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ABSTRACT

Sanitary landfill is the most common approach dfdsavaste management used in many countries.
However, the present landfill sites in most deviggpountries are already nearing their capacity u
the increasing population and tremendous urbaoizagrowth that lead to the high generated of
municipal solid waste (MSW). Landfill siting is afficult and complex process requiring evaluatidn o
many different criteria. A multicriteria decisionaking technique, Analytical Hierarchy Process (AHP)
which utilizes a multi-level hierarchy structurensgst of objective, criteria, subcriteria, and aitgives is
applied in this study. This paper presents the Ildpmeent of the AHP model in selection of an
appropriate landfill site in Kuantan, Pahang. Timgut from the experts has been used to determae th
evaluation criteria. Eleven criteria has been seteand classified into four main categories, wtach
hydrological/hydrogeological factor, morphologigcsl criteria and economic impact. Three potential
landfill sites had been identified as alternatiwglich are Sungai Karang, Tanjung Lumpur and Bésera
As the result, Beserah had been ranked as theafteshatives with highest composite prioritiesues
(0.383), followed by Tanjung Lumpur (0.360) and airkarang (0.266).

Keywords: Municipal Solid Waste, Landfill Siting,nalytical Hierarchy Process (AHP)

1. Introduction

Solid waste management is one of the three majara@mmental problems faced by municipalities in
Malaysia (World Bank, 1993). In Malaysia, solid wegenerated consists of a heterogeneous mixture of
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materials including paper, glass, metal, organitene, plastic in varying quantities. It is inesfitle by —
product of human activities. It is estimated thatrently 17,000 tonnes of solid waste is generdtaty

in Peninsular Malaysia, and this estimation wiltrease to more than 30,000 tonnes per day by 2020
consequent upon the increasing population andgptacwaste generation (MHLG, 2005)

In Malaysia, solid waste management (SWM) is urttier control of Ministry of Housing and Local
Government which then disseminate the authoriglitbocal Authority to manage the SWM within their
respective areas. Recently, the Solid Waste Manage#ct, 2007 has been establish to provide proper
guidelines and regulations on SWM including disp@sawell as clearly stated relevant bodies that ar
authorized by the Federal Government to imposelatigns on SWM throughout Malaysia. It also
contains the future plan of SWM in Malaysia palaitethe projected waste generation. The integrated
and holistic approach of waste management is stggbdsy the National Strategic Plan, which was
endorsed by the Cabinet in 2005. The plan visudlitee formation of a department and also the
establishment of an Act on Solid Waste ManagemEnis Act is tabled and approved in the form of
Solid Waste and Public Cleansing Management BilMiawrch 2007. As a matter of fact, under the 9th
Malaysian Plan, solid waste management is oneeoptlority areas, as indicated by the intentiorhef
authorities to set up a Solid Waste Department (K@HR005).

Basically the main objective of the study is tastured solid waste management problems into luleyar
to assist in decision making process in order lecs¢he best and appropriate technology for soldte
management. Therefore Analytical Hierarchy Prod@$$P) approach which was developed by Saaty
(1980) was used in this study. Generally in the AldPproblem is structured into a hierarchy. This
normally consists four levels of hierarchy struetsuch as goal level, criteria level, subcritegieel and
alternative levels into the model.

2. Materials and methods

Kuantan, the state capital of Pahang was selectdtieastudy area. It is situated near the moutthef
Kuantan River and faces the South China Sea, akecaaen in Figure 1.
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Figure 1. Location of study area
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Recently, the National Physical Plan 2005 iderdifi@iantan as one of the future growth centers and a
hub for trade, commerce, transportation and tourlsoantan is also considered as the social, ecanomi
and commercial hub for the East Coast of PeninsMalaysia due to its strategic location. Rapid
development has transformed and modernized KuarRegsently, the amount of solid waste was
produced in Kuantan is about 500 tons daily, cdingjsof 60% domestic waste and 40% of industria an
construction waste. However, the present sanitamgfill is nearly filled up (Ismail, 2006Rahang will
need several new landfills because at least thites @andfill at Temerloh, Kuantan, and Kampung
Cheroh, Raub) are already nearing their capacioh(12010).

