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Abstract A municipal solid waste management
(MSW) expert group was consulted in order to
mirror how government officials might reach an
effective solution regarding municipal solid waste
management in Metro Manila. A critical issue
regarding this is how the expert group can bet-
ter evaluate and select a favorable MSW man-
agement solution using a series of criteria. MSW
management solution selection is a multiple cri-
teria decision-making (MCDM) problem, which
requires the consideration of a large number of
complex criteria. A robust MCDM method should
consider the interactions among these criteria.
The analytic network process (ANP) is a rela-
tively new MCDM method which can deal with all
kinds of interactions systematically. The Decision
Making Trial and Evaluation Laboratory (DE-
MATEL) not only can convert the relations be-
tween cause and effect of criteria into a structural
model, but also can be used as a way to handle the
inner dependences within a set of criteria. Hence,
this paper applies an effective solution based on
a combined ANP and DEMATEL method to
assist the expert group evaluating different MSW
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management solutions. According to the results,
the best solution is for each city to have its own
type of thermal process technology and resource
recovery facility before landfill rather than en-
tering a joint venture with enterprises or going
into build-operate-transfer projects in order to be
able to construct thermal process technologies and
resource recovery facilities.
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Introduction

Metro Manila is considered the Philippines’ gate-
way to the world. It serves as the country’s major
commercial, financial and educational center and
the heart of the country’s national government
where the major administrative offices are lo-
cated. Metro Manila is geographically defined by
fourteen (14) cities and three (3) municipalities.
These are the cities of Manila, Quezon, Caloocan,
Makati, Marikina, Mandaluyong, Las Piñas, Pasig,
Muntinlupa, Malabon, Valenzuela, Pasay, Taguig
and Parañaque and the municipalities of Navotas,
Pateros and San Juan.

Metro Manila, while being the heart of the
Philippine economy, is also considered one of the
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most polluted areas in the Asia Pacific region.
As in most developing countries which have har-
vested the success of economic growth, the con-
sumption and production behavior of its millions
of residents greatly threatens the quality of its
environment and the integrity of its natural re-
sources. The region is now facing a huge prob-
lem of pollution. Aside from the conventional air
and water pollution threats, the solid waste issue
has also been a perennial problem. Unsegregated
MSW forms a strong barrier to the resource re-
covery strategy and the lack of sanitary landfills
generates challenge to the limited disposal options
in a scenario wherein an incinerator ban policy
was introduced in the Philippines (Chiu 2006). An
Asian Development Bank (2003) study showed
that Metro Manila generates 6,720 metric tons of
MSW on a daily basis. It is said that this amount
will grow by 40 percent by 2010. This alarming
rate of waste generation leaves the region with
an overwhelming problem of MSW management.
Much needed improvements on resource recovery
strategy and disposal methods are thus becoming
more critical issues as garbage production in the
region increases.

Two alternatives are currently used as solu-
tions to MSW management in Metro Manila:
different thermal process technologies and re-
source recovery facilities. The latter involves
sorting solid waste at a barangay level into three
categories: those that can be reused recycled, and
which are sent to landfills. Composting also oc-
curs at these facilities. On the other hand, dif-
ferent examples of thermal process technologies
include cement kiln technology, byproduct utiliza-
tion, refuse-derived fuel (RDF) combustion, and
pyrolysis.

Improper, MSWM also has an impact on air,
soil, and water pollution. Indiscriminate dump-
ing of wastes contaminates surface and ground
water supplies. In urban areas, solid waste clogs
drains, creating stagnant water for insect breeding
and floods during rainy seasons. Uncontrolled
burning of wastes and improper incineration
contributes significantly to urban air pollution.
Greenhouse gases are generated from the de-
composition of organic wastes in dumpsites, and

untreated leachate pollutes surrounding soil and
water bodies (IBRD-WB 1999).

Effective solid waste management largely be-
gins with proper MSW management. Hence, in
order to implement MSW management success-
fully, better evaluation and selection of a favor-
able MSW management solution is critical. MSW
management solution evaluation usually involves
subjective and qualitative judgment. In particu-
lar, selection of MSW management options is
a strategic issue (Vego et al. 2007; Khan and
Faisal 2008), which is restricted by resource needs,
realistic support, time requirements, conformity
with expected outcomes, etc. In this sense, the
process of selecting an MSW management so-
lution requires the handling of several complex
decision factors in a sensible and logical man-
ner. Therefore, MSW management selection is a
multiple criteria decision-making (MCDM) prob-
lem, and requires MCDM methods to solve it
appropriately.

