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Introduction
The decision to locate a municipal sanitary landfill 
involves intricate problems as vastly qualitative 
criteria, together with quantitative criteria, need 
to be accounted. The qualitative and quantitative 
criteria such as economic factors, engineering 
causes and social aspects are intertwined in a 
process of positioning landfills. Landfill location 
sometimes become a highly political issue and 
needs to be handled amicably without destabilising 
harmonious social structure. Potential landfill 
sites must be carefully screened to ensure that 
the chosen site meets all engineering, geological, 
and regulatory specifications. Prior to locating a 
new landfill, the volume of landfill space that is 
required for the community should be estimated. 
These estimates are made by considering a variety 
of criteria such as the population size, predicted 
growth and the amount of disposal generated 
per person in the community. The site chosen 
for a landfill should provide sufficient capacity 
to accept waste from the community for up to a 
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certain number of years to make the investment 
economically feasible. Thus it is truly important 
to resolve the suitability of landfill-siting criteria 
that must be perfectly chosen for the optimum 
landfill siting. Siting a landfill is a challenging 
task, as most of the time various controversial 
criteria should be considered (Gemitzi et al., 
2007). Of the many criteria, Banar et al. (2007), 
for example, considered legislative restrictions 
as one of the important criteria. The other basic 
conditions that should be considered are the 
suitability of the landfills to be located and the 
minimum distance between a sanitary landfill 
and a residential area. No sanitary landfill can 
be constructed at places where the danger of 
flooding exists and it should be located at a place 
where it can be easy to access (the road condition) 
under all weather conditions. Obviously, there 
are many criteria could be considered, especially 
for municipalities in materialising the chosen 
sites that are acceptable, not only by residents 
but also fulfilling all environmental engineering 
conditions. It is truly important for a municipality 
to consider all criteria so that site does not create Received: 22 July 2010 / Accepted: 12 October 2010
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major problems and will not agitate residents. 
It is rather true that consistent decision-making 
provisions of the potential landfill areas are based 
on a variety of criteria (Sener et al., 2006).

	 Prescribing criteria that can fulfill all corners 
of human needs is a daunting task indeed. Of 
numerous criteria proposed by many researchers, 
the criteria proposed by Javaheri et al. (2006) 
combined with Chang et al. (2008) are deemed 
suitable to meet with Malaysian circumstances 
due to common climatic conditions as well as 
geographical location. The criteria and their 
descriptions are given in Table 1. 

	 It is a typical move for municipal solid-waste 
landfill management to have a consideration for 
the above criteria in determining the best landfill 
site. However, the listed criteria need to be further 
examined due to their unequal contributions 
toward landfill-siting choices. Perhaps humanistic 
criteria should be weighted more than other 
criteria. In other words, every criterion has a 
distinct property function and surely carries a 
different weight. In order to find the best criteria 
of landfill-site selection, it is imperative to pay 
attention to weights of the criteria. Over the last 
25 years, a number of approaches have been 
developed to rank, evaluate, and prioritise the 
criteria that sometimes could be very difficult to 
quantify (Lahlou, 1991). Obviously, some of the 
criteria are considered more important than the 
others but which is the most important is still a 
vague and subjective matter. 

Weight and Evaluation
The evaluation based on weights in the decision-
making process is relatively new in landfill 
management. This type of evaluation is moving 
in tandem with the development of multi-criteria 
decision-making and has become a subject which 
has interested the scientific community for the last 
few decades (Zeleny, 1982). For example, a study 
in Regina, Canada shows that the criteria such 
as  public interest, agriculture, hydrogeology, 
transport, land use, heritage, cost, political and 
wildlife are considered in landfill evaluation. The 
best potential landfill sites are ranked according 
to their total gained weight (Cheng et al. , 2003). 

Wang  et al. (2009) consider economic factors in 
calculating criteria weights using the analytical 
hierarchy process and built a hierarchy model 
for solving the solid-waste landfill site-selection 
problem in Beijing, China. Kontos et al. (2005) 
evaluate the suitability of the study region in 
order to optimally site a landfill. Multiple criteria 
were conceptualised as hierarchical structure 
problems and evaluation criteria were based on 
relative importance weights of the evaluation 
criteria. Estimated weights were again computed 
using the analytic hierarchy process. In another 
study, Ersoy and Bulut (2009) applied an analytic 
hierarchy process to select the most suitable 
solid-waste disposal site for municipal waste in 
the city among the alternative candidate sites. 
These researches are profoundly using weight 
of criteria derived from an analytic hierarchy 
process method in selecting the optimal landfill 
sites. Despite the vast research on criteria weight, 
there remain many open issues on how weights 
could be possibly determined. Instead of using 
a hierarchical structure analysis, the present 
study proposes a new preference in conflicting 
environment to determine weight of landfill-siting 
criteria. 