2.1 M ethodology

The overview of the method used in this study ppesented by Figure 2. This study involved two stag
of data collection. The first stage data collectiaas conducted to determine the criteria, sub+taitend
alternatives for the study problem, then an AHRar@hy model will be constructed as the output. The
hierarchy model consists of objectives goal, datesub-criteria, and alternatives. Then the qoastiire
based on the AHP hierarchy model was preparedeiooral stage data collection. The purpose of the
second stage data collection is to gain relateorimfition for solid waste landfill site selectiomking
analysis. The knowledge and information for strrioty the hierarchy diagram and ranking the solid
waste landfill site selection are obtained from wynasources such as literature, distribution of
guestionnaies, interview with experts, sites otetna and secondary information on waste and ldndfi
site management in Malaysia and Kuantan area. dosghthe evaluation criteria and alternativesHer t
hierarchy diagram, interview is done with expertging site visits to various related solid waste
management centers, as listed in Table 1. The &sxpex chosen based on their knowledge experiences,
good communication skills, and must be an individw@io actively practicing and applying their
expertise, and well recognized with their expertidata collection from the site survey was analyzed
using Statistical Package for Social Science (SR88)AHP procedure.

Questionnaire Data Collection: Result:

sub-criteria selection

- Secondary data

Literature Preparation: - Expertinterview || -Criteria, sub-criteria & _AHP
Review -For criteria & - Site observation alternatives H'ere(‘jr Clhy
Mode

First Stage Data Collection

Second Stage Data Collection

L N

A 4
Result: Data Analysis: Questionnaire
-Ranking of Solid - AHP procedure Preparation:
Waste Landfill Site -Bsure Solution -For ranking the
Selection software alternatives
A [ 1
CR<0.1 CR>0.1

Figure 2. Overview of the method used in the study

Table 1: Sources of Human Expertise

Kuantan Municipal Council (MP}

Solid Waste Management and Public Clear
Local District Plan (RTC
University Malaysia of Paha
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2.2 The Analytical Hierarchy Process (AHP)

Analytical hierarchy process (AHP) is a diwmismaking technique which can be used talyze
and support decisions which have multiple awen competing objectives. To do this, a mem
problem is divided into a number of simpleolgems in the form of a decision hierarchy (Er&od
Moran, 1991).

Once the hierarchy has been established, iawipa comparison matrix (PCM) of all criteria is
constructed. Then, the weight/j for each level are determined by solving thedfelhg system of
linear simultaneous shown by equation (1) (Mohd ifetral., 2010):

W =1/, > a;w;,i =12,....n (1)

wherelis the largest eigenvalue. For uniqueness, thefseeight is normalized using equation (2):
ZW. =1 (2)

To determine the consistency of decision and repesisible need of revisions to judgments, the
consistency ratiod.R) will be calculated using equation (3):

Amax =N

C.R=C.I/RI

whereC.l is the consistency inder,is the element being compared, &itis the random consistency
value according to the size of matrix. The valueCdR should be around 10% (0.1) or less to be
acceptable. In some cases 20% (0.2) may be tadebatenever more. If th€.R is not within this range,
the participants should study the problem and eetVisir judgment.

3. Result and discussion

3.1 Criteriaand sub-criteria selection

From literature review, four categories had beemtified as the influenced factors that may aftbet
selection of landfill site. They are hydrologicginogeological factor, morphologic, social critedad
economic impact. Eleven sub-criteria were seleatethe sub-criteria to support the main criterzanaly
distance from water sources, flooding over 100 giegroundwater depth, elevation, slope, residential
area, sensitive ecosystem, historical and tourienire, proximity of waste production centre, larsg u
and price of land. The evaluation criteria havenbebBose according to the data analysis of the mean
statistic result from SPSS analysis and the peagest of respondent strongly agree with the criteisa
shown in Table 2.

