0 - CH,,0,, + wH,0

2 PYROLYSIS ZONE
Syngas st
-
Out CH,,0,, — Cipor +Tar + CH,

REDUCTION ZONE
CO + H,0 = CO, + H,
C+2H, = CH,
CH4 + H,0 = CO + 3H,
C+ H,0 = CO + H,
C+ €O, = 2CO

T3

—

| OXIDATION ZONE |
Meter

Reaction zones of gasifier Reactor

Figure 1:

Syngas is used for power generation and also serves
as feedstock for the production of other chemicals and
fuels. Gasification is an alternative to conventional
combustion processes and offers several advantages,
such as higher efficiency and lower emissions [8]. The
gasification process can be divided into four main
stages or zones: drying, pyrolysis, reduction, and
combustion as shown in Figure 1. The drying zone is
the section where the reactions that remove moisture
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from the biomass feedstock take place. As the name
implies, it is the removal of water from the biomass
feedstock, the reactions are more visible from 100°C
because of the vaporisation of water. Equation (1) is
the most important reaction in the drying zone [16].

CH,,0,.wH,0 - CH,,0, + wH,0 Q)

The pyrolysis zone involves the decomposition of the
biomass at elevated temperatures in the absence of
oxygen. All the reactions of the biomass feedstocks
that occur without oxygen are regarded as to have
occurred in this zone. Pyrolysis converts biomass
feedstock to char, bio-oil (tar), CO,C0,,CH,, H, and
H,0. Equation (2) is the common representation of
pyrolysis zone reactions and occurs at the temperature
range of 300°C — 600°C.

Heat
CH,,0, — Ccpar + Tar + CH, + H,0 + CO, + CO + H, (2)

The reduction zone is where the reactions that produce
the bulk of the syngas take place, hence the zone is
regarded as the gasification zone. Gasification
reactions are endothermic reversible reactions that
occur at a temperature range of 600°C — 1100°C in
the presence of a limited amount of oxidizing agents.
The equilibrium position of these reactions may shift
to favour the forward or reverse reactions.
Temperature and catalyst are the major factors that
influence the equilibrium position of the gasification
reactions, in the absence of catalyst (which is always
the case) temperature determines the position of the
equilibrium point and thus the syngas yield [8].

CO + H,0 = CO, + H, 3
C+2H; = CH, (@)
CH, + H,0 = CO + 3H, 5)
C+H,0=CO+H, (6)
C+CO0, = 2CO @)

The oxidation zone is the source of heat for the
reactions. It is the zone where combustion takes place.
The heat of combustion provides all the required heat
energy for the endothermic reactions of the reduction
zone, the devolatilization in the pyrolysis zone, and
the vaporisation in the drying zone. Equation (8) is the
general representation of a combustion reaction using
air as the oxidizing agent.

CH,,0,, + a(0, + 3.76N,) - xCO, + yH,0 — Heat (8)

The mole of air a, required to completely burn 1 mole
of dry biomass feedstock is given by Equation (9).
a=1+7+7 9

20 METHODOLOGY
2.1 Data-driven Model

N
s © 2023 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
http://creativecommons.org/licenses/by-nc-nd/4.0/

A data-driven model is a type of system identification
process that uses the relationships and patterns that
exit between variables in a dataset to predict the model
of the system from which the dataset is created. In this
work, the input variable and the system response
(output variable) from experimental data are used in a
black-box type of system identification to predict the
model of an updraft gasifier reactor. The following
steps are followed to generate the mathematical model
of the fixed bed gasifier reactor.