Traditional MCDM methods are based on the
additive concept along with the independence as-
sumption, but individual criterion is not always
completely independent (Shee et al. 2003). For
solving the interactions among elements, the an-
alytic network process (ANP) as a relatively new
MCDM method was proposed by Saaty (1996).
The ANP is a mathematical theory that can deal
with all kinds of dependence systematically. The
ANP has been successfully applied in many fields
(Chung et al. 2005; Tesfamariam and Lindberg
2005; Tseng et al. 2008). ANP has a systematic
approach to set priorities and trade-offs among
goals and criteria, and also can measure all tan-
gible and intangible criteria in the model. How-
ever, the treatments of inner dependences in those
ANP works were not complete and perfect. To
address this, the Decision Making Trial and Eval-
uation Laboratory (DEMATEL), a mathemati-
cal computation method, not only can convert
the relations between cause and effect of criteria
into a visual structural model (Hori and Shimizu
1999; Wu 2008), but also can be utilized as a wise
way to handle the inner dependences within a
set of criteria. As the ANP and the DEMATEL
both have their respective advantages, this paper
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applies an effective solution based on a com-
bined ANP and DEMATEL approach to assist
the expert group that will mirror the selection
of a favorable MSW management solution. Also,
it illustrates the application for the expert group
decision making. The rest of this paper is orga-
nized as follows. In Literature review, an evalua-
tion framework is proposed. In Research method,
literatures relevant to the topic are reviewed. In
Metro Manila case study, evaluation methods are
presented. In Discussion, a study is illustrated.
Finally, according to the findings of this research,
conclusions and suggestions are presented in
Conclusions.

Literature review

The section aims to identify the theoretical com-
position that will be considered in this study’s
objectives. Researchers have described MSW
management as a strategic, decision making per-
spective in order to improve present performance.
Their researches covered criteria identification in
order to describe such a decision-making process
and criteria in enhancing such.

After the 1990s, as MSW policies became
more complicated, the factors to be considered
also increased; hence, several MSWM models
with deeper analysis emerged. Hokkanen and
Salminen (1997) applied the decision making
method ELECTRE to select a MSW management
system in Finland, with eight criteria; namely: cost
per ton, technical reliability, global effects, local
and regional health effects, acidic releases, surface
water dispersed releases, number of employees,
and amount of recovered waste. Twenty-two al-
ternatives under either decentralized or central-
ized management systems were examined, with
various treatment methods such as composting,
RDF combustion, and landfill.

The factors considered in MSW management
models tend to be mainly economic (e.g., sys-
tem cost and system benefit), environmental (air
emission, water pollution) and technological (the
maturity of the technology). Wilson et al. (2001),
who interviewed eleven different leading edge

European MSW programs in nine countries, pro-
posed that “including different public groups
in the process from the very beginning can
help avoid the high levels of controversy and
public opposition that have surrounded many
MSW projects”. Morrissey and Browne (2004)
proposed that a sustainable MSW management
model should not be only environmentally ef-
fective and economically affordable but also so-
cially acceptable. Karagiannidis and Moussiopou-
los (1998) proposed a set of multiple criteria,
which cover social, environmental, financial, and
technical aspects, for dealing with optimization of
regional solid waste management. Su et al. (2007)
studied many modern decision making support
systems which already partially consider social
factor analysis in addition to expenses and ben-
efits, environmental effects, technical issues, and
management aspects. A study in Taiwan’s major
MSW policies in the past 10 years discovered that
there is still a great deal of uncertainty associated
with policy implementation, even when the effects
of factors related to environmental, economic, so-
cial, technological, and management aspects have
been considered. Hung et al. (2007) reviewed sev-
eral models developed to support decision making
in MSW management. Their concepts underlying
sustainable MSW management models can be di-
vided into two categories; this same clustering was
also supported by various researchers. The first
category incorporates social factors into decision
making methods (Chung and Lo 2003; Cavallaro
and Ciraolo 2005; Hernandez and Martin-Cejas
2005), whereas the other model incorporates pub-
lic participation into the decision making process
(Ananda and Herath 2003; Skordilis 2004).

This study uses objective factors that cover
all the major key elements; namely: social, eco-
nomic, technological, political and administrative
dimensions These factors were used extensively
in Chiu (2006), Cheng et al. (2002), Chung and
Lo (2003), Hernandez and Martin-Cejas (2005),
Skordilis (2004), Cavallaro and Ciraolo (2005),
Su et al. (2007) and Hung et al. (2007). In addi-
tion, this study applied an effective solution based
on a combined ANP and DEMATEL approach
to assist the expert group that needs to select a
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favorable MSW management solution. Also,
Metro Manila case study presents the application
of expert group decision making.

Research method

The research method can be justified using precise
values in complex evaluation systems. A com-
plex evaluation environment can be divided into
subsystems to more easily judge differences and
measurement scores. A DEMATEL is used to
construct interrelations between criteria. The cri-
teria weights are then obtained through ANP,
measuring dependence and feedback.

The DEMATEL method

The DEMATEL method originated from the
Geneva Research Centre of the Battelle Memor-
ial Institute (Gabus and Fontela 1973; Fontela and
Gabus 1976). It is especially practical and useful
for visualizing the structure of complicated causal
relationships with matrices or digraphs. The ma-
trices or digraphs portray a contextual relation
between the elements of the system, in which a nu-
meral represents the strength of influence. Hence,
the DEMATEL method can convert the relation-
ship between the causes and effects of criteria into
an intelligible structural model of the system. The
DEMATEL method has been successfully applied
in many fields (Hori and Shimizu 1999; Sankar
and Prabhu 2001; Chiu et al. 2006; Seyed-Hosseini
et al. 2006). The essentials of the DEMATEL
method suppose that a system contains a set of
criteria C = {C1,C2, . . .,Cn}, and the particular pair-
wise relations are determined for modeling with
respect to a mathematical relation. The solving
steps are as follows:

Step 1: Generating the direct relation matrix.
Measuring the relationship between cri-
teria requires that the comparison scale
be designed as four levels: 0(no in-
fluence), 1(low influence), 2(high influ-
ence), 3(very high influence). Experts
make sets of the pairwise comparisons in
terms of influence and direction between
criteria, the initial data can be obtained

as the direct-relation matrix that is a n x n
matrix A, in which aij is denoted as the
degree to which the criteriai affects the
criteria j.

