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Abstract: Traditional control methods have poor performances when applied to industrial processes whose models are strongly
non-linear and multivariable-based. Better results can be obtained by applying modern control techniques. In the present
paper, emerging techniques like fuzzy logic control and the neural network approach to the control of an industrial limekiln
have been reviewed.

1. INTRODUCTION

Control of the kiln process is a demanding task and therefore
most of the kilns have been and are still operated without
supervisory-level control system. The absence of closed loop
controls, however, results in inefficiencies in fuel
consumption and variation in reburned lime quality.
Furthermore, manual control increases the risk of
environmental impacts, especially in the form of reduced-
sulfur emissions and the probability of equipment failures
such as damage to the refractory linings of the kiln.

The multivariable nature and difficult dynamics
associated with the kiln process requires that an automation
system employ techniques such as decoupling, dead time
compensation, dynamic feed forward, optimization, and
constraint compensation in order to accomplish the stated
operational objectives. The goal of a properly designed kiln
control solution should be to implement these techniques in
a fashion that is usable and maintainable by mill operations.
It is only then that the economic benefits from the control
optimization can be sustained long-term.

2. PROCESS DESCRIPTION

The rotary lime kiln is a vital piece of equipment in the
causticizing process in the pulp and paper mill. Its
operational objective is to convert lime mud (calcium
carbonate) into calcium oxide (quick lime) that can be further
used in the causticizing process in order to produce white
liquor. The basic purpose of the causticizing system is to
convert green liquor containing sodium carbonate (Na2CO3)
into white liquor (NaOH) that is used in the kraft pulping
process.

The lime kiln is a long direct contact heat exchanger.
Heat energy is supplied by the combustion of fuel that enters
with the primary air at the hot-end of the kiln. The energy is
transferred to the lime mud that enters at the cold-end of the
kiln, and then flows down countercurrent to the combustion

gases due to the kiln inclination and rotation speed. During
lime kiln operation, calcination of the incoming lime mud
occurs, thus regenerating the hot lime required for the
causticizing reaction.

Maintaining good control of the kiln temperature
profiles helps ensure consistently high lime quality
availability, high reactivity, and uniform lime pellet size. This
provides the causticizing process with the ability to produce
excellent quality white liquor in the most efficient manner.

3. CLASSICAL LIME KILN CONTROL USING PID

Figure 1 shows a block diagram of a typical limekiln process.
The process has 3 inputs and 5 outputs, where gas and ID
fan speed are to be manipulated to control the material and
exit gas temperatures at the hot and cold end of the kiln.
Constraints on gas and ID fan speed adjustment are set by
limits on O2 and hood draft respectively. The lime mud flow
throughput is to be maximized within the constraints of the
ID fan speed limits. The classical control strategy for this
process becomes quite complex which requires a total of
six PID controllers, three control selectors, nine math and
dynamic elements would be required. A de-coupling network
addresses the interaction between the hot and cold end
temperature controls, overrides on gas flow and ID fan speed
adjustment provide for constraints on O2 and draft.

Fig. 1: Block Diagram of a Lime Kiln Process
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Throughput is maximized based on the ID fan being the
limiting factor on production.

4. LIME KILN CONTROL USING FUZZY
CONTROL

A Fuzzy Logic Controller usually consists of following
blocks:

(i) A fuzzification unit, which maps measured inputs of
crisp value into fuzzy linguistic values to be used by a
fuzzy reasoning mechanism.

(ii) A knowledge base (KB) which is the collection of
expert control knowledge required to achieve the
control objective.

(iii) A decision-making logic that performs various fuzzy
logic operations to infer the control action for the given
fuzzy inputs.

(iv) A defuzzification unit, which converts the inferred
fuzzy control action into the required crisp control
values to be entered into the system process.

The first rule-based expert system (RBES) for kiln
control was developed in 1982 and, since then, the system
has been further developed. Other rule-based systems for
controlling rotary kilns have also been developed. The RBES
approach, although it is widely used in various types of expert
system, may lead to serious testing and maintenance
problems in large-scale applications where the rule-base
becomes extremely large.

Fuzzy logic provides a unified framework for modeling
operator's actions and for taking incomplete information into
account. However, acquiring the required knowledge, e.g.
on the basis of operator interviews, may be a tedious and
time-consuming task. According to Driankov, applications
based on the rule-based expert system or fuzzy logic
approach typically attempt to emulate the reasoning and
decision-making process of an expert (or a set of experts) in
a particular field, and/or to replicate, as closely as possible,
the actions of operators controlling the process.

They therefore rely for the most part on rules of thumb,
as well as on practical experience of the process behavior.
The knowledge that is often available in only a heuristic form
is characteristically represented and formalized in the
computer programs as a set of crisp and/or fuzzy if-then
rules, i.e. rules having a condition and an action component,
that are then executed in parallel. Consequently, both rule-
based expert systems and fuzzy logic are especially
applicable when a relatively comprehensive understanding
of the process is available and an exact mathematical model
of the process is either impossible or prohibitively expensive
to develop. The potentials of fuzzy logic approaches in
general grow as the degree of vagueness and nonlinearities
in the controlled process increases.

5. LIME KILN CONTROL USING NEURAL
NETWORK

Neural networks, which try to replicate certain characteristics
of the neural activity in the human brain, work in a very
different manner. Mathematically, they are merely a
collection of efficient algorithms used to approximate a
nonlinear function. The important features from the practical
point of view are their ability to learn and generalize
underlying relationships from the historical process data, and
to use this learned knowledge for predicting the future
behavior of the process. Therefore, the natural domain for
neural networks is in applications where first principle
models and heuristic knowledge of the process are
considered to be lacking, but a large set of  process data
containing relevant and representative information is
available.

6. CONCLUSION AND FUTURE TRENDS

Implementation of Intelligent control systems such as, fuzzy
control, model predictive control and neural network control
play an important role to diminish the foresaid problems in
limekiln control. These techniques also make it possible to
extract useful information about the process and its behavior
from the large amount of process data that is normally
routinely collected and archived in databases by means of
automation and information systems. This supplementary
information can then be used in an intelligent manner to
develop control systems that could never have been attained
on the basis applicability for controlling industrial kilns. To
sum up, the state of the art in the rotary kiln control is that
the systems based on the FL and RBES approach have
already proven their intelligent control and prediction
techniques that are capable of adapting to changes in the
operating conditions will be the future trend.
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