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As in every developing nation, increasing revenues in urban areas attract masses of
population to move to these areas which indirectly increase the rate of solid waste
generated. Malaysia being one the developing countries in South East Asia also faces the
same problem due to the lack of comprehensive data and public awareness towards this
issue. Hence a novel expert system using combination of Linear Model as the engine and
the IF-THEN rule concepts was created to predict rate of solid waste generated so that
users could be given advices and appropriate steps to be taken regarding integrated solid
waste management. The system, named OpSWaste was designed based on information
from journals and /or interview sessions conducted with known experts within the field.
Users of this system only have to separate their solid waste materials into different
categories according to the system requirement. From the processed data, users could
obtain amount of solid waste produced in each categories and appropriate actions could
be taken to optimize the waste materials. Samples of solid waste were collected from
Balakong, Selangor and they were used to test and validate the operation and function of
this system. From the sampling done, it was found that the actual waste composition
generated for a month in residential, shopping and industrial area in Balakong was
approximately 5,344.00 kg, 9067.90 kg,864.95 kg, respectively. Based on this data,
OpSWaste system processed and produced an output forecasting that within 12 months
the amount of solid waste generated at residential, shopping and industrial areas would
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be 8,555.92 kg, 14,516.56 kg and 1,384.81 kg respectively. Moreover, this system could
be applied by a particular user in determining preliminary module for recycling process
and could controlled and optimized the amount of generated waste composition that were
usually sent to the landfills or other waste treatment facilities. OpSWaste system also
integrates Life Cycle Assessment (LCA) which involves evaluation process of inputs and
outputs of material, energy and waste flows associated with a recycling product over its
entire life cycle. Overall, the output of OpSWaste could predict waste generation growth,
revenue from recycling and give out recycling process options in real time basis.
OpSWaste system could be applied together with other systems such as URUS SISA,
being similar but only focused on the selection of treatment technology based on
Analytical Hierarchy Process (AHP) that could be divided into three hierarchy level,
objective, criteria and alternatives. In conclusion, the integration of OpSWaste could help
to make prompt decision based solely on accurate amount of solid waste composition
taken from collectors’ to enable better decision making among policies makers,
stakeholders and relevant agencies in solving the problem of solid waste management in
Malaysia.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
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SISTEM PINTAR UNTUK PENGOPTIMUMAN MASA NYATA PENGURUSAN
SISA PEPEJAL DI MALAYSIA

Oleh

MOHD ARMI BIN ABU SAMAH

February 2014
Pengerusi - Profesor Madya Latifah Abd Manaf, PhD
Fakulti 3 Pengajian Alam Sekitar