Step 2: Normalizing the direct relation matrix.
On the base of the direct – relation
matrix A, the normalized direct-relation
matrix X can be obtained through the
following formulas:

X = k × A (1)

k = 1

max
1≤i≤n

∑n
j=1 aij

, i, j = 1, 2, ........, n

(2)

Step 3: Attaining the total relation matrix. Once
the normalized direct-relation matrix X
is obtained, the total relation matrix T
can be acquired by using formula (3), in
which I is denoted as the identity matrix:

T = X (I − X)−1 (3)

Step 4: Producing a causal diagram. The sum of
rows and the sum of columns are sepa-
rately denotes as vectors D and vector R
through formula (4)–(6). The horizontal
axis vector (D+R) named “Prominence”
is made by adding D to R, which reveals
how much importance the criterion has.
Similarly, the vertical axis (D–R) named
“Relation” is made by substracting D
from R, which may group criteria into a
cause group. Or, if the (D–R) is negative,
the criterion is grouped into the effect
group. Therefore, the causal diagram
can be acquired by mapping the dataset
of the (D + R,D - R), providing valuable
insight for making decisions.

T = [
tij

]
n×n , i, j = 1, 2, ............., n (4)

D =
[

n∑

i=1

tij

]

n×1

= [ti]n×1 (5)

R =
⎡

⎣
n∑

j=1

tij

⎤

⎦

1xn

= [
t j
]

nx1 (6)
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In these equations, vector D and vector
R denote the sum of rows and the sum
of columns from total-relation matrix
T = [

tij
]

n×n, respectively,
Step 5: Obtaining the inner dependence matrix.

In this step, the sum of each column in
total-relation matrix is equal to 1 by the
normalization method, and then the in-
ner dependence matrix can be acquired.

The ANP method

MSW management is a MCDM problem, but the
chosen solution must consider the interdepen-
dences among elements. In order to deal with
these, the ANP as a new MCDM method was
proposed by Saaty (1996).

Saaty (1999) demonstrated several types of
ANP models, such as the Hamburger Model,
the Car Purchase BCR model, and the National
Missile Defense model. This kind of model can
effectively capture the complex effects of inter-
play in human society, especially when risk and
uncertainty are involved Saaty (2003). However,
it is usually hard to obviate the possibility of
interactions within the criteria cluster. Thus, this
paper suggests a modified feedback system model
(Fig. 1) that allows inner dependences within the
criteria cluster, in which the looped arc signifies
the inner dependences.

This study involves numbers of pairwise com-
parisons for deriving the priorities of different
alternative evaluation. Synthesizing experts’ opin-
ions is in compliance with the geometric mean
method Buckley (1985). The valuation scales used
in the study are those recommended by Saaty
(1980, 1996), where 1 is equal importance, 3 is

Fig. 1 Study feedback system model

moderate importance, 5 is strong importance, 7
is very strong or demonstrated importance, and
9 is extreme importance. Even numbered values
will fall in between importance levels. Reciprocal
values (e.g. 1/3, 1/5, etc.) mean less importance,
even less importance, etc.

Saaty (1980) proved that for consistent recip-
rocal matrix, the λmax value is equal to the num-
ber of comparisons, or λmax = n. A measure of
consistency was given, called Consistency Index
as deviation or degree of consistency using the
following formula. If the value of C.I. Ratio C.I. =
(λmax − n)/(n−1) is smaller or equal to 10%, the
inconsistency is acceptable. If the C.I. ratio is
greater than 10%, the subjective judgment needs
to be revised.

n in the formula denotes the number of ele-
ments that have been compared. When λmax = 0,
the complete consistency exists within judgment
procedures and then λmax = n. The consistency ra-
tio (C.R.) of C.I. to the mean random consistency
index (R.I.) is expressed as C.R. (C.R. = C.I./ R.I.)
less than 0.1. Saaty randomly generated reciprocal
matrix using scale 1/9, 1/8, 1/7, .....1,...., 8, 9 (similar
to the idea of Bootstrap) and took the random C.I.
to see if it was about 10% or less.