	 In the presence of multiple criteria, a conflict 
may occur in deciding which criterion is more 
important than another. For example, some 
people firmly say that geomorphologic is the 
most influential criterion but this choice may 
receive unwelcoming response from other parties. 
Perhaps another group of people also agree the 
need of geomorphologic criterion but with a 
moderate tone. Thus, solving these conflicting 
situations must be justified by means of conflicting 
considerations. It is a normal practice to make 
a decision just solely on account of the positive 
degree of a criterion. For example, to decide the 
best mobile phone, a list of positive aspects of 
criteria is considered without thinking that the 
negative aspects are equally important. In many 
real-life situations, preferences or judgements 
become more comprehensive if negative and 
positive degrees are considered concurrently. 
The new preference relation which is named as 
conflicting bifuzzy preference relation (CBPR) is 
proposed by introducing some modifications on 
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Table 1. Criteria in landfill siting.

intuitionistic fuzzy preference relations. This new 
insight is actually a hybridisation of intuitionistic 
fuzzy set proposed by Atanassov (1986) and 
preference relation suggested by Xu (2007b). 
The conflicting decision-making environments 
have been successfully used by Zamali et al., 
(2008a; 2009b) to evaluate qualitative attributes 
using equilibrium linguistic bifuzzy preference 
relations. This paper is not intended to explore 
details of these theoretical explanations. Rather, 
it provides the application of conflicting decision-

making in criteria weight of landfill siting. In other 
words, the conflicting idea paves the way to a new 
decision-making model based on intuitionistic 
fuzzy sets and preferences. Therefore, the aim of 
this paper is to weigh the criteria in landfill siting 
in accordance with the preferences based on a new 
conflicting bifuzzy theory. This study attempts to 
solve a conflict in selecting which criterion is the 
best to be considered in locating the best landfills 
in the targeted area. 



Preliminaries
To make this paper self-contained, the following 
definitions are presented. Definition 1 views the 
general frame of Multi-Criteria Decision-Making 
(MCDM). 

Definition  1. Multi-Criteria Decision-Making  
(Liu and Wang (2007).

Let A be a set of alternatives and let C be a set of 
criteria, where A = {A1,A2,..., Am}, C = {C1,C2,..., 
Cn}, respectively. A MCDM problem can be 
concisely expressed in matrix format as:

A general decision problem with m alternatives 
Ai (i = 1,..., m)  and n criteria cj (j = 1,..., n)   can 
be concisely expressed as: D = [xij] and W = (wj), 
where i = 1,...,m and j = 1,...,n. Here D is referred 
to as the decision matrix (where the entry xij  
represents the rating of alternatives Ai with respect 
to criterion Cj), and W as the weight vector (where  
wj represents the weight of criterion Cj). Assume 
that the characteristics of the alternative Ai are 
presented by the intuitionistic fuzzy set (IFS) 
shown as follows: Ai = {(C1,μi1,υi1),..., (Cn,μin, 
υin)}, i = 1,2 ...,m. Where μij indicates the degree 
to which the alternative Mi satisfies criterion Cj, 
υij indicates the degree to which the alternative Ai 
does not satisfy criterion Cj where i = 1,2 ...,m, i = 
1,2 ...,n. Decision-making process stemmed from 
the well-known fuzzy sets theory. 

Definition 2. Fuzzy Sets. Zadeh (1965). 