Secara asasnya dalam setiap negara yang sedang membangun dengan peningkatan
sumber ekonomi yang baik, akan menyebabkan berlakunya lambakan penduduk
dikawasan Bandar dan secara tidak langsung akan menjadi punca kepada kenaikan
penghasilan sisa pepejal dikawasan tersebut. Malaysia merupakan salah sebuah negara
yang terkenal di Asia Tenggara dan sudah tentunya akan mengalami masalah ini
berikutan ketiadaan data yang komprehensif dan kurangnya kefahaman berkenaan
masalah tersebut oleh masyarakat. Oleh itu satu kajian berkenaan sistem pakar yang
menggunakan Model Linear sebagai enjin dan teknik perwakilan menggunakan konsep”
JIKA” dan “TINDAKAN” telah direka khas bagi membuat ramalan keatas kadar
penghasilan sisa pepejal dan membantu pengguna mendapatkan nasihat dengan
menggunakan konsep berasaskan pengetahuan berkenaan pengurusan sisa pepejal secara
bersepadu. Sistem yang dikenali sebagai OpSWaste telah direka bentuk berdasarkan
maklumat yang diperolehi daripada pelbagai sumber seperti jurnal, buku dan sesi
temuduga yang dijalankan bersama pakar pakar pengurusan sisa pepejal dan yang
berkaitan dengan bidang ini. Sementara itu pengguna hanya perlu menggunakan konsep
mengasingkan sisa pepejal tersebut mengikut kategori yang disediakan oleh sistem bagi
mengetahui jumlah sisa dan dapat mengoptimumkan penghasilan sisa pepejal tersebut.
Sampel jumlah sisa pepejal telah diambil dari kawasan kajian di Balakong Selangor
untuk membuat pengesahan terhadap fungsi dan operasi sistem OpSWaste, sebagai
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contoh jumlah sebenar komposisi sisa yang dijana selama sebulan dengan menggunakan
sistem OpSWaste di kawasan kediaman, pasar raya dan kawasan perindustrian adalah
masing masing bernilai kira kira 5,344 kg, 9067,90 kg, 864,95 kg. Setelah itu, sistem
OpSWaste meramalkan kadar penghasilan komposisi sisa pepejal untuk jangka masa
selama 12 bulan dikawasan perumahan sebanyak 8,555.92 kg dan kawasan pasar raya
sebanyak 14,516.56 kg juga diikuti oleh kawasan industri sebanyak 1,384.81 kg
dikawasan yang sama. Secara asasnya, data sisa pepejal yang diperoleh sistem OpSWaste
boleh membantu dalam menentukan modul rekabentuk awal dalam proses kitar semula
dan dapat mengawal kuantiti sisa pepejal secara optimum daripada terus dihantar dan
dilupuskan di tapak sisa pepejal atau di tapak kemudahan rawatan teknologi sisa pepejal
yang lain. Sistem OpSWaste juga mengintegrasikan kaedah Penilaian Kitaran Hayat
(PKH) yang melibatkan proses penilaian daripada input, output bahan, tenaga dan aliran
sisa terhadap produk kitarsemula yang dihasilkan secara terus. Secara keseluruhannya,
fungsi OpSWaste dapat menentukan ramalan penghasilan komposisi sisa pepejal, nilai
pendapatan kitar semula dan mencadangkan pemilihan rekabentuk proses kitar semula
serta Penilaian Kitaran Hayat (PKH) secara masa yang sebenar. Manakala sistem pintar
yang lain di Malaysia seperti sistem Urus Sisa memfokus kepada kaedah pemilihan
rawatan sisa pepejal berasaskan Proses Analisis Hierarki (PAH) dimana masalah kajian
dibahagi kepada tiga aras hierarki iaitu matlamat, criteria dan alternatif. Secara
kesimpulannya sistem OpSWaste di Malaysia juga dapat membantu pelbagai pihak
seperti pembuat keputusan dan polisi, pihak berkepentingan serta seluruh masyarakat
dengan hanya menggunakan data sisa pepejal yang diperolehi secara cepatdan berkesan
bagi menyelesaikan masalah sisa pepejal di Malaysia.
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CHAPTER 1

INTRODUCTION

1.1 Generation of Solid Waste

Due to the rapid rise of urbanization around the world, an effective and efficient solid
waste management system is equally required to meet the development rates. It is worth
noting that solid waste management in developing countries has received less attention
from policy makers and academics in comparison to other urban environmental
problems, such as air pollution and wastewater treatment (Martin, 2000).

Solid waste generation has doubled and/or tripled in some industrial based countries over
the last two decades; developing countries, which are aspiring industrial nations, are also
producing Municipal Solid Waste (MSW) at an alarming rate. It is becoming
increasingly difficult to ignore that even Malaysia is severally lacking in MSW data
(Agamuthu and Fauziah, 2006; Agamuthu and Khan, 1997).

Generally, increment of solid waste generation occurs because of rapid increase in
population, improvement in wages, massive expansion of the urban areas and the
changing lifestyle or better standard of living as well as improvement in technology
(Ajadi and Tunde, 2010).