After eigen-vector decomposed, the priority
weights in the same hierarchy are computed
through normalization. The normalized weight
vectors are W = (x1, x2, ....... xn). The outcome
of the process above is able to compose an un-
weighted supermatrix. Its columns contain the
priorities derived from the pairwise comparisons
of the elements. In an unweighted supermatrix,
its columns may not be column stochastic. To
obtain a stochastic matrix, i.e., each column sums
to one, the blocks of the unweighted supermatrix
should be multiplied by the corresponding cluster
priority. The supermatrix should then be raised to
a large power to capture first, second, and third
degree influences. When the differences between
corresponding elements of a column are less than
a very small number, for successive powers of the
supermatrix, the process has converged. To derive
the overall priorities of elements, this method in-
volves multiplying submatrices numerous times in
turn, until the columns stabilize and become iden-
tical in each block of submatrices. The research
model requires adjusting of the unweighted su-
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permatrix to keep it column stochastic because it
involves inner dependences and interdependency
in the element clusters, The weighted superma-
trix (the adjusted unweighted supermatrix) can
then be raised to limiting powers to calculate the
overall priority weights. The ANP employs the
limiting process method lim

k→∞
Wk of the powers of

the supermatrix (Saaty 1996; Meade and Sarkis
1998; Sekitani and Takahashi 2001; Tseng et al.
2008). For synthesizing overall priorities for the
alternatives, the unweighted supermatrix requires
adjusting in order to keep it column stochastic
(Sarkis 1999).

The weighted supermatrix (the adjusted un-
weighted supermatrix) can be raised to limiting
powers to calculate the overall priorities. How-
ever, before forming the unweighted superma-
trix, the treatment of inner dependences needs to
employ the DEMATEL. The treatment of inner
dependences can theoretically use the ANP, but
DEMATEL might be a better option as it can
produce more valuable information for making
decisions.

Metro Manila case study

This section aims to operationalize evaluation
methodology of the different MSW management
criteria so to select an optimal alternative for
Metro Manila. The expert opinions are obtained
from the expert group composed of two professors
and six technologists with extensive experience
consulting in government projects.

MSW management in Metro Manila

Inefficient and ineffective MSW management
practices are said to be the center of the coun-
try’s garbage problem. Mismanagement of MSW
can also cause different serious problems with
linkages to ground and surface water contamina-
tion, obstruction of drainage causing flooding and
breeding grounds for disease carrying organisms,
air pollution with exposure to harmful dioxins if
MSW were improperly incinerated, and other ill
effects. The effects of the MSW problem can be
substantially evident even to the casual observer

given its environmental, health, and aesthetic
impacts.

In lieu of that past practices which were in-
sufficient to handle the holistic issues of MSW,
Republic Act 9003, also known as the Ecologi-
cal Solid Waste Management Act of 2001, was
enacted. This Act provides a broad-based and
comprehensive approach for MSW management
in the country by essentially covering the social,
economic, technological, political and administra-
tive dimensions of MSW management (NSWMC
2005). The social dimension of MSW management
involved the participation of the community in
their consumption and disposal attitude towards
minimizing MSW generation. The economic di-
mension dealt with resource recovery. The tech-
nological dimension discussed state-of-the-art
appropriate, effective and acceptable practices of
waste disposal. Cutting across these three dimen-
sions were political and administrative dimensions
of waste minimization, recovery and disposal.

The trends in MSWM in the metropolis are
studied in order to provide substantial research
information on how the expert group responded
to the growing concerns on MSWM. This study
focuses on how stakeholders and other involved
factors influence the decision-making in MSWM
in the urban areas of Metro Manila. There are
also invaluable lessons that could be extracted
from the existing practices on waste generation
pattern, management options, resource recovery,
key influence factors, and other factors that could
contribute to the new Ecological Solid Waste
Management Act with integral approaches.

Problem description

The expert group strived to recommend the
MSWM system and expected it to remain long-
term in Metro Manila. The expert group reviewed
the MSWM because environmental protection is
one of the most prioritized issues of the present
government. The expert group has the same need
to find a solution regarding MSW management. It
intends to evaluate and select a proper solution
of MSW management, and made this MSWM
selection more logical and persuasive as there is
a growing need for an analytical and systematic
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way of solution selection in government decision
procedures. For better handling of this MCDM
problem, the eight-member expert group, should
adopt possible solutions and criteria of MSW
management which essentially cover the social,
economic, technological, political and administra-
tive dimensions. This study would provide policy
recommendations, and would be useful in the
efficient and effective implementation of MSW
management in Metro Manila.

Recovery problem

A small portion of the solid waste is currently
successfully recovered, recycled, or composted,
despite the existence of a relatively large mar-
ket for compost and used products made from
recycled plastics, glass bottles, scrap paper, and
scrap metals (WB 2001). Although many improve-
ments are being achieved by the recycling sector,

there is still plenty of room for further improve-
ment. In fact, recycling rates in Metro Manila
are increasing at a very fast pace. In 1997, the
recycling rate of Metro Manila based on reports
by junkshop dealers was only 6%. This grew to
13% in 2000 and to 25% in 2003 due to efforts
made by the MMDA and NGOs to promote seg-
regation at source, composting, and recycling. A
proper way of recycling of resources which fits
17 essential criteria needs to be identified These
criteria are based on the consideration of admin-
istrative and technological dimensions along with
the triple bottom line, which takes into account
the importance of environment, economic, and so-
cial impacts in decision-making. They are, namely;
environmental issues, ecological, behavior, human
health, natural resources, cost and expenses, re-
source recycling, supporting funds, social welfare,
applicability, land demand, technological matu-
rity, independence, progress schedule, implemen-
tation schedule, and coordination of resources.