3.2 Alternatives

Three potential solid waste landfill sites had biglemtified by Kuantan Municipal Council (MPK) witic
are located at Sungai Karang, Baserah and Tarjungpur. The first site is located in BP3 (Blok
Perancangan 3) Sungai Karang, Kuantan. This ptaceadr Sungai Ular with an area of 5.5 hectare. By
calculation, this site can accommodate 32 tonngagte generation per day. The nearest residendal a
located within 1.5 km radius from the projedte sare Kampung Padang Lalang and Kampung Ba
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Cherating which also known as tourism place. Besitlee distance of site area from the water sousces
4 km.

The second site is located at BP2 Baserah whidhdsJabor-Jerangau Landfill area. This area is
adjacent with the existing Kuantan Landfill. Themave more 15 hectare to be expanded amrdass
landfilling area. Approximately almost 87 tonnaste per day is estimated can be placed on this 15
hectare of land. The nearest residential sateathe project site are Taman Desa Aspaping
Balok and Kampung Balok Baru which are all locatethin a 3 km radius of the project site. There are
three institutional buildings located within a 1 kadius of the project site that includes fiee
station (Gebeng Fire and Rescue Station),iagstation and a SIRIM building.

“Blok Perancangah Penor, which is the area near Tanjung Lwmis the third locatiorwith 10
hectare of land where it can accommodate &gthe capacity of waste per day. Within 5 kniuad

of the site area, there are located Kampung Akialand Perumahan Seri Indera Putra with a sea
located almost 8 km of the site.

Table 2: Data analysis result for criteria selattio

Criteria/Subcriteria Mean Statistic Percentages

(%)

Hydr ological/Hydrogeological Factor

Distance from water sourc 4.k 84.2

Flooding over 100 yes 4.t 65.€

Groundwater Dep 4.t 59.¢

M or phologic

Elevatior 3.t 43.¢

Slope 3.t 37.t

Social Criteria

Residential #rec 4.t 84.¢

Sensitive Ecosyste 4.t 78.1

Historical and Tourism Cent 4.z 53.1

Economical I mpact

Proximity of Waste Production Cen 4.t 62.t

Land Usi 4.z 53.1

Price of Lan 4.C 50.C

3.3 AHP Hierarchy M odel

According to Figure 3, the hierarchical structufehe decision problem consists of three levels Tifst
level represents the ultimate goal of the decisi@narchy (land suitability for landfill siting)he second
level represents the criteria and subcriteria a¢di in this work and the third level represents the
alternatives (potential landfill site) (Kontos &t 2005).
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Goal: Selecting a Solid Waste Landfill Site
HYDROLOGICAL/ MORPHOLOGIC SOCIAL ECONOMICAL
o HYDROGEOLOGICAL CRITERIA IMPACT
Criteria: FACTOR
o 1. Distance from Water 1. Elevation 1. Residential Area 1. Proximity of Waste
Subcriteria: Sources 2. Slope 2. Sensitive Production Centre
2. Flooding over 100 Years Ecosystem 2. Land use
3. Groundwater Depth 3. Historical and 3. Price of Land
Tourism Centre
| | [ |
v v v
Alternative: Sg. Karan Beserah Tg Lumpur

Figure 3. Hierarchy Structure Model of the Sitin@W Landfill

3.4 Analysis of landfill suitability in the study area

Comparison matrices were developed for the foueriai and eleven sub-criteria. Then, total weigifts
sub-criteria were calculated by a sequence of pligétion. The calculated total weight is represerin
Table 3. According to Table 3, the sub-criterigh# residential area has the highest value of 0.228&

the sub-criteria of slope has the lowest value.018. These results show that “residential aredhés
most important criteria with the fact that the puoital site in Beserah, Tanjung Lumpur and Sungai
Karang is located near the residential areas. famli® of 500 m and above are considered as suitable
while 200 m and below were considered unsuitablence the land suitability for landfill inases

with the increase in distance from the redidéareas. This is to avoid residents from dust adour
emissions in order to protect public from nuisaand health impact due to potential hazard fromfidnd
(Changet. al., 2008).

