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ABSTRACT 

Rapid urbanization, population growth, and industrialization are contributing 

to the large-scale increase of total waste generation in Malaysia and changing the 

characteristics and composition of the municipal solid waste (MSW). The present 

practice of municipal solid waste management (MSWM) in Malaysia is depends very 

much on landfill disposal. To date, Malaysia is at the transition and planning stage 

towards sustainable MSWM with more efficient approaches. The main aim of this 

thesis is to develop a sustainable MSMW system based on a structural and 

comprehensive framework through optimisation modeling and indicator approaches. 

A case study of Iskandar Malaysia (IM) was employed in this research. In order to 

achieve the goal, three objectives were identified: the first objective is to evaluate 

and benchmark the performance of the MSWM system through a new developed 

indicator system known as Sustainable Waste Management Performance Indicator 

(SWMPI). The second objective is to assess the energy and carbon reduction 

potential of waste-to-energy (WTE) strategies for MSW in IM. The results in the 

second objective were used as the input data for the third objective. The third 

objective is to establish a sustainable and cost effective solution for the processing 

network of MSWM, through the model of Optimal Waste Processing Network 

(OWPN). At the end of the study, improvement of MSMW system through the third 

objective had been evaluated by the model of SWMPI from first objective. The 

analysis has proven that the optimal results from the OWPN model of MSWM 

system has successfully improved the waste management in terms of waste basic 

data, economic, waste management, and environmental criteria in SWMPI, where 

significant improvement was found in waste management and environment criteria 

of the indicator system. Both SWMPI and OWPN had been proven as powerful tools 

that assist the benchmarking of MSWM system in IM against other cities. 
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ABSTRAK 

Proses pembandaran yang pesat, pertumbuhan penduduk, dan perindustrian 

telah menyumbang kepada peningkatan jumlah penjanaan sisa pepejal pada skala 

yang besar di Malaysia dan turut mengubah ciri-ciri dan komposisi sisa pepejal 

perbandaran yang dihasilkan. Pada masa kini, pengurusan sisa pepejal (MSWM), di 

Malaysia amat bergantung kepada tapak pelupusan sampah. Setakat ini, Malaysia 

berada pada peringkat peralihan dan perancangan ke arah MSWM yang mampan 

dengan pendekatan yang lebih berkesan. Tujuan utama tesis ini adalah untuk 

membangunkan satu sistem MSMW yang mampan dengan rangka kerja yang 

sistematik dan komprehensif melalui model pengoptimuman dan pendekatan 

indikator. Dalam penyelidikan ini, kajian kes Iskandar Malaysia (IM) telah 

digunakan. Untuk mencapai tujuan utama tesis ini, tiga objektif telah dikenal pasti: 

Objektif pertama adalah untuk menilai aras prestasi sistem MSWM melalui sistem 

petunjuk baru yang dikenali sebagai Petunjuk Prestasi Pengurusan Sisa Pepejal 

Mampan (SWMPI). Objektif kedua adalah menilai potensi tenaga dan pengurangan 

karbon daripada sisa pepejal melalui strategi Sisa ke Tenaga (WTE) dalam IM. 

Keputusan daripada objektif kedua telah digunakan sebagai input untuk objektif 

ketiga. Objektif ketiga adalah untuk memberikan satu penyelesaian jangka panjang 

dan kos efektif untuk rangkaian pemprosesan MSWM, melalui model Rangkaian 

Pemprosesan Sisa Optimum (OWPN). Pada akhir kajian ini, peningkatan MSMW 

melalui objektif ketiga akan dinilai melalui model SWMPI daripada objektif 

pertama. Analisis ini membuktikan bahawa hasil yang optimum daripada model 

OWPN sistem MSWM telah berjaya memperbaiki pengurusan sisa dari segi data 

asas, ekonomi, pengurusan sisa dan kriteria alam sekitar di SWMPI, di mana 

peningkatan yang mendadak telah dilihat dalam pengurusan dan persekitaran  sistem 