Fig. 2 Operational decision framework
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Landfilling problem

Solid waste disposal site availability continues to
be a pressing problem in Metro Manila. With
the closure of two disposal sites in Carmona and
San Mateo in 1998 and 2000 respectively, Local
Government Units in Metro Manila are search-
ing for available disposal sites for their garbage.
Presently, all collected wastes in Metro Manila
are disposed in controlled dumpsites. As resource
recovery, e.g. composting; and final disposal, e.g.
landfill are the recognized feasible options for
the outbound process of the Metro Manila solid
waste, landfill availability would be a priority
issue. . However, similar to most developing coun-

tries in Asia, household solid waste reaching open
dumpsites in the Philippines is high in moisture
and organic content, and low in calorific value.
These conditions are not favorable to simple land-
filling nor energy recovery.

In summary, this study is composed of two
research problems; namely: resource recovery and
the inadequacy of landfills as a MSW solution;
and six solution alternatives, which involve the use
of either thermal process technology or resource
recovery facilities. The government can opt to
construct either of these in three different ways:
as self-owned facilities, in a joint venture with a
private company, or using a build-operate-transfer
process.

Fig. 3 DEMATEL causal diagram



192 Environ Monit Assess (2009) 156:181–197

T
ab

le
4

T
he

no
rm

al
iz

ed
un

w
ei

gh
te

d
su

pe
rm

at
ri

x

G
1

G
2

C
1

C
2

C
3

C
4

C
5

C
6

C
7

C
8

C
9

C
10

C
11

C
12

C
13

C
14

C
15

C
16

C
17

A
1

A
2

A
3

A
4

A
5

A
6

G
1

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

56
8

0.
47

0
0.

43
0

0.
37

0
0.

44
0

0.
57

0
G

2
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
43

2
0.

53
0

0.
57

0
0.

63
0

0.
56

0
0.

43
0

C
1

0.
06

8
0.

08
0

0.
03

9
0.

03
9

0.
04

2
0.

03
9

0.
03

5
0.

04
0

0.
03

7
0.

02
8

0.
03

3
0.

03
8

0.
03

9
0.

03
7

0.
04

0
0.

03
5

0.
04

0
0.

03
7

0.
03

9
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

2
0.

07
0

0.
06

5
0.

03
7

0.
03

6
0.

04
0

0.
03

7
0.

03
4

0.
03

4
0.

03
5

0.
02

7
0.

03
2

0.
03

4
0.

03
7

0.
03

6
0.

03
8

0.
03

4
0.

04
8

0.
03

6
0.

03
4

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
3

0.
07

9
0.

08
4

0.
04

0
0.

04
0

0.
03

1
0.

04
2

0.
03

6
0.

03
8

0.
03

5
0.

03
4

0.
03

6
0.

03
7

0.
03

8
0.

04
6

0.
04

1
0.

04
2

0.
04

1
0.

03
0

0.
04

4
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

4
0.

05
5

0.
04

3
0.

02
0

0.
02

0
0.

02
0

0.
01

9
0.

02
6

0.
02

6
0.

02
4

0.
02

9
0.

02
9

0.
02

6
0.

02
6

0.
02

7
0.

03
1

0.
02

5
0.

01
9

0.
02

7
0.

02
8

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
5

0.
06

6
0.

03
6

0.
03

6
0.

03
6

0.
03

7
0.

02
5

0.
03

7
0.

02
9

0.
03

3
0.

03
6

0.
02

9
0.

02
9

0.
03

0
0.

02
5

0.
02

7
0.

03
0

0.
02

5
0.

03
2

0.
03

2
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

6
0.

05
3

0.
08

3
0.

03
3

0.
03

3
0.

02
4

0.
03

4
0.

02
9

0.
03

0
0.

02
7

0.
03

2
0.

02
8

0.
03

0
0.

02
8

0.
02

5
0.

03
4

0.
03

0
0.

03
5

0.
02

3
0.

02
9

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
7

0.
05

9
0.

05
9

0.
03

3
0.

02
5

0.
03

6
0.

03
6

0.
03

2
0.

03
1

0.
03

1
0.

03
4

0.
03

4
0.

03
3

0.
03

1
0.

03
4

0.
03

5
0.

03
1

0.
02

4
0.

03
2

0.
03

3
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

8
0.

03
7

0.
02

1
0.

02
7

0.
02

7
0.

01
8

0.
03

2
0.

02
4

0.
02

0
0.

02
3

0.
02

6
0.

02
7

0.
02

0
0.

02
1

0.
02

8
0.

01
8

0.
01

7
0.

03
0

0.
01

8
0.

01
8

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
9

0.
04

6
0.

05
2

0.
01

9
0.

01
9

0.
02

0
0.

01
8

0.
03

1
0.

02
4

0.
02

6
0.

02
4

0.
02

3
0.

02
6

0.
02

5
0.

02
7

0.
03

0
0.

02
5

0.
01

8
0.

