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ABSTRACT: Recently, environmental technologies are widely
available to prevent pollution from industrial activities. The term Best
Available Technigues (BAT) refers 1o technologies that can be used 1o

should be considered as well. However, environmental aspect s dificult
o0 quantfy due to uncertainty in the real value of the environment. The
aim of this study s 1o develop  framewortk for decision making process
that_incorporates the tlree aspects: technical, environmental, and.
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1. INTRODUCTION

‘The conflict between economy and environment has long been recognized.
Solutions to environmental problems are perceived as a burden to cconomic
wealth of an organization and the sustainability of the industry. Thereforc,
organizations, particularly industries, are very reluctant to implement pollution
control technologies. Recently, there is a growing interest in using a win-win

enterprises that have the lowest impact on the environment without compromising
the economic health of the industry (Dijkmans, 2000). Several organizations such
as US EPA, European Union IPPC, UNEP, and Environment Australia, release
books that contain information for BAT in a particular industrial sector to help
decision makers in industrics to determine and adopt certain technique to reduce
their environmental impacts (US EPA, 1997, IPPC, 1996, World Bank, 1998),
However, the decision regarding the best option in environmental technologies
consists of a set of complex interrelated aspects and multiple attributes
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In the case of environmental area, it is very difficult to determine

lcision that involves qualitative factors such as the degree of pollution, the
environmental degradation, and the social impact of the technique implemented to
company image. When faced by options, very often decision makers selected the
best option based on their intuition, judgment, knowledge and  expeience, s the
decision may not be the best decision because of several reasor
lndlvldual klmwledgc and experience are inadequate in mkmg decision that
involve terrelated factors (Saaty, 1980).
There is a (cndcncy to reduce the criteria and decide based only on one
important criterion, or several criteria in the order of their importance or
known as lexicographic and semi-lexicographic strategies (Goodwin and
Wright, 1998).
The possibility to eliminate good altematives because it failed to meet one
criterion even though it may be superior in other criteria.

The sclection of the cnvironmental technology or best available

nology in particular industry can be categorized as a complex problem. Not
only technical cri ould be considered, but also economic, social, and
environmental issues should be taken into account. Among these criteria, some are
casily quantified such as investment cost, operational and maintenance cost,
savings from raw material, energy, water and waste treatment, and productivity.
However, some factors are categorized as qualitative such as emission reduction,
environmental quality improvement, liability, and social impacts related to
company image and customer preference. Thus, these factors are often ignored in
decision-making process.

Because of the above reasons, there is a necessity to develop a normative
decision-making framework in which one can use to rank the altenatives and
choose the best choice by integrating the quantitative and qualitative factors,
There are several multi-criteria decision techniques that have been developed as
decision-making tools _including goals _programming, scoring model,
MAUT/Muli-Attribute Utility Theory, SMART/Simple Multi Attributes Rating
Technique, SMARTER/modification of SMART, PROMETHEE/Prefercice
Ranking Organization Method for Enrichment Evaluations, and AHP/Analytic
Hierarchy Process (Keeney, 1994, Dyer et al., 1995, Castro and Jimenez, 2005,
Saaty, 1980). Among those tools, AHP has gained wide popularity due to its
simplicity and flexible structure (Forman and Gass, 2001). In environmental area,
AHP s used as decision-making tool in energy sclection, strategic and tactical
planning for managing national park resources, criteria and indicators
prioritization_ for sustainable forest management, resource allocation, and
corporate social responsibility (Saaty, 1980, Zahedi, 1986, Brice and Wegener,
1989, sghmag Y

analytic hierarchy process (AHP) is a decision analysis technique used
© ewluatc complex multi-attributed_alteratives with conmcung objectives
‘among one o more actors (Saaty, 1980). AHP was developed by Saaty to assist
decision makers to decide or prioritize and arrive at the best decision.

aim of this rescarch is to develop a framework for decision making
process to be used in determining the best available technique in textile industrics.
The framework is then applied in a textile company to choose one technique
among the three alternatives of pollution prevention strategies;
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2. METHODOLOGY

‘The methodology used in this research can be divided into two parts. The.
first part develops a framework for decision-making process which involves the
hicrarchy development and the second part deals with pairwise comparison to
determine the relative weight of each criterion in the hierarchy and each
alternative.

2.1. Hierarchy Development

Hierarchy development involves breaking down the problem into its
smaller constituent paris. AHP is a systematic procedure that decomposes a
complex problem into a hierarchy (Saaty, 1980). The hicrarchy consists of several
levels in which the first level shows the overall goal, the second level mentions
the crieria used to cvaluate the alteratives with regards to the overall goal, and
the third level is the elaboration of the second level of the hierarchy. The last level
is the altematives which the decision makers have to choose. In this study, the
hierarchies werc determined from the survey distributed to several fexiile
companies containing some criteria used by those companies to make decision in
selecting new technologies or processes.