petunjuk. Kedua-dua model SWMPI dan OWPN telah dibuktikan sebagai alat yang 

berkuasa memberikan penanda aras untuk sistem MSWM di IM berbanding dengan 

bandar yang lain. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

Municipal solid waste (MSW) commonly known as refuse or rubbish, 

discarded from residential, commercial, and institutional areas, is a striking by-

product of civilization. MSW management (MSWM) is always recognised as a 

complex system, which involves many technologies associated with controlling 

waste generation, handling and storage, transportation, processing and final disposal. 

This chapter introduces the research backgrounds that include the outlook of 

Malaysia’s waste generation and management, and Malaysia’s focal development for 

sustainability, followed by the problem statement and research questions drawn from 

the study. Next, the research objectives and the scopes of this study focus on the 

development of a novel structural framework for integrated MSWM system. Finally, 

this chapter highlights the contributions of this thesis towards the integrated and 

sustainable waste management for Iskandar Malaysia region and other cities as a 

whole. 
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1.2 Research Background 

1.2.1 Current Situation and Problem of MSWM in Malaysia 

Malaysia’s Solid Waste and Public Cleansing Management Act of 2007 (Act 

672) define municipal solid waste (MSW) as controlled solid wastes that include 

commercial, household, institutional and public solid wastes. Waste management is 

one of the critical environment issues in Malaysia. MSW in Malaysia is typically 

disposed off in a bin or container within the house premises and collected by regional 

private concessionaires. The waste is first sent to the transfer stations for compaction, 

with a minimal sorting, before being sent to the waste disposal sites. In year 2009, 

approximately 93.5% of MSW in Malaysia is in landfills or open dumpsites without 

gas recovery; meanwhile only 5.5% of MSW is recycled and 1.0% is composted 

(Agamuthu et al., 2009). In year 2012, the government starts to enforce the 

regulation of waste recycling by increasing the household recyclable waste collection 

rate through the program 3+1 waste collection (3 days in a week for mixed MSW 

collection and one day for recyclable waste collection); however, the program is 

considered as unsuccessful with the recycling rate remained low. The practice of 

waste segregation is random and unofficial in Malaysia, while waste recycling is 

mainly performed by garbage scavengers at the landfill sites. Landfilling is the 

cheapest technique to handle the waste in large quantities. On the other hand, there is 

public opposition and a shortage of available land for disposal purposes. Over 

dependence on landfilling and inappropriate waste disposal has continuously 

pressing the government’s financial, as well as the nation‘s environmental, health 

and safety issues. It also amplifies the share of total global anthropogenic greenhouse 

gas (GHG) emission, which is caused by the production of methane gas (CH4) 

through the anaerobic decomposition of solid waste in landfills. GHG emission in the 

waste sector increased 54% from 1990 to 2008. Meanwhile, comparing the sub-

sectors within the waste sector, the primary release of GHG comes from waste 

landfill sites, which contributed up to 90% of the total emission from the waste sector 

in Malaysia (Malaysia Second National Communication to the UNFCCC, 2007). 
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The substantial growth of the waste generation and the complexity of the 

waste composition make the waste management system more challenging. In 

addition, inadequate storage, collection and disposal practices with lack of legislation 

and policies for long-term waste management planning had increased the worries of 

municipal authorities (Daiz, 2011).The situation is more severe in the developing 

countries such as Malaysia. The government of Malaysia had spent millions of 

Ringgit on waste management. About RM 662 M was spent in year 2005 on solid 

waste management (SWM) and it is estimated to rise to RM 1.043 B by year 2020 

(Ministry of Housing and Local Government (MHLG), 2006). The increase of 

management cost is due to the investment cost of technologies and programs for the 

SWM mainly through sanitary landfill and partly through incineration. 