02
7

0.
02

7
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

10
0.

06
2

0.
07

2
0.

03
4

0.
03

5
0.

03
7

0.
03

6
0.

02
5

0.
03

1
0.

03
2

0.
03

2
0.

03
4

0.
03

2
0.

03
3

0.
03

4
0.

02
6

0.
03

2
0.

02
7

0.
03

3
0.

03
1

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
11

0.
03

9
0.

03
9

0.
02

0
0.

02
9

0.
03

2
0.

01
9

0.
02

5
0.

02
4

0.
02

7
0.

02
3

0.
02

4
0.

02
5

0.
02

4
0.

01
9

0.
02

9
0.

01
8

0.
01

9
0.

02
7

0.
02

9
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

12
0.

05
3

0.
05

3
0.

02
7

0.
01

9
0.

01
9

0.
03

0
0.

03
2

0.
02

5
0.

02
6

0.
01

9
0.

02
8

0.
02

5
0.

02
6

0.
02

6
0.

01
9

0.
02

5
0.

02
9

0.
01

9
0.

01
9

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
13

0.
04

2
0.

04
2

0.
01

9
0.

01
8

0.
03

0
0.

01
7

0.
02

4
0.

02
4

0.
02

5
0.

01
8

0.
02

2
0.

02
5

0.
02

2
0.

01
7

0.
02

8
0.

02
4

0.
01

8
0.

02
6

0.
02

7
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

14
0.

06
2

0.
05

2
0.

02
1

0.
03

0
0.

02
1

0.
03

2
0.

02
7

0.
02

8
0.

02
9

0.
03

5
0.

02
6

0.
02

7
0.

02
6

0.
02

0
0.

03
3

0.
02

8
0.

02
3

0.
03

0
0.

02
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
15

0.
06

7
0.

07
7

0.
02

1
0.

02
1

0.
02

0
0.

02
1

0.
02

0
0.

02
8

0.
02

4
0.

03
6

0.
03

0
0.

02
7

0.
02

6
0.

02
9

0.
01

9
0.

03
3

0.
03

1
0.

03
6

0.
02

9
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
C

16
0.

08
0

0.
05

9
0.

03
6

0.
03

6
0.

03
7

0.
03

7
0.

03
2

0.
03

3
0.

03
4

0.
03

5
0.

03
0

0.
03

3
0.

03
5

0.
03

4
0.

02
7

0.
03

8
0.

03
6

0.
03

4
0.

02
6

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
17

0.
06

2
0.

08
3

0.
03

7
0.

03
7

0.
03

8
0.

02
7

0.
03

2
0.

03
3

0.
03

0
0.

03
4

0.
03

5
0.

03
4

0.
03

3
0.

03
5

0.
02

6
0.

03
2

0.
03

8
0.

03
4

0.
03

6
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
A

1
0.

00
0

0.
00

0
0.

12
1

0.
09

5
0.

06
5

0.
14

5
0.

09
0

0.
06

7
0.

05
6

0.
05

7
0.

07
6

0.
15

9
0.

16
3

0.
07

6
0.

11
7

0.
09

3
0.

06
5

0.
08

1
0.

12
4

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

A
2

0.
00

0
0.

00
0

0.
06

6
0.

04
9

0.
21

2
0.

06
3

0.
06

1
0.

06
8

0.
14

3
0.

10
0

0.
07

1
0.

04
2

0.
05

3
0.

12
5

0.
06

0
0.

08
7

0.
08

1
0.

12
5

0.
09

5
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
A

3
0.

00
0

0.
00

0
0.

06
3

0.
09

7
0.

06
4

0.
10

6
0.

10
0

0.
03

9
0.

04
8

0.
07

7
0.

13
4

0.
05

6
0.

06
0

0.
09

5
0.

07
0

0.
10

1
0.

06
9

0.
06

5
0.

07
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

A
4

0.
00

0
0.

00
0

0.
10

8
0.

07
4

0.
06

0
0.

03
3

0.
06

5
0.

13
0

0.
10

1
0.

10
9

0.
05

8
0.

10
5

0.
10

0
0.

05
3

0.
10

1
0.

06
6

0.
08

2
0.

10
9

0.
06

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
A

5
0.

00
0

0.
00

0
0.

06
6

0.
06

5
0.

06
2

0.
09

4
0.

10
4

0.
11

9
0.

08
9

0.
08

7
0.

05
8

0.
06

2
0.

06
9

0.
10

1
0.

09
6

0.
07

6
0.

09
3

0.
07

0
0.

08
4

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

A
6

0.
00

0
0.

00
0

0.
07

7
0.

12
0

0.
03

7
0.

05
9

0.
08

0
0.

07
8

0.
06

3
0.

07
0

0.
10

3
0.

07
7

0.
05

5
0.

05
1

0.
05

6
0.

07
8

0.
11

0
0.

05
0

0.
06

8
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0



Environ Monit Assess (2009) 156:181–197 193

T
ab

le
5

T
he

lim
it

ed
w

ei
gh

te
d

su
pe

rm
at

ri
x

G
1

G
2

C
1

C
2

C
3

C
4

C
5

C
6

C
7

C
8

C
9

C
10

C
11

C
12

C
13

C
14

C
15

C
16

C
17

A
1

A
2

A
3

A
4

A
5

A
6

G
1

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
0.