Let X be a space of points (object), with a general 
element of X denoted by.Therefore, X {x}. A fuzzy 
set (class)  in  is characterised by a membership 
(characteristic) function fA(x) which associates 
with each points in X a real number in the interval  
[0,1] with the value of fA(x) at  representing the 
“grade of membership” of x in A. Thus, the nearer 
the value of fA(x) to unity, the higher the grade of 
membership of x in A. Specifically, a fuzzy set on 

a classical set X is defined as follows: 

 		  A = {(x,μA(x)) | x ∈ X}		  (1)

	 Twenty years later, Atanassov (1986) 
extended this Zadeh’ idea by using the concept 
of dual membership degrees in each of the sets 
discourse by giving both a degree of membership 
and a degree of non-membership which are more-
or-less independent from one to another with the 
sum of these two grades being not greater than 
one (Deschrijver and Kerre, 2007). This idea, 
which is a natural generalisation of a standard 
fuzzy set, seems to be useful in modelling many 
real-life situations (Grzegorzewski and Mrowka, 
2005). It was derived from the capacity of humans 
to develop membership functions through their 
own natural intellect and understanding. It also 
involves contextual and semantic knowledge 
about an issue. It can also entail linguistic truth 
values about this knowledge.	

Definition 3. Intuitionistic fuzzy set (Atanassov, 
1986). 

An intuitionistic fuzzy set, A on a universe X is 
defined as an object of the following form 

     		  A = {(x,μA(x),υA(x)) | x ∈ X}	 (2)

where the functions μA : X → [0,1] define the degree 
of membership and υA : X → [0,1] the degree of 
non-membership of the element x ∈ X in A, and for 
every x ∈ X, 0≤ μA(x) + υA(x)≤1. Obviously, each 
ordinary fuzzy set may be written as {(x,μA(x),1– 
υA(x))|x ∈ X}. He also extended the intuitionistic 
fuzzy sets by adding the intuitionistic index which 
exists because of the uncertainty of knowledge. 
Then, with the introduction of hesitation degree / 
intuitionistic index, an intuitionistic fuzzy set A in 
X may be represented as: 	

		  A = {(x,μA(x),υA(x),πA(x)) | x ∈ X}	 (3)

with the condition. This intuitionistic index turns 
the intuitionistic fuzzy sets into complementary. 
Therefore,

		        πA(x) = 1 – μA(x) – υA	 (4)

	 Fuzzy sets and intuitionistic fuzzy sets 
approaches have inspired a new idea. Zamali et 
al. (2008a) introduced the new theoretical concept 
called ‘conflicting bifuzzy sets’ (CBFS). It is just 
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a small contribution to the condition proposed 
by Atanassov (1986). The extension from IFS 
concepts and Yin Yang theory (Zhang and Zhang, 
2004) motivate the Definition 4. 

Definition 4. Conflicting bifuzzy set (Zamali et 
al., 2008). 

Let a set X be fixed. A conflicting bifuzzy set A of 
X is used and object has the following form: 

		  A = {< (x,μA(x),υA(x)) > | x ∈ X}	  (5)

where the functions μA : X → [0,1]  represents 
the degree of positive x with respect to A and                       
x ∈ X → μA(x) ∈ [0,1], With the new condition 0 < 
μA(x) + υA(x) ≤ 1 + ξ by replacing the intuitionistic 
condition. The functions υA : X → [0,1] represent 
the degree of negative x with respect to A and x 
∈ X → υA(x) ∈ [0,1]. The ξ represents the small 
conflict value which exists only when values of 
bifuzzy is larger than one. From intuitionistic 
bifuzzy the unknown value π = 1 – μ – υ while for 
conflicting bifuzzy the small conflict value is |ξ| = 
1 – μ – υ, for all 0 ≤ ξ ≤ 1. The conflicting bifuzzy 
can only be considered in certain cases when it is 
out of intuitionistic condition.

	 In decision-making there are many available 
procedures to cater to selection processes. Score 
function is one of the selective procedures 
for selection and ranking specifically for 
complementary judgement. This model was 
created by Wang et al. (2008) in fuzzy multi-
criteria decision-making based on vague sets. 
This new score function developed as a result 
of some insignificant element detected in the 
earlier formula from Chen and Tan (1994) when 
incriminating fuzzy data. 

	 Nowadays, score function has been adopted 
into ranking and selection in intuitionistic fuzzy 
decision-making. The traditional score function is 
given as
			   ∆bij = μij – υij                 	  (6)

where ∆bij is the score of bij, and ∆bij ∈ [–1,1]. The 
larger the score, the greater the intuitionistic fuzzy 
values bij. 

	 This research uses new score function 
for ranking and selection process by applying 
intuitionistic fuzzy sets. This score function is 

reasonably used in judgement due to its property 
of considering the unknown part (πij).

