1

Refereed

Multicriteria Modelling And Decision Engineering Of A Chemical Extrusion

Process

Laszlo Nandor KISS

1

, Kazimierz ZARAS

2

,

Christian FONTEIX

3 and C. René DOMINIQUE 4

1 Université La val ˘ Faculté des Sciences de l´Administration

Département d´Opérations et Systèmes de Décision

Bureau 2537/PAP, Sainte - Foy G1K 7P4, Québec, Canada

2 Université du Québec en Abitibi - Témiscamingue

Département des Sciences de la Gestion,

445 boulevard de l´ Université, Rouyn - Noranda J9X 6N9, Canada

3 Laboratoire des Sciences du Génie Chimique ˘ UPR CNRS 6811

ENSIC, 1 rue Grandville, BP 451, 54001 Nancy Cedex, France

4 Université Laval ˘ Faculté des Sciences Sociale

Département des Sciences Économiques

Bureau 3602/PAP, Sainte - Foy G1K 7P4, Québec, Canada

Abstract

In the optimization of industrial processes, decision - makers are often confronted with multi - objective problems. For example, in manufacturing it is often necessary to optimize many conflicting obj ectives, subject to market constraints.

Using the concept of Pareto dominance, we present a multi - objective optimization procedure which yields an optimal zone containing the solution. Pair - wise points are compared, and non - dominated points are collected in the Pareto region. Then a ranking is established and the decision - maker selects the first - best solution. Finally we give an application of our procedure to the chemical engineering process of manufacturing cattle feed.

INTRODUCTION

In formulating a new product it is often desirable to meet many different objectives. The extrusion process for cattle feed is a good illustration of this problem. For example, it may be necessary to obtain a desired texture and flavour, as well as a cert ain degree of dampness and pulverization, while attempting to optimize yield or minimize production costs. This may be considered as an optimization problem with a scalar objective which is a linear combination of a number of criteria [Courcoux et al. 199 5]. Another approach is to optimize one criterion, while treating all others as effective constraints. The use of one approach over the other depends on the user´s preference.

Process engineers have recently turned to a third approach, called the Domina nce Principle , based on the well - known Pareto criterion [Pareto, 1927] ; see also [Dominique, 1987]. In this approach two vectors:

X

[N]

and Y

[N]

are considered. The vector X *

[N]

is Pareto preferred, or, equivalently X *

[N]

is said to dominate

Y

[N] ,

if :

a) for [ ]

{ }

N 2 1 N

x ,... x , x = X ,

[ ]

{

N 2 1 N

y ,... y , y = Y

‘

i i y x

$ N i Î " , and

b) 1-Nji,i,j,y x

j j

Î " ¹ ³ $ , and where x

i

, y

i are desired objectives.

Since a Pareto vector * X is not known a priori , due to the fact that there is no prior knowledge about the

combination of the elements of [ ] N

* � X , it i s desirable to generate a number of vectors [ ] N

X that can be

2 compared. All the * X ´s generated form the Pareto set, from which * � X is selected according to a) and

b) above.

Many researchers, including Schaffer [1985], Horn et al. [1994] and Fonseca et al. [1993 ], have

developed algorithms for selecting * X . However, their results find only the Pareto set containing * � X .

The direct intervention of the decision - maker is still necessary in order to subjectively select * � X . For

example, the result of Courcoux et al. [1995], shown in Figure 1, points to a border line * � X , which is not

robust under small uncontrollable changes in the problem´s environment, such as process temperatures

and/or extruder diameters.

Figure 1 Representation of the Pareto zone and a supposed ^ best point ~ by Courcoux et al. [1995]

This paper develops an alternative approach, which we call Outranking Synthesis (OS), according to the

ELECTRE principle [Roy & Bouyssou 1993]. The philosophy behind the ELECTRE algorithm is to first

invite the decision - maker to define his thresholds as indifference, preference and veto, vis - à - vis each of

th e objectives. Next, indices of concordance and discordance are calculated. The difference between

these indices yields a number of net flows equal to the cardinality of the Pareto set, from which a first - best

�

X * and a worst - best (that i s, a nadir)

� X

* are identified.

MULTICRITERION ANALYSIS FRAMEWORK

To apply OS to the granulation process, we first consider the input parameter set, containing 2

elements , the discrete temperature points T (35 and 75 0 C) and the extruder´s diameter profile D (2 and 6

cm). Next, we consider the output parameter set, containing 3 elements, energy consumption and the

indices of pulverization and dampness. In the application considered here, the elements of the output

parameter set ha d to be minimized, regardless of the initial conditions.

Algorithmic design

More generally, our multicriterion analysis algorithm is essentially a comparison process, where the

decision - maker’s preferences are ex pressed by means of some constraint - like parameters: indifference,

preference, veto thresholds and the weights of the criteria. In order to run the Multi - criterion Analysis

Process (MAP) operationally, it is necessary to introduce the MAP input set Y , with the following

synoptic structure [Derot, Gareau, Kiss, Martel, 1997]:

Y =

§

G [m, n, M [ ] n x m

, K [ ] n

, [ ] n

F , R [ ] n

, Q [ ] n

,P [ ] n

,V [ ] n

, W [ ] n

],

where

§

G = the MAP algorithm;

m = the number of alternatives;

so called « best »

* � X