Approximately half of the Malaysia capital investment of MSWM has been spent on 

the waste treatment and disposal technologies. Such expenditure transpires the need 

to find alternative solutions to achieve efficient and sustainable MSWM at minimal 

cost.  

1.2.2 System Approach to Waste Management 

System analyses such as engineering models, analysis platforms, and 

assessment tools are predominantly used as decision-support tools for planning 

process, as well as monitoring and optimizing existing waste management system 

since the 1960s (Chang et al., 2011). Most of the models presented in the literature 

aim to guide the decision maker towards the choice of the best strategy in MSWM, 

with a simple goal of one objective (e.g. optimal waste collection routes for 

transportation, maximize energy production from waste recovery, minimal waste-to-

landfill capacity) or complex goal (e.g. evaluating the alternative waste management 

strategies with maximum cost and maximum energy recovery). Apart from that, most 

of the models for waste management and the corresponding tools have so many 

variables and constraints as well as requiring large quantity of data and complex 

equation, solving them through general – purpose solvers can be very hard and time-

consuming. 
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1.3 Problem Statement 

The MSMW in Malaysia to date are not well managed towards sustainable 

development. There is a definite need to have a systematic and comprehensive MSWM 

framework and models to address the MSWM issues, modeling the full potential of 

waste as a resource, and integrating different types of waste processes in a MSWM 

system towards sustainable and integrated management. Following are the problems 

identified for the current MSMW framework: 

 

(1) There is a great diversity in the nature and standards of a waste 

management system within and between countries and different urban areas. Various 

MSWM system claims to be a sustainable development framework, but there are 

different standards of defining a sustainable and integrated waste management 

system. Computerized model of MSWM system could be more challenging with 

diverse elements and standards. Apart from that, the current waste management 

indicators are not covering economic aspect. A comprehensive indicator system for 

sustainable waste management is essential to provide a guideline for decision-makers 

to benchmark the system with the best practice and keep track on the performances. 

 

(2) Current MSWM strategies are highly dependent on landfill while the 

waste recycling program in Malaysia faced a failure due to the behaviour issues of 

the community. Therefore, another alternative for waste management, the waste-to-

energy (WTE) rose as a promising strategy as MSW is a potential energy source. 

Nevertheless, the possibility of WTE in Malaysia had not been examined thoroughly. 

Understanding the full potential of WTE in Malaysia is essential for the planning of 

MSWM system. 

 

(3) The current MSWM in Malaysia can be improved through system 

analyses in optimisation. Although there are various models designed to address the 

MSW issues, the literature indicates the lack of proposal for sustainable waste 

management in Malaysia that integrated technology selection for solid waste 

treatment and WTE treatment, mitigation of GHG emission and optimisation of 

economic impact for a long term planning.  
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The problem statement for this research is stated as follows: 

 

Given a case study of the current MSWM system, it is desirable to determine 

the level of sustainable waste management, forecast the WTE potential energy, and 

finally analyse the optimal waste processing network towards integrated waste 

management system by using three comprehensive methodologies.   

1.4 Research Questions 

Several key research questions are raised from the problem statement: 

 

Q1.  How sustainable is the current MSWM system in Malaysia as compared 

to other countries? 

Q2.  What is the potential of energy production and carbon reduction with 

various WTE strategies for MSW? 

Q3.  What are the best available technologies for MSW in Malaysia to be 

utilised in order to achieve optimal profit and energy production from 

waste with minimal GHG emission? 

1.5 Research Objectives 

In order to address the research questions, the main aim of this research is to 

develop a sustainable MSMW system with a systematic and comprehensive 

framework based on structural optimization modelling approach and indicator 

system. 