Urbanization is one of the most evident global changes worldwide. The rapid and
constant growth of urban population has led to a dramatic increase in urban solid waste
production, with a crucial socio economic and environmental impact. However, the
growing concerns for environmental issues and the need for sustainable development
have brought the management of solid waste to the forefront of the public agenda.
Legislation and regulations have been introduced in local and national levels to guide
waste management, and techniques for appropriate waste treatment and disposal.
Moreover, strategies for sustainable waste management have put an emphasized on the
requirement to minimize waste production, increase waste recovery and reduce the use of
landfill sites. Nowadays, there is a general agreement on the best practices for sustainable
management of urban solid waste, but only isolated efforts have been made so far in this
domain, which were adapted to specific regulations and needs of each national or
regional authority (Leao et al, 2001).

Sustainable waste management seems far from being attained. Reduction of waste
produced is still a mere hope more than an achievement in most countries. The net waste
production increases as population grows, and per capita generation of waste is also
increasing, particularly in developing countries (Nikolaos et al., 2006). In regards to the
governments from developing countries such as Malaysia, should consider the best
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approaches of handling and management of municipal solid waste that gather the
standards of economic, hygienic, and local ecology (Iwan et al., 2012).

It was estimated that the 6 billion human population in 2004 generated approximately 1.2
trillion kg of MSW, with the annual generation of MSW estimated to increase by 7%
(Governing Council of the United Nations Environmental Programme, 2008). Increasing
production of waste, minimal available land for storage and disposal in rural areas, and
the limited development of appropriate strategies and legislation for waste management
has led to a state of severe environmental degradation in many parts of the a particular
nation (Andrew, 2012).

As more countries in Asia realize their annual economic goals, there will be an increase
in the standard of living. With increased affluence come increased consumption and
increased waste generation. Increased waste generation is a major driver catalyzing the
growth of the waste management industry (Agamuthu and Suhaila., 2009). The unique
set of drivers serves as a starting point to design waste management strategy or policies.
This is based on tangible local trends or evidence, rather than adopting best practices
from elsewhere which may not address local characteristics, customs, peculiarities or
waste composition. Policies are ideal when pro actively driven by trends/evidence/facts
(Wilson, 2007) and tailored for each unique local scenario.

1.2 Problem Statements

The problems associated with the management of solid waste in today’s society are
complex due to several factors: a) diverse nature of the wastes together with the
development of extensive urban areas, b) the lack of public services in many large cities,
¢) the impact of technology, d) and the rising limitations in both energy and raw
materials. (Syed, 2006). In addition, all of the selected treatment and disposal of solid
waste are depending on the quantity and types of waste composition (Agamuthu, 2001).
Thus, the quantity of waste generated increased together with the complexity of waste
where plastic and other mixed waste became a significant portion in the entire waste
stream (Agamuthu and Tanaka, 2010).

Knowledge on quantity and composition of municipal solid waste (MSW) is fundamental
for the planning of waste management systems. Most previous studies investigated on the
characteristics of municipal solid waste at the final disposal sites (Martin el al., 1999).
With waste management strategies shifting more towards recycling, determination of the
quantity and composition of waste at the sources of generation is getting more attention
(Atkinson and New 1993, Abu Qdais et al., 1997).

In solid waste management planning, a workable alternative program is usually
developed, in most situations this programme and plans must be presented to the public
and decision makers for consideration, selection, and adoption (Syed, 2006). However,
the major concerns resulting from waste generation and management processes can be
associated with numerous policy fields which stress the significance of resource
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depletion issues and different types of environmental pollution such as the waste impact
on air pollution, climate change, ozone depletion, etc (Eduardo, 2002).

In Malaysia, urban waste generation increased 3% annually due to urban migration,
affluence and rapid development (Agamuthu, 2001). In year 2003, 17, 000 tonnes of
solid waste generated by all regions of Malaysia Peninsular was estimated. On average,
solid waste per capita output is about 0.85 kg / capita / day (Iwan, 2012). In 2008,
approximately 31,000 tonnes of waste were disposed into 260 landfills in Malaysia
(Agamuthu and Suhaila, 2009).