2.1.1 Experimental set-up and data collection

The experimental setup for data collection is shown in
(a) of Figure 2. The set-up is an electronic interface
built in the laboratory and installed on the 500kVA
gasifier plant for input/output data collection. The part
labelled “1” in the figure is the input and output data
sensors panel. The input sensors are the input flowrate
meters of the gasifier reactor and the output sensors
are s-type thermocouples temperature probes installed
to measure the temperature in the reactor. The sensors
panel board amplifiers and digitize the weak analogue
signals from the sensors and then transmit the boosted
signals to the microcontroller unit. The
microcontroller unit labelled “5” processes the input
and output data (air flowrate and temperature values)
and logs the dataset to onboard memory storage on the
part labelled “4” and also displays the real-time data
on the screen labelled “2”.

set-up:
Thermocouple
Thermocouple Probe Installation

ié‘uf‘e 2: Experifnéhtal
Interface  (b)

(@) Electronic
Probe and (c)

The parts of the experimental set-up labelled 1, 4, and
5 are mounted on the gasifier plant to collect and
process real-time data while the part labelled 2 and 3
are mounted on a remote-control panel in the control
room. The part labelled “3” and “4” have the interface
that hard-wires the on-board panels and the remote
panels. The 500kV A gasifier operates on an open-loop
at a constant biomass feed-rate of 200kg/hr while the
airflow rate varies in a step of 10kg/hr every minute,
from 10kg/hr to 2000 kg/hr. The temperature of the
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gasification zone and the inlet air flowrate are
recorded every second for 3 hours and 21 minutes. The
experiment is repeated at an inlet air flowrate of
20kg/hr every minute from 100kg/hr to 500kg/hr.

The first experiment is model data while the second
experiment is validation data. Temperature sensor
installation on the 500kVA gasifier reactor is also
shown in Figure 2. The part labelled “(b)” is the image
of an s-type thermocouple temperature probe while
the part labelled “(c)” shows the installation of the
probe on the reactor.

2.1.2 System identification

The model and validation data collection from
experiment 1 and 2 are imported into the MATLAB
workspace to create time domain data objects. The
non-linear autoregressive exogenous (NLARX)
algorithm is used in the command line environment to
search and predict the lowest order (past output) that
best represents the system. The predicted order is then
used to configure a discrete time transfer function
estimation algorithm to predict the linearized model of
the system. The validation data is used to verify the
goodness of fit of the predicted model.

2.2  Controller Design

Gasification temperature control is a tracking problem; the
system state variable is expected to track reference value and
remain within the limit of the predefined band. The
difference between the actual system state and the reference
state is the system error, e(k) = x(k) — x4(k). The objective
here is to design a control input u(k) that can steer the error
to zero (or in the vicinity of zero, 8) as the discrete time
approaches infinity = lim e(k) =00r lim e(k) = 8. The
controllable canonical form state-space representation of the
predicted discrete time model of the system is shown in
Equation (10);

x1(k+1)

[ o 1 0 0 0 0 ] xl(k) 0
xE+D| | o 0 1 0 0 0 | Xz(k) 0
x3(k+1)f _ 0 0 0 1 0 0 x| )
xEk+D|"| o 0 0 0 1 0 n(k) u
xs(k+1) 0 0 0 0 0 1 xs(k) 0
xe(k+1)] 1-0.9372 2.182 -0.2841 -1.876 -0.4423 -2.357)|x,(i)] l1

(10)

x(k + 1) = Ax(k) + Bu(k) + dy] (11)

Equation (11) is the representation of the system with
the disturbance term d,. x(k + 1) is the first time-step
of the state variables; A is the system matrix; (k) is a
vector of the state variables; B is the input vector and
u(k) is the input to the system.

2.2.1 Sliding manifold design
Sliding manifold defines new dynamics for the
gasifier reactor system states independent of the
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system parameters. The sliding manifold s(k) is
defined in Equation (12).

s(k) = Me(k) (12)
M is a vector of the design parameter and e(k) is states error
variables.

M=[m I] (13)
m=[m m; mz m, ms]isthearray ofthe coefficients
of the characteristic equation describing the sliding manifold
motion. The coefficients are so chosen (as design
parameters) to ensure that the eigenvalues of the system lie
within the unit circle of the z-plane and also to make M B a
non-singular as well as full ranked matrix. 1 is an identity
matrix of appropriate dimension.

The sliding manifold parameters m must satisfy the stability
conditions (Jury’s) [14], [17] for a discrete time system.
There are different methods available for the parameters
design. In this work, the eigenvalue placement method is
used to design the parameters.