11
9

0.
11

9
G

2
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

0.
13

1
0.

13
1

C
1

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
C

2
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

C
3

0.
03

9
0.

03
9

0.
03

9
0.

04
0

0.
03

9
0.

04
0

0.
04

0
0.

03
9

0.
04

0
0.

04
0

0.
03

9
0.

04
0

0.
03

9
0.

03
9

0.
04

0
0.

03
9

0.
04

0
0.

03
9

0.
03

9
0.

03
9

0.
03

9
0.

03
9

0.
03

9
0.

03
9

0.
03

9
C

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

C
5

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
0.

02
8

0.
02

8
C

6
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

0.
03

2
0.

03
2

C
7

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
C

8
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

0.
01

9
0.

01
9

C
9

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
0.

02
4

0.
02

4
C

10
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

0.
03

3
0.

03
3

C
11

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
C

12
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

0.
02

5
0.

02
5

C
13

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
0.

02
2

0.
02

2
C

14
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

0.
02

7
0.

02
7

C
15

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
0.

03
1

0.
03

1
C

16
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

0.
03

4
0.

03
4

C
17

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
0.

03
5

0.
03

5
A

1
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

0.
04

8
0.

04
8

A
2

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
0.

04
5

0.
04

5
A

3
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

0.
03

8
0.

03
8

A
4

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
0.

04
2

0.
04

2
A

5
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

0.
04

0
0.

04
0

A
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6
0.

03
6

0.
03

6



194 Environ Monit Assess (2009) 156:181–197

The following section shows how the expert
group used the application solution to evaluate
and select its MSW management option.

Application of study method

In this section, an empirical study is presented to
illustrate the application of the solution for evalu-
ating and selecting a favorable MSW management
solution. This study attempts to apply the ANP
to the MSW management along with government-
favored alternatives. The study objective is to
demonstrate how ANP and DEMATEL can be
used to determine the best MSW management
solution in the Metro Manila.

The expert group followed the application so-
lution with the four-phase procedure (see Fig. 2).
First, they defined the decision purposes for se-
lecting a favorable MSW management. In phase
2, after conducting the literature review and a
discussion, three evaluation clusters were used to
select a favorable MSW management solution.
Specifically, the “Purposes” cluster involved two
purposes of MSW: MSW management using ther-
mal process technology (G1) and in an established
resource recovery facility (G2). The “Criteria”
cluster contained the seventeen criteria enumer-
ated in Recovery problem, which were denoted as
C1–C17, respectively. The “Alternatives” cluster
was comprised of six MSW management solu-
tions: (1) Each city having its own established
thermal process technology; (2) Establishing a re-
source recovery facility; (3) Metro Manila joint
venture with enterprises in the established ther-
mal process technology; (4) Metro Manila joint
venture with enterprises in established resource
recovery facilities; (5) BOT method-established
thermal process technology and (6) BOT method-
established resource recovery facilities before
landfill.

In phase 3, the feedback system model was used
(Fig. 1) and then the decision structure (Fig. 2)
was shaped for evaluating MSW management, in
which looped arcs indicate that inner dependences
are to be handled by the DEMATEL.

In phase 4, for obtaining the relative influence
between elements, the members of committee
were asked to respond through a series of pairwise
comparisons. In order to aggregate their assess-

ments, the geometric mean method was used for
the ANP, while the arithmetic mean method was
used for the DEMATEL. After the aggregation,
the direct-relation matrix (Table 1) was obtained,
hereby the inner dependence matrix (Table 2)
was acquired by using the DEMATEL, and the
unweighted supermatrix was formed as shown in
Table 3. Additionally, based on the direct-relation
matrix (Table 1), the causal diagram in terms of
the “Criteria” cluster can be acquired as shown in
Fig. 3. By mapping a dataset of (D+R, D-R), it is
clear that evaluation factors are visually divided
into the cause group, including C1, C2, C3, C4, C5,
C12, C13, C14, C15, C16 while the effect group is
composed of such factors as C1, C6, C7, C8, C9,
C10, C11, C17.

The calculations of the supermatrix can be
solved by using Microsoft Excel. The normalizat-
ion process must first be done, as shown in Table
4, before obtaining the overall weights from the
limit supermatrix (see Table 5): WG = (G1,G2) =
(0.119, 0.131),WC = (C1,C2,C3,C4,C5,C6,C7,C8,
C9,C10,C11,C12C13,C14,C15,C16,C17) = (0.038,
0.035, 0.039, 0.024, 0.028, 0.032, 0.031, 0.019,
0.024, 0.033, 0.022, 0.025, 0.022, 0.027, 0.031, 0.034,
0.035), WA = (A1,A2,A3, A4,A5,A6) = (0.048,
0.045, 0.038, 0.042, 0.040, 0.036). Therefore, the
most considered purpose was G2 (MSW manage-
ment solution using established resource recovery
facilities) due to the highest priority of 0.131; the
most important criterion was C3 (Human health)
due to the highest priority of 0.039; and the de-
sired alternative is Solution A2 (established ther-
mal process technology for each city) due to the
highest priority of 0.048.