The availability of comprehensive data on solid waste composition on a national scale is
embarrassingly limited. A study conducted by the Ministry of Housing and Local
Government (MHLG, 2002) reported that the solid waste composition in Malaysia was
dominated by organic waste, followed by papers in the total waste stream such as waste
from residential, industrial and commercial areas. The characteristics or the composition
of Malaysian MSW is different from other countries. Due to its tropical climate with
heavy rainfall, the Malaysian MSW contains high moisture content ranging from 52.6 %
to 66.2 % (Hassan et al 2001). Another relevant characteristic is the high biodegradable
or organic matter contents (Chua et al, 2011).

Economic development, urbanization and improved living standards in cities increased
the quantity and complexity of generated solid waste in Malaysia. Wastes are generated
continuously in different ways from our daily activities. Each activity will generate
different types of waste which will require its own separate or specialized treatment,
hence the real data optimization is critical to control waste quantity in term of their
statistics on waste generation from a particular sources (Nganda, 2007).

1.3 Expert System as a Solution

Expert systems (ES) are computer programs that contain expert knowledge about a
specific domain and capability to apply on useful inferences and to provide expert level
advice to the user of the system (Fang et al., 1990). An expert system typically contains
two parts: a database that contains specified knowledge in a given area; and a set of rules
for reaching a conclusion (Durkin, 1994).

The knowledge-based expert system can be used to solve new problems once it has been
known to solve other domain’s problems (Lucien, 2012). Expert system is a program that
will function even with an incomplete and undecided data from the first time it was
executed in non-programmable task. Expert system provides consistent advice as well as
reducing the error rate. Besides that, expert system can handle uncertainties expresses as
probabilities. The process depends on the inference engine of the particular expert
system. In addition, expert system can be used as a training vehicle for users who lack
expertise in areas involved and will provides monetary savings once implemented. It
would save cost when not in used as human expertise is not needed most of the time.



The implementation of expert system technology is relatively a new approach in solid
waste management applications. In addition, ES may be extremely valuable tools in
certain aspects of waste management planning (Thomas et al., 1990). As mentioned
earlier some expert system applications deal with the design and setting of landfills and
the determination of feasible waste treatment alternatives. Expert system is also used to
increase the capabilities of waste management decision support systems. Those
applications enforce the belief that expert system can deal with solid waste management
problems more efficiently than conventional computer programs, if the capabilities of
expert system are used promptly by the researchers. Thus, endeavor in other branches of
engineering to utilize this new computing technology indicates that solid waste expertise
in various forms has a tremendous potential to be encoded successfully in expert systems
(Basri and Stentiford, 1995).

1.4 Objectives of the Study

The aim of the study is to develop an expert system for real time optimization of solid
waste management in Malaysia. Hence, this research has been carried out with the
following objectives as follows:

i. To develop a prototype of expert system database on solid waste management
using open sources software.
ii. To estimate the composition and growth revenue of municipal solid waste
generated.
iii. To design a modular system process to manage the solid waste composition based
on integrated solid waste management.

1.5 Scope of the Study

The scope of the study is focus towards significance of using ES’s estimation of waste
generation and growth revenue in a municipal area. This study also emphasis on the
application of modular system for the recycling process and the application of Life Cycle
Assessment. The synchronization between programming language HTML, PHP and
MYSQL as construction equipment is to ensure the developed prototype expert system
can be used with internet application.

This study will also present information about solid waste management process in
Balakong, Selangor area, to show the mechanism of the prototype expert system and
displays some of its properties. Data validation for prototype expert system also used the
primary data of waste composition, collected from household and industrial area in
Balakong, It is hoped, by using the prototype expert system, users can share the
information with policy makers to improve decision related with optimization of
municipal solid waste.

The flexibility to design, adapt and operate the system in ways which most suitable meet
current social, economic and environmental condition are some of the aspects of an

4



effective integrated scheme. These will likely change over time and geographic factors.
The use of a range of waste management options in an integrated system gives the
flexibility to channel waste via different treatment as economic or environmental
condition change. For example, papers can be recycled, composted or incinerated as
sources of energy. This option, utilizes the system development can be varied according
to the economics of paper recycling, compost production or energy supply prevailing at
the time. The target of the end user for this system are individuals, stakeholder or
industry groups which are involved in solid waste management planning.