Definition 5. Score function of intuitionistic fuzzy 
sets (Wang et al., 2008).

Let xij = (μij , υij) be an intuitionistic fuzzy value. 
For μij , υij ∈ 1, μij + υij  ≤ 1. The score of xij can be 
evaluated by the score function S defined as, 

(7)

is (xij) the score function of xij, and S(xij) ∈ 
[–1,1]. The greater the value of S(xij), the higher 
the degree of appropriateness that alternatively 
satisfies some criteria. 

	 Szmidt and Kacprzyk, (2002) generalised the 
fuzzy preferences in relation to the intuitionistic 
fuzzy preference relation. Xu (2007a) introduced 
the concept of intuitionistic preference relation 
as a combination of IFS and fuzzy preference 
relations.

Definition 6. Intuitionistic preference relation 
(Xu, 2007a). 

An intuitionistic preference relation B on the set X  
is represented by a matrix B = (bij)  ⊂ X x X with 
bij = <(xi,xj),μ(xi,xj),υ(xi,xj)> for all  i,j = 1,2,...,n. 
For convenience, we let bij = (μij,υij), for all i,j = 
1,2,...,n where bij is an intuitionistic fuzzy value, 
composed by the certainty degree μij to which xi 
is preferred to xj and certainty degree υij to which 
xi is non-preferred to xj, and π = 1 – μij – υij is 
interpreted as the uncertainty degree to which xi is 
preferred to xj where μij, υij satisfy 0 ≤ μij + υij ≤ 1. 
The concept of intuitionistic preference relations 
and fuzzy preference relations lead into the 
proposed conflicting bifuzzy preference relations. 

Definition 7. Conflicting bifuzzy preference rela-
tions. 

A conflicting bifuzzy preference relation P is a 
bifuzzy subset of A x A which is characterised by 
the following membership function:
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and

Definition 8. Condition of conflicting bifuzzy 
(Imran et al., 2008). 

Let A = {a1,a2,...,an} be a finite set of alternatives 
and B = {(b1,b2,...,bm} the set of DMs. X is a 
matrix of conflicting bifuzzy preferences relation 
represented by X = (xij)nxn ⊂ A x A for all  xij = 
<(ai,aj),μ(ai,aj),υ(ai,aj)> for all i, j = 1,2,...,n where  
xij is an conflicting bifuzzy value, composed by 
the certainty degree μij to which ai is positively 
preferred to aj and certainty degree υij to which ai is 
negatively preferred to aj, and  0 < μA(a) + μA(a) < 
1 + ξ, μij = υij, υij = μij. 

	 For conflicting bifuzzy, the condition is not 
restricted to 1 or less than 1, as to discard the 
intuitionistic fuzzy set constraints. Details of 
these arguments can be seen from Imran et al. 
(2008). The addition value for positive preference 
and negative preference can be greater than 1 
but never exceed 2. There are some relations and 
operations which are very important to aggregate 
conflicting bifuzzy preference relations. 

Weight of Criteria under Conflicting Preference 
Aggregation of criteria weight is executed using 
the conflicting bifuzzy preference relations. 
Membership functions of the newly-constructed 
bifuzzy preference relation which accounted both 
positive and negative judgement are the input 
for the approach. This section presents five steps 
of the conflicting bifuzzy preference relations 
approach in determining weight for each criterion. 

Step 1: Let  A = {a1,a2,...,an} be a finite set of 

alternatives and B = {(b1,b2,...,bm} the set of 
decision-makers (DMs). Let  ω = {(ω1,ω2,...,ωm}  
be the weight vector of DMs. The DM bk ∈ D 
provides his/her conflicting bifuzzy preference 
for each pair of alternatives, and constructs 
conflicting bifuzzy preference relations.

Step 2: Use the conflicting bifuzzy fuzzy 
arithmetic averaging operator to aggregate all xij

(k) 
(k = 1,2,...,n) for getting the averaged conflicting 
bifuzzy values of the alternatives xi over all the 
other alternatives.

                                                                                       (8)

Step 3: Use the score function (7) to aggregate all 
xi

(k) (k = 1,2,...,m) corresponding to m DMs into a 
collective conflicting bifuzzy values xi of all the 
alternatives ai over all the other alternatives. 