 

In order to achieve the ultimate goal, three specific objectives bounded on the 

relevant research questions are listed as follow: 
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1) Development of an indicator system for MSWM to evaluate the degree of 

sustainability of MSWM system and to understand Malaysian’ MSWM 

performance (Q1) 

2) Development of a modeling system to forecast and assess the energy and 

carbon reduction potential for WTE strategies of MSWM in Malaysia 

(Q2) 

3) Development of a holistic optimisation model of MSWM system with 

optimal resource allocation, profit targeting, capacity planning, and 

environmental evaluation to fulfil the co-benefits of long term planning 

(Q3)  

1.6 Scope of Work 

In order to achieve the intended research objectives, several scopes of the 

study have been identified as follow: 

 

1) Literature review and analyses on the current scenario and state-of-art on: 

i. The current scenario of MSWM in Malaysia. 

ii. The state-of-the-art research on MSWM in the aspect of indicators 

development, process network and process optimisation. 

 

2) Developing a waste management indicator system, namely Solid Waste 

Management Performance Indicator (SWMPI). The specific scopes 

include: 

i. Investigating the potential factors and indicators for MSWM based on 

the availability of data resources as well as key parameters in the 

development of sustainable MSWM. 

ii. Developing a calculation model to determine the weighting factors of 

the waste management indicators after the essential data has been 

collected. 

iii. Ranking and evaluating the status of Malaysia waste management 

from the indicator system. 
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3) Developing a forecasting model, namely Waste-to-energy Assessment 

(WTEA) Model. The specific scopes include: 

i. Assessing the potential of WTE for RE production and carbon 

reduction in Malaysia by considering the chemical compositions and 

biogenic carbon fractions of the waste. 

ii. Performing sensitivity analysis on case studies to analyse and 

evaluates the economic and technical performances of the designed 

MSWM system. 

 

4) Developing an optimisation model, namely the Optimal Waste 

Processing Network (OWPN). The specific scopes include: 

i. Developing an optimisation model to aim for the maximum profit and 

resource utilisation planning of MSWM system. It also takes into 

account for waste treatment technologies, forecasts the production of 

by-product from the waste treatment process, estimates the facility 

capacity, and forecast the GHG emission of the system. 

ii. Performing sensitivity analysis on case studies to analyse and evaluate 

the economic and technical performances of the designed MSWM 

system.  

1.7 Research Contributions 

The main contribution of this research is produce a structural and 

comprehensive framework based on optimization modelling approach and indicator 

as tools to evaluate the economic and environmental impacts for the development of 

a sustainable waste management system. The specific research contributions are 

described as follows: 

 

i. A new indicator system known as Sustainable Waste Management 

Performance Indicator (SWMPI) for evaluating the status of MSWM 

system (Contribution 1). 
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ii. A new simulation model known as WTE Assessment (WTEA) model for 

the prediction and assessment of potential energy production and GHG 

emission reduction for WTE system (Contribution 2) 

iii. A new optimisation model known as Optimal Waste Processing Network 

(OWPN) model is capable to determine the optimal design and 

operational of waste management processing network. The short 

computational running time of MILP model enable a quick analysis thus 

making the constructive economic and technical evaluation become 

possible. Since the models are time dependent, the models would be able 

to generate periodical results that are essential to study the pattern of 

waste utilisation and thus, it would be beneficial especially for the policy 

makers. (Contribution 3) 

iv. Contribution towards achieving Malaysia’s goals and targets in MSMW. 

Case studies implemented in this research works are based on data 

collected within the region of Malaysia. The results therefore reflect the 

evaluation of MSWM system in Malaysia. These results will be analysed 

and evaluated as a mean to promote the implementation of integrated and 

sustainable MSWM system (Contribution 4).  

 

 Publications spawned as parts of this research work are listed in Appendix 1 

with associated key contributions of this thesis. 

1.8 Thesis Outline 

Overall, this thesis comprises of seven chapters, a graphical presentation of 

the entire studies performed in this thesis work is presented in Figure 1.2, showing 

the inter-relationship between research objectives. The solid line arrows shows the 

flow of the thesis presentation and the dotted arrows show the linkage of the outcome 

of each individual study to the input of the different studies. 
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Figure 1.1: The conceptual link among the chapters and thesis work
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