Applying partitioned matrices to the nominal system;

Equation (10) reduces it to Equation (14)

% (k+1)] 311 a527[X1(K)] | [by

[)_(z(k +1)] ~ 321 azz] [Xz(k)] + [bz] u(k) (14)
Wherex, € R%*1,%, = € R™1,a;; € R>*5,a;, € R%*1,a,, €
R1%5, a,, € R™*1, b, € Rt and b, € R1*1,

01000 0
00100 0
ap=l0 0 0 1 ol =lol;
0000 1 0
000O0O 1
a,,[—0.9372 2.182 —0.2841 -1.876 —0.4423]; and
ay; = [-2.357]

The sliding manifold may be re-defined as shown in
Equation (15):
o = Mx(k) (15)

The objective is to ensure that the sliding manifold tends to
zero once sliding motion is established; therefore:
6 =0 = mx, (k) + IZ,(k) (16)

From Equation (16), the appropriate dimension of the identity
matrix is 1 X 1; hence:

%,(k) = —mx; (K) (17)

From Equation (17): %;(k+ 1) = a;,%; (k) + a;2%,(k)
=X (k+1) = (ay; —am)x; (k) (18)

Equation (18) is a linear difference equation of a discrete time
closed-loop system describing the reduced order form (hew
dynamics) of the system. Substituting for a;;;a,, and m in
Equation (18):
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xk+1) = [m m; mz my ms]|x(k)
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Equation (19) is the sliding dynamics of the closed-loop
system; for a completely controllable system, the poles can
be placed at any desired location without altering the stability.
The characteristics equation of Equation (19) is obtained by
taking the determinant of A1 — A, (that is |1 — A,|); which
results in Equation (20).

A5 4+ mgA* + myA3 + mgA? + mypA+my =0 (20)
A is the poles of the new domain of the system placed along

the main diagonal,1isa 5 x 5 identity matrix,
0 1 0 0 0
0 0 1 0 0
A,=| 0 0 0 1 0 |is the system matrix
0 0 0 0 1|
l—ml —m, —m3z —IMy —m5J
of the new domain of the system.

Placingarata=[0.2 025 0.3 0.35 0.4]; Equation (20)

becomes Equation (21):

A5 — 1.50* + 0.8875A% — 0.2587A% + 0.0372A — 0.0021 = 0
1)

Comparing Equation (20) and Equation (21):

m=

[-0.0021 0.0372 -0.2587 0.8875 —1.5]

= M =[-0.0021 0.0372 —0.2587 0.8875 —1.5 1]

2.2.2 Control input design

The control input is designed by choosing a logical control
effort that can monotonically drive the system states to the
sliding manifold in finite time and maintain the system states
on the manifold thereafter. It has two components: the
reaching control law and the equivalent control. There are
three phases of the sliding mode motion [11]. The reaching
phase is when the system trajectory is driven onto the sliding
manifold; the sliding phase is when the state variables are
restrained and forced along the manifold toward the
reference point. The last phase is the steady state phasethe ,
when the system has reached the reference state and the error
variable has become zero (or constantly in the vicinity of
zero). The first two phases are controlled by the reaching
control law while the last phase is controlled by the
equivalent control.

2.2.2.1 The reaching law — switching control

The reaching law is of two types: the switching reaching law
and the non-switching reaching law. In this work, Goa’s
discrete time reaching law [14] —a switching type of reaching
law — is adopted. The Goa’s reaching law is shown in
Equation (22).

2
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stk + 1) = as(k) — Bsign(s(k)) + d(k) (22)

The sign function is responsible for the switching
characteristics of the switching reaching law, o and {3 are the
reaching law design parameters that are properly chosen to
satisfy the conditions of discrete time switching reaching law
[14]. d(k) defines the boundedness of the system exogenous
input disturbance d,; this implies that d(k) = |[MBd,|.

The ultimate band (predefined band oscillation zone) s, is
defined by Equation (23).
5=-L (23)

1+a
1+a

B> —d(k);

Taking the least upper bound of g = g = sup(it—z d(k)) and
the subbing for g in Equation (23) gives:

5 =20 (24)
For a = 0; 8 - d(k) which may result in system instability if
d(k) value is significant. For a = 1; 8 — o which makes the
system unstable. Hence, « is chosen between 0 and 1 to limit
the width of the ultimate band.