Discussion

An MSW management solution needs to be
unique and based on capitalizing strengths and
mitigating weaknesses. It cannot be said for cer-
tain what type of MSW management solution is
the best, since the selection of a certain solution
depends on the differences of purposes, the condi-
tion of resources and capabilities, and the existing
organizational cultures. In this sense, selecting a
MSW management solution is a MCDM problem.
Although there is no standard answer to what
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MSW management solution is right, this study
can make the solution selection process more
systematic.

Many works related to MSW provided valuable
advice, including essential factors for a successful
MSW management (Su et al. 2007; Vego et al.
2007; Khan and Faisal 2008). However, few works
provided methods which can empirically evaluate
and model the MSW management involved with
several complex criteria systematically for Metro
Manila. Hence, this paper proposes an effective
solution that can resolve the problem of MSW
management selection in an analytical manner. As
a test case, the expert group used the proposed
solution in the selection process and obtained a
unique MSW management alternative. In order
to assess the selected MSW management tool and
the effectiveness of the proposed solution, this
paper conducted a post-survey discussion with the
MSW expert group. The discussion results are
summarized as follows.

First, it is a common understanding that MSW
purposes often emphasize the expectation of im-
proving performance. However, the expert group
chose thermal process technology (G1) to be the
most considered purpose rather than the es-
tablished resource recovery facility before land-
fill (G2). This is because accomplishing thermal
process technology is easier to achieve because
it involves many other complicated factors which
are not MSW related efforts. This means that
thermal process technology or resource recovery
facilities may be part of a successful MSW imple-
mentation, but still needs other parties’ efforts in
formulating successful MSW strategies and em-
ploying effective management tools and govern-
ment regulations.

Secondly, the expert group chose C3 (Human
health) to be the most important criterion from
among a set of criteria. This choice is sensible be-
cause human health is important in many kinds of
government activities, which should aim primarily
to take good care of their citizens.

Thirdly, although many works on MSW suggest
that a sound MSW management should be a hy-
brid one which should integrate thermal process
technology and resource recovery facilities, the
expert group chose an established thermal process
technology for each city (A1) as the ideal form of

MSW management rather than a resource recov-
ery facility (A2). According to the expert group, a
MSW management which can in practice “utilize
a mix of both” will be the most favorable solution
due to reasons stated in the Banning Incinerators
Act concerning problems in resources recycling,
namely toxic flying ash and hazardous technology
(Chiu 2006).

Additionally, the expert group remarked on the
merits and drawbacks of the proposed solution.
Unlike a traditional hierarchical model based on
the linear and piecemeal approach, the Modified
Feedback System model is novel since it is based
on a complex interrelationship and interwining
among criteria. Moreover, it is favorable to use
the DEMATEL to handle the problem of inner
dependences, since it can provide more valuable
information for decision-making. For example,
from the causal diagram it can be directly and
visibly seen that the most important criterion is C3
(human health) and the least important criterion
is social acceptability (C8).

Some implications can be derived from this
study, one of which is that a more analytical and
methodical MCDM method is required in order
to make solid decisions regarding MSW manage-
ment and policies

Conclusions

As knowledge takes on an important strategic
role, governments expect that their MSW man-
agement be performed effectively in order to
enhance its environmental, economical, and so-
cial management into national competitive advan-
tages. Successful MSW management starts with a
proper MSW management solution that is chosen
through a robust evaluation method. This selec-
tion process can be classified as an MCDM prob-
lem, which requires the consideration of a large
number of complex factors as multiple evaluation
criteria.

Since it is an MCDM problem, it is better to
employ MCDM methods for reaching an effective
solution. The ANP is a relatively new MCDM
method which can deal with many interactions
systematically, unlike traditional MCDM methods
which are based on the independence assumption.
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Moreover, the DEMATEL can be used not only
as a way to handle the inner dependences within
a set of criteria, but also as a way of producing
more valuable information for decision-making.
Hence, this paper proposes a solution based on a
combined ANP and the DEMATEL in MCDM
are introduced in previous section, future insight
of integration about MCDM methods to provide a
robust procedure can be described. This approach
helps the decision-making team to have a proper
solution in MSW management.

The results of this study show that the most
desired solution was the establishing of ther-
mal process technology for each city (A1) and
a resource recovery facility (A2). Because the
proposed solution can handle the effects of de-
pendences, it is relatively useful and makes the
evaluation results reasonable. Additionally, this
study has contributed to extending practical ap-
plications of both ANP and the DEMATEL in
the MSW field. Furthermore, it was found that
the suggested analytical procedure, can effectively
handle problem of selection with multi-faceted
factors. However, there are some limitations, such
as the non-unification of the assessment scales of
the ANP and the DEMATEL. Therefore, in order
to promote and deepen continuing research in
future, it is worthwhile to investigate more cases
and exemplary thermal process technologies or
resource recovery facilities in order to uncover
invaluable new issues to be studied further. Addi-
tionally, the assessment criteria can be improved
as different status suffered.
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