The importance of expert system to optimize development of solid waste management in
order to manage solid waste composition effectively and efficiently based on real time
data in Malaysia. It is also important for private and local authority to determine the
waste composition generation data, growth revenue, recycling process and life cycle
assessment on daily, weekly, monthly or yearly basis by using online system or portable
system.

1.6 Thesis Organisation

“An Expert System for Real Optimization of Solid Waste Management in Malaysia” is a
thesis based on real scope to produce a new system that can help in problem solving of
solid waste generation and management in Malaysia. Overall, this thesis comprises of six
chapters with the purpose to facilitate understanding and writing process. Therefore,
chapters in this thesis have been compiled as following:

Chapter 2 discusses generally about solid waste generation in municipal areas of
developing countries. Discussions also involve factors regarding problem on solid waste
management in Malaysia, solid waste composition, sources and characteristics of solid
waste, recycling program, integrated solid waste management and solid waste
enforcement.

Chapter 3 involves descriptions about the methodology used for this investigation. It is
divided into four parts, namely expert system development, application of linear model,
application modular system process, life cycle assessment and waste composition study.
Discussions also focus on conceptual model of expert system development. Besides that,
selection and type of expert system prototype tools are discussed as well in this chapter.

Chapter 4 explains on expert system architecture which is divided into three parts which
are application of linear model to estimate real composition and growth revenue,
application of modular system process and life cycle assessment. Other than that,
discussions also involve interfaces in expert systems prototype and target of end users to
use this prototype.

Chapter 5 involves discussion on verification and validation processes to evaluate expert
system potential by applying the data obtain from Balakong, Selangor area as real case
studies. Besides that, evaluation process also had been done for users interface to
evaluate the efficiency and effectiveness of the expert system.

5



Chapter 6 is the last chapter which provides some conclusions and state important points
gathered throughout this study and provide a few suggestions in order to improve
effectiveness of the system.



REFERENCES

Aarne Vesilind, P., Debra, R.R., and William A. Worrell, 2002. Solid Waste
Engineering. USA; Course Technology Publisher.

Aarne Vesilind, P., Susan M. M., Lauren G. H. 2010. Introduction to Environmental
Engineering. Stamford, CT : Cengage Learning Publisher

Abbasi, M., Chai, S., Liu, H., Sagoo, K.: Real-World behavior analysis through a social
media lens. In: 5th International Conference on Social Computing, Behavioral-
Cultural Modeling & Prediction (SBP 2012), USA. pp. 18-26.

Abou Najm M. 2002. An optimisation model for regional integrated solid waste
management. Model formulation Waste Manage Res 2002: 20: 3745

Abu Qdais H.A., Hamonda M.F.and Newham J. 1997. Analysis of residential solid waste
at generation sites. Waste Management & Research. Vol. 15, pp. 395-406.

Agamuthu, P. and Nather Khan. 1997. Effective Solid Waste Management. Ecotone
Management Sdn. Bhd. Kuala Lumpur, Malaysia. pp.193

Agamuthu, P. 2001. Solid Waste: Principles and Management, with Malaysian Case
Studies. University of Malaya Press, Kuala Lumpur. pp. 404.

Agamuthu, P. and Fauziah S.H 2006. MSW Disposal in Malaysia: Landfill Proceeding
of the 2nd Expert Meeting on Solid Waste Management in Asia and Pacific

Islands in the Kitakyushu International Conference Centre, Kitakyushu, Japan.
pg. 3-3-1-1 to 3-3-1-10

Agamuthu,P., Fauziah S.H. 2006. Drivers of sustainable waste management in Asia.vol.
27.no. 7.pp: 625-633

Agamuthu, P., Fauziah S.H. and Khidzir, K. 2009. Evolution of solid waste management
in Malaysia: Impacts and implications of the solid waste. Journal of Material
Cycles and Waste Management.

Agamuthu, P. and Suhaila M.O. 2009. Biodegradation of Plastic in Municipal Solid
Waste. VDM Publishing House .Verlag.