From Goa’s law of Equation (22), the switching control
effort u,,, (k), required to make the first time-step of the
sliding manifold zero is given by Equation (25):

ug, (K) = as(k) — Bsign(s(k)) + d(k) (25)

2.2.2.2 The equivalent control

At steady-state the state variables time-steps become
zero and the sliding manifold converges to zero in
finite time. Hence, the sliding function in Equation
(12) becomes Equation (26):

s(k+1)=0=Me(k+1) (26)
e(k) =xg(k) = x(k) @ e(k+1) =xq(k+ 1) —x(k+ 1)
0=Mxg(k+1)—Mx(k+1) (27)

Putting Equation (10) into Equation (27) gives Equation (28):
0 = Mxq(k + 1) — M[Ax(k) + Bu(k)] (28)
Ueq(K) = (MB)!M[-Ax(k) + xq(k + 1)] (29)
Equation (29) shows that the equivalent control
operates at steady state when the disturbance has been
rejected.

The control input u(k) is the combination of the
switching control and the equivalent control for the
system with exogenous input. On the sliding manifold,
Equation (22) equals Equation (26):

Mx4(k + 1) — Mx(k + 1) = as(k) — Bsign(s(k)) + d(k) (30)

Substituting for x(k + 1) from Equation (11) gives Equation

(31):
Mxg4(k + 1) — M(Ax(K) + B[u(k) + di]) = as(k) —
Bsign(s(k)) + d(k) (30)
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From Equation (31), the control input u(k), is evaluated as
shown in Equation (32):

u(k) = —(MB)"}[M(Ax(k) — x4(k + 1)) + as(k) —
Bsign(s(k))] (32)
The disturbance term, d(k) in Goa’s reaching law, has been
defined as d(k) = |MBd,|; hence, the exogenous input
disturbance, d, is rejected by the switching control.

2.2.3 Controller implementation

Putting the control input (Equation (32)) into the nominal
system (Equation (10)), the nominal closed-loop system is
obtained as expressed in Equation (33).

x(k + 1) = [ — PM]Ax(K) + PMxq(k + 1) + P[as(k) —
Bsign(s(k))] (33)
P = B(MB)™!

[ = 6 X 6 identity matrix

The simulation of the system in Simulink is carried out
to study the controller performance on the gasifier
reactor. The following parameters are used in the
simulation:

x(k) =[25 25 25 25 25 25]7 thisimplies that all the
system state variables are at ambient temperature of 25°C
before the gasifier is ignited.

xq(k) =[700 120 115 110 105 100]" These is the
reference state variables.

Assuming the disturbance termto be dy, = 1.2

= d(k) = 1.167|MBdy| = 1.4

The reaching law parameter « is chosen as 0.3 and p is
estimated thus:

B=1.002x 2% d(k) =26

1-a

Hence, the ultimate band is calculated as 2; = & = +1.

— P o)

1 + ofk) ufK) 8 Ll » D
-/ ok Control Input (k)

Ref il scope
[ Siiding Mode Controler

Gasifier Reactor

x(k)

Figure 3:  Simulink block of sliding mode control
of gasifier reactor temperature

The Simulink block of the sliding mode control of the gasifier
reactor temperature is shown in Figure 3. It is a closed-loop
control system representing the system in Equation (33). The
figure shows the reference state variables “Ref” that is
compared to the actual state variables “x(k)” by the “‘sum”
block to generate the error signal “e(k)”. The reference
values, error signals, and the actual state values are fed to the
sliding mode controller block to compute the control effort
u(k), necessary to drive the gasification temperature of the

2
© 2023 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
http://creativecommons.org/licenses/by-nc-nd/4.0/

gasifier reactor towards the reference values. The process of
comparing the feedback values (actual system states) to the
reference states repeats until the “x(k)” equals “Ref” or is in
the vicinity of “Ref”. Hence, the control effort is computed to
maintain the system error signal “e(k)”” within the ultimate
band of +1. The reference state is the desired temperature of
the gasification zone of the gasifier reactor at which a
particular feedstock will produce an optimal yield of
synthesis gas. For this work, the desired temperature is set to
700°C. The system state is the actual temperature of the
gasification zone which the controller has to drive from the
initial value of 25°C to the desired value and thereafter
regulate the temperature to remain in the neighborhood of the
reference state as defined by the ultimate band.