Table 3: Total weight of the subcriteria

Sub criteria Total of Weight
Distance from Water Sourc 0.217
Flooding over 100 yes 0.067
Groundwater Dep 0.17¢
Elevation 0.03t
Slope 0.01¢
Residential Are 0.22t
Sensitive Ecosyste 0.11:Z
Historical and Tourism Ceni 0.05¢
Proximity of Waste Produion Centri 0.01¢
Land Usi 0.03(
Price of Lan 0.04:

The overall result from Table 4 shows that areaeBas is ranked first for solid waste landfill site
selection with weight of 0.383. Followed by Tanjungmpur with weight of 0.360 and the last rankiag i
Sungai Karang with weight 0.277.

Table 4: The ranking of Solid Waste Landfill Sitel&tion for Kuantan, Pahang
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Potential landfill sitearea Weight Ranking
Besera 0.38: 1
Tanjung Lumpt 0.36( 2
Sungai Karan 0.27i 3

To verify the results from AHP procedure, a decisiaking software named Bsure Solution had been
used for further analysis. Table 5 shows the tetaight of sub-criteria results from Bsure Solution
software analysis. From the result, the highesghtevalue is subcriteria residential area with eatf
0.2258 while the ranking results in Table 6 sholat Beserah is the first ranking area for solidtevas
landfill site selection. The analysis using AHP qgadure and Bsure Solution software gives sametresul
with the difference is in the range of 0.30% t®4%. The consistency ratios (C.R) for all the eteseb-
criteria of the three alternatives are less thdna8.illustrated in Figure 4. Hence, the consisteriche
decision is proved and no revision of the judgnmemieeded.

Table 5: Result of total weight of subcriteria fr@sure software

Sub criteria Total of Weight
Residential Are 0.225¢
Distance from Water Sourc 0.218¢
Groundwater Dep 0.177:
Sensitive Ecosyste 0.110:
Flooding over 100 yea 0.067:
Historical and Tourism Cent 0.057¢
Price of Lan 0.042¢
Elevatior 0.034¢
Land Ust 0.029:
Proximity of Waste Production Cen 0.018¢
Slope 0.018(

Table 6: Comparison between AHP procedure and B3oigion software analysis

. I Weight
Potmtlalarlggdflll ste AHP Procedure Bsure Solution ;fe{;eg;sie(s%f)
software
Besera 0.38: 0.37¢ 2.1z
Tanjung Lumpu 0.36( 0.35¢ 0.3C
Sungai Karan 0.271 0.26¢ 4,24

4. Conclusion

The amount of solid waste generated in Kuantanamalis expected to increase significantly due & th
rapid increase in population, urbanization and owpments in the standard of living. However, the
present sanitary landfill in Pahang is nearly dillgp. Hence, this study was conducted to helmidirfig a
new suitable location of landfill site in Pahangainty in Kuantan. In the present study, a methogiplo
for assessing location suitability for municipalidavaste landfill was developed using AHP methieat
this aim, eleven subcriteria which are distancenfuater sources, flooding over 100 years, grouneiwat
depth, elevation, slope, residential area, sewes#isosystem, historical and tourism centre, prayirof
waste production centre, land use and price of lamde determined and classified into four main
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categories, i.e. hydrological/hydrogeological factmorphologic, social criteria and economic impact
according to how they are considered to affectahdfill site suitability. Subcriteria residentiatea was
identified as the most important subcriteria whke highest weight value obtained (0.225). As tiselts,
Beserah is determined as the most suitable locaf@rthe new landfill site in Kuantan. Tanjung Ljum

is in the second rank, followed by Sungai Karanth@third rank. It is expected that the findingnfr this
study will be used by municipal council as decissupport system and guideline in selecting a skitab
new landfill site in Kuantan.

SUNCAI KARANG BESERAH TANJUNG LUNPUR

Figure 4: Consistency ratio (C.R) for sub-criteria
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