2.2. AHP Application in Textile Company X
he company used as a case study in this rescarch is intended to
implement environmental management system in its operations. During the inifial
assessment, there were three alternatives of pollution prevention strategy that can
be implemented to reduce COD level caused by its activity. These three
altematives are: subsitution of mineral oil with hydrosoluble o, addition of new
process called pre-wetting the warp yam, and replacement of ring spinning
technology with compact spinning.
The application of AHP to choose the best option involves the following
steps: :
a. Elicit judgment using pairwise comparisons and represent those judgments
with meaningful number.
A pairwise comparison is the process of comparing the relative importance,
preference, or likelihood of two elements in the hierarchy. These judgments
express the relative strength of the elements using 1-9 scale as shown in table
1. The result of pairwise comparisons is represented in a square matrix in
‘which each judgment represents the dominance of an clement in the columns
on the left over an element in the row on to
b, Use the numbers to calculate the prioriies of the elements of the hirarchy
Once the matrix have been filled with 1-9 scale, the relative weight of cach
element then can be calculated using the process called synthesization.
©. Synthesize these results to determine the overall outcomes for benefit (B) and
cost (C) using the formula:

the number of altemative
the number of critera or sub-criteria

N M
B=Zapw C=Zaw  where
i T

N = the number of sub-criteria in  the benefit hierarchy
the number of eriteria i the cost hierarchy

iority for each altermative.

riority for cach criterion or subscriterion
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‘Table 1. Comparison Scale for the Importance of Criteria Using AHP (Saaty, 1994a)
Tntensiy of Definition Explanation
importance.

Equal importance Two_activities contbute_equally o the
ective:

activity over another
s Strong importance Experience and judgment strongly favour
one activity over another

7 ery g or | An activity is favoured very strongly over
demonstrated another,its dominance demonstrated in

importance 0
9 Extreme importance The evidence favouring one activity over
2468 | For compromise between | another i of the highest possible order

the above values of afirmation
Reciprocals | If activiy i has one of the | Sometimes one needs to interpolate a

above non zer compromise judgment  numerically

mumbers assigned (0 it | because there s o good word

when compared with | describe it

activity J, then  has the | A comparison mandated by choosing the

reciprocal value wh smaller clements as the unit to estimate
i

compared with i thel

d. Check the consistency ratio
Inconsistency may happen in the following situation: one compares B to A as
2t landCtoBas3 to 1, and C s 8 times more important than A. According
1o Saaty (1994b), inconsistency may be thought as an adjustment needed to
improve the consistency of the comparisons, but the adjustment should not be
as large as the judgment iself. One indicator to measure the consistency is the
consistency ratio (CR). Higher number of CR means that the decision maker is
less consistent with his answers.

Analyze the sensitivity to changes in judgment

Sensitivity analysis shows the sensitivity of the alternatives with respect to all
the criteria under the overall goal. In some cases, the decision maker may not
be very confident with the weight assigned for cach criterion and wants to
know what happens when he changes the prioritis. Sensitivity analysis
‘provides answers on how the changes in criteria’s priorities affect and alter the
rank of the alternatives.

e

RESULTS AND DISCUSSION

Results of the questionnaires show that decision makers i textile
industries considered 3 major aspects when making decision regarding investment
in new machines or processes. These three aspects are ceonomy, social, and
environmental. The criteria were divided into several sub-criteria as can be sen in
Figure |
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-~ Each alternative is connected to every sub-criteria
Compastspimng

Figure 1. The Two Hierarchies Used in This Study

The judgment elicitation of the respondents were also obtained from the
questionnaires in which the decision makers were asked to value their preference
of each criterion using pairwise comparisons with respect to the overall goal. The
result of judgment elicitation is showed in Table 2 and 3.

‘Table 2. The Comparison for the Second Level of the Benefit and Cost
Hierarchies Based on Textile Companies’ Perspective.
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‘The numbers i the table represent how much more important the element
in the left column to the element in the top row. The interpretation of the scores
refers to Table 1 which provides the conversion from the numbers to verbal
judgment. For example, ‘economic benefits’ (C4) i seven times more important
than “social benefits’ (CS) indicates the very strong importance of cconomic
‘benefits over social benefits in decision-making process.