3.0 RESULTS AND DISCUSSION

3.1 Model Order and Model Estimation Result
The result of the model order search with the NLARX
algorithm shows 99.99% goodness of fit with six past
outputs and one past input. Six past outputs mean that
the reactor has characteristics of a 6™ order system. TF
model estimates a linear approximation of the system
with one zero. The result is the discrete time transfer
model shown in Equation (34). This is the
mathematical description of the gasification zone in

the gasifier reactor.
T(z) _ -3.262e71075 (34)
AF(z) ~ z6-2.35725+0.44232%+1.87623+0.284122-2.1822+0.9372

It shows 86.36% goodness of fit with the model data.
The verification of the physical system representation
with the validation dataset from the second
experiment shows that 88.26% of the physical system
is captured by the predicted model. The predicted
model has been represented in the state-space
controllable canonical form shown in Equation (10)
and tested for controllability using MATLAB
command and the result shows that the gasifier reactor
is controllable. Hence, a sliding mode controller has
been designed for optimal gasifier reactor
temperature.

3.2 Controller Implementation Result for the
Gasifier Reactor

The sliding mode controller implementation result is shown
in Figure 4. In the figure, the blue plot, x1 is the gasification
zone temperature of the gasifier reactor. The zoom-in section
of the plot shows that the temperature of the gasification
zone, x1 moves towards the reference temperature (700°C)
at every sample step until it crosses the reference point and
thereafter remains within the ultimate band. X1 crosses or re-
crosses the reference point every sampling step.

This crossing and recrossing seeking the reference point
create the zigzag motion seen in the zoom in section. The
zigzag motion guarantees that the discrete time sliding
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motion has occurred and that X1 is in the quasi-sliding mode.
The quasi-sliding is an inherent characteristic of discrete
sliding mode control due to the switching between close-loop
and open-loop as a result of the sampling time. At every
sampling step, a certain control effort is applied to the system
by the sliding mode controller. This control effort drives x1
to a certain point towards the reference (the close-loop) and
then remains at that point (open-loop) until the next sampling
step when another control effort is applied to the system by
the controller. The dynamic behaviour of temperature in the
gasification zone of the gasifier reactor under the sliding
mode controller conforms with the conditions for discrete
sliding mode control as stated in [14]. Hence, the sliding
mode controller is effective and meets the objective of
steering the error to the vicinity of zero as the discrete time
approaches infinity lim e(k) = 8. The controller drives the

temperature from 25°C to 700°C in 11 minutes and 22
seconds and maintains a non-increasing  oscillation
amplitude of the gasifier temperature in the sliding manifold
which guarantees adequate control of the optimal
temperature of the feedstock in the reactor for better yield and
improved syngas quality.
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Figure 4:  Gasifier reactor response to the sliding
mode controller

40 CONCLUSION

In this paper, the sliding mode control technique has
been implemented on a gasifier reactor in a Simulink
environment. A data-driven modeling approach is
used to develop the mathematical description of the
system. The model and validation data for the
modeling are from the open-loop experimental
operation of a 500kVA gasifier. Gasifying air
flowrates are recorded as input data and the
gasification zone temperature of the reactor is output
data. A 6th-order system has been predicted from the
model data which shows 88.26% goodness of fit on
the validation data.

The model has been used to design a discrete time
sliding mode control which shows to be effective in
driving the temperature of the gasification zone
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monotonically from ambient temperature of 25°C to
the desired reference state of 700°C in finite time
(11.37 minutes). The controller also maintains the
temperature within the ultimate band of +1°C for the
remainder of the simulation time. The effectiveness of
the controller in regulating the gasifier reactor
temperature to the desired (optimal) level will result
in increased conversion efficiency for the gasifier,
higher syngas Yyield, improved syngas quality,
maintenance cost savings, the durability of the gasifier
reactor, reliability, safety and reduced risk in the
operation.
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