Step 4: Normalise the matrix and aggregate the 
criteria weight. The normalised value is, 

                                                                                  (9)

Step 5: Aggregated the priority weights of each 
criteria ωi, where the ωi  denotes the priority 
weight of criteria i, n represents the number of 
criterion and                    .

                                                                                               (10)

Weight of Landfill-Siting Criteria:  A Case Study
This study selects three landfills in Kedah to test 
the decision-making model. Data were supplied 
by three environmental officers from three 
town municipalities in Kedah, Malaysia. The 
experts need to rate in nine linguistic terms from 
extremely poor to extremely good over the ten 
criteria of landfill siting. The linguistic terms and 
their respective intuitionistic fuzzy membership 
can be seen in Table 2. 

	 The ten preference criteria were Political 
Issues (C9), Land Use (C6), Wildlife Conflicts(C8), 
Hydrology (C2), Transportation (C3), Pollution(C10), 
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Geomorphologic(C4), Humanistic(C5), Agriculture 
(C1) and Economic/Financial (C7). Data were 
computed using the proposed conflicting bifuzzy 
preference relations. In this experiment, a decision 
has to be made in establishing weight of the landfill-
siting criteria according to experts’ preferences. 
Weighted criteria from the preferences represent 
the importance of the criteria in landfill siting. The 
decision process adheres to the following steps. 

Step 1:

The landfill-siting criteria are divided into ten, 
ai(i = 1,2,...,10) with respect to their municipal 
solid-waste expert decision-maker’s assessment 
and three DM’s bk(k = 1,2,3) have been set 
up to provide assessment information on ai(i 
= 1,2,...,10). The DM’s bk(k = 1,2,3) provide 
conflicting bifuzzy preferences value for each 
pair of alternatives and construct the conflicting 
bifuzzy preference relations matrix. 

Step 2: 

Use the conflicting bifuzzy fuzzy arithmetic 
averaging operator to aggregate all xij

(k)(k = 1,2,3) 
for obtaining the averaged conflicting bifuzzy 
values of the criteria xi over all the other criteria:

Step 3:

Use the score function to aggregate all xij
(k)

(k = 1,2,3) ensuing to m DM’s into a collective 
conflicting bifuzzy values xi of the entire criteria 

ai over all the other criteria. Thus collective 
conflicting bifuzzy values are, 

Step 4:

Normalise the matrix and aggregate the criteria 
weight. Thus decision-makers’ normalised values 
are,

Step 5: 

Aggregate the priority weights of each criteria ωi, 
where the ωi denotes the priority weight of criteria 
i, n represents the number of criterion. The weight 
for each criterion is obtained as, 

Therefore, the weights can be arranged in 
descending order as 

Weights of the criteria and importance order can 
be summarized in Table 3. 

	 In this case study, it was found that the 
criterion of Political Issue received the highest 
weight in deciding landfill siting followed by 
Land Use. At the other end, Economic/Financial 
criterion recorded the lowest weight. 

Conclusion
Issue of unequal contributions among multiple 
criteria in deciding the best landfill siting has been 
addressed. The proposed method develops from 

Table 2. Intuitionistic linguistic term.
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intuitionistic preference relation together with 
a score function prior to normalisation process 
were intricately blended to determine weights for 
landfill-siting criteria. The use of score function 
in conflicting preference relations offer a new 
dimension for the estimated weights. Positive 
and negative performance evaluations for the 
criteria were compromised to reach a decision 
based on weighted criteria. Of the ten criteria, 
criterion of Political Issues carried the highest 
weight followed by the criterion of Land Use. 
This weight evaluation concludes that political 
issue was the most influential determinant in 
landfill-siting criteria, specifically at the studied 
area. The evaluation also decides that the criterion 
of financial consequence to management, such 
as land cost, operating cost and capital cost, was 
given the least priority. The result gives insight 
into the importance of the selected criteria in 
deciding the best landfill siting. It is hoped 
that the results may offer an opportunity for 
municipalities to emulate the weighted criteria 
in landfill-siting selection and help in finding 
an easy solution. Planning for landfill siting 
indeed demand comprehensive analysis of the 
criteria. The application of appropriate tools in 
decision-making would generate more reliable 
judgement. It is also suggested that the feasibility 
of the conflicting bifuzzy preference relations be 
extended in other decision-making environments. 
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