St

Figure 2. The Priorities/Relative Weights Given for Each Criterion in the Second
and Third Level of the Hierarchies

In general, the decision makers in textile companies considered that the
capital cost of installing a new machine or process was moderately more
important than the operational and maintenance costs. In this assessment, the
operational and maintenance costs were deemed to be equally important. The
economic benefit arises from the investment in a new machine or process was
considered as very important when compared to the social benefit, but only
moderately important compared to environmental benefit. This comparison also
showed hat the environmenta fctorpaysa more important ol n the decision-
making process than socia

I third level of (he hierarchies, machine efficiency is the most
important sub-criterion due to quality reason and the cost imposed by the failure
10 Tecopaia e sk associate i ol eficiency, Th hext sl crera st
play an important role in the decision-making process are material and encrgy
savings followed by environmental benefits, which consist of reduced lability,
improved working environment, and reduced emissions/waste.,

The priorities for each altemative were also obtained from pairwise
comparisons which compare the relative importance of the three alternatives to
every element in the second level of the hierarchics as can be scen in Table 4 and
Fi 3.

As can be observed from Figure 3, the first alternative is superior in two
sub-criteria: energy saving, and improved company image, whil it has the lowest
priority in machine efficiency, customer preference, reduced liability sub-criteria,
and cost eriteria. The second altemative in general has an average priority for
almost all sub-criteria, except for operational and maintenance costs in which it
has the highest priority because it requires an additional process and resource. The
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overall rank for the three alternatives can be determined using benefit and cost

Table 4. The Priority for Alternatives for Each Criterion and Sub-Criterion
Substiuti > T T
Gy 3 @

SCI 0,077 231 0

sc2 0333 333 0333
sc3 690 T61 0.149
SC4 143 29 0429
SCs 648 122 0230
SC6 169 387 0443
SC7 333 333 0333
SC8 333 353 0333
1 0077 0231 069
[} 0122 0648 0230

o 0250 0500 0350
Note: SCl=machine cfficiency, SCZ-material savings, SC3=cnergy saving, SCA=customer
preference, SCS=improved company image, SC6=reduced labilt, SC7-reduced emission/waste,

 Cl-capital cos, C2- 3

1BE o |
Crtoriaandsubrtoria
L owethy _0Compect spiing |

Based on the comparison of the benefit and cost, the first alternative has
the highest benefit/cost ratio and should be implemented in the first place if the
‘company wants to improve its environmental performance by reducing the COD
level in the effluent. The subset of the best alternative is the compact spinning
technology.
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3.1 Consistency Checking

In this study, the consistency ratio ranges from 0.00 to 0.02, which means
that the decision maker was relatively consvsl:m with his responses, so there is no
need to re-evaluate the pairwise comparis

32. Sensitivity Analysis

Varying the economic priority, and automatically altering the social and
environmental priorities, may reverse the priority between alternatives. The
current dynamic sensitivity of the selection of BAT in a textile industry is
presented in Table 6.

‘Table 6. Benefit and Cost Ratio at Various Scenario of Economy, Social, and
Priorities

it
S Pre

I Rank

Prioriies
Social | Environment ub, Pre,

Priorities
Social | Environment

108 |67

103 112

88 243

66 |43

52553 [
57,

S0 572 i 0401 [ 0820 % 3|
e overall scorclpriority for the benefit hicrarchy, B/C-bencfit per cost ratio,

Looking at the overall benefit and cost ratio, which determines the rank of
the alternatives, and assuming that the cost hierarchy s constant, a change in the.
‘economic priority to 46.6% which in tum increase the priority of social and
environmental criteria to 14.2% and 39.2%, will result in the rank reversal for the.
second and the third alternative. This means that if the decision maker changes the.
weight assigned for economic sub-criteria to less than 46.6% then the subset of
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the best altemative will be the pre-wetting technology, while the compact
spinning s in the third position.

Using the same method, the order of the alternatives will niot change if the
social priority increases up to 60.5% and the environmental priority increases to
more than 55.3%. The first altemative, the substitution of mineral o, is superior
in almost all conditions, no matter how much the economic, social and
environmental criteria are varied. Therefore, it can be concluded that the
substitution of mineral oil s the best alternative to be implemented although there
are some changes in the weight assigned for cach criterion,

4. CONCLUSION

The sclection of the best option with regard to the specific industrial
condition requires a decision-making tool that enables decision makers to cope
with their limitation in facing a complex problem. The application of AHP in

technologies for the textile industry shows that substitution of mineral il is the
most feasible option with benefitcost ratio 2.154; thus this option should be
implemented in the first place. The second is compact spinning technology to
xeplace ring spinning machines which has B/C ratio 0.879, followed by the pre-

wetting technique which has B/C ratio 0.761. The sensitivity analysis performed
in this study showed that change in the preference of economic, environmental,
and social factors will not change the order/rank of options if the decision maker
does not change the preference less than 46.6%, more than 60.5% and 55.3% for
economic, social and environmental criteria, respectively.
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