Agamuthu, P. and Tanaka, M. 2010. Municipal Solid Waste Management in Asia and
Islands. Institute Technology Bandung (ITB) Press, Bandung, Indonesia.

Ajadi B.S and Tunde A.M. 2010. Management in Ilorin Metropolis, Nigeria. Journal of
Human Ecology, 32(2):pp.101-108.

114



Ali, G., Nitivattananon V., Molla NA, Hussain A. 2010. Selection of appropriate
technology for solid waste management: a case of Thammasat hospital,
Thailand. World Academy of Science, Engineering and Technology vol 64, pp,
251-254.

Anjaneyulu K. S .R. 1998. Expert Systems: An Introduction. [Online]. Available at:
http://www.ias.ac.in/resonance/Mar1998/pdf/Mar1998p46-58.pdf

Arnold V.K. 1999. Integrated Sustainable Waste Management - the Concept Tools for

Decision-makers Experiences from the Urban Waste Expertise Programme
(1995-2001)

Atkinson W. and New R. 1993. Curbside Collection of Recyclables from Household
Waste in the UK. A Position Study. Warren Spring Laboratory, Stevenage, UK.

Bagchi, A. 2004. Design of landfills and integrated solid waste management, Third
Edition. New Jersey: John Wiley & Sons, Inc.

Basri, H.B and Stentiford E.I. 1995. Expert systems in solid waste management. Waste
management and research. (13): 67-89.

Basri H.B. and Stentiford E.I. 1995. Solid Waste Management. Waste Management &
Research Department of Civil Engineering, Leeds University, Leeds, LS2 9JT,
U.K.Volume 13, Issue 1, February 1995, Pp 67-89

Becidan, Michaél 2007. Experimental Studies on Municipal Solid Waste and Biomass
Pyrolysis Norwegian University of Science and Technology, Faculty of
Engineering Science and Technology, Department of Energy and Process
Engineering.  Available at:http://urn.kb.se/resolve?urn=urn:nbn:no:ntnu:diva-
1723ISBN:978-82-471-2758-2

Beigl, P., G. Wassermann, Schneider F., and Salhofer S., 2003. Municipal solid waste
generation trends in European countries and cities. Paper presented at the 9th
International Waste Management and Landfill Symposium, CISA,S. Margherita
di Pula (Cagliari), Sardinia,ltaly, October 6-10, 2003

Bernama. 2011. Alam Flora’s Transformation In Managing Solid Waste. Available
at:http://envdevmalaysia.wordpress.com/2011/12/15/alam-floras-transformation-
in-managing-solid-waste.

Bjorklund A., 2000. Environmental systems analysis of waste management —

Experiences from applications of the ORWARE model, Ph.D. thesis, Royal
Institute of Technology, Stockholm, 2000.

115



Brunner, C.R. 1994. Waste-to-energy conversion, incineration. In Handbook of Solid
Waste Management, ed. F. Management, ed. F. Kreith, McGraw — Hill, New
York, pp. 11.3 - 11.97.

Buenrostro O., Bocco G., and Cram S.. 2001. Classification of sources of municipal solid
wastes in developing countries. Resources, Conservation and Recycling, 32(1),
29-41.

Bonaparte R., Daniel D., and Koerner R.M. 2002. Assessment and Recommendations for
Improving the Performance of Waste Containment Systems. Cincinnati, OH:
Environmental Protection Agency.

Carre B., Magnin L., Galland G., Vernac Y.(2000), “Deinking difficulties related to ink
formulation, printing process and type of paper”. TAPPI Journal 82: 60

Challenger 1., 2007 Turning the waste management hierarchy the right way up. Waste
MINZ Annual Conference.

Chang, N.-B., Lin, Y.T., 1997. An analysis of recycling impacts on solid waste
generation by time series intervention modeling. Resources, Conservation and
Recycling 19 (3), 165-186.

Chang Y.H., Chang HW and Chen. 2007. Fair fund distribution for a municipal
incinerator using GIS-based fuzzy analytic hierarchy process. Journal of
Environmental Management (2007) Volume:90, Issue:1, Publisher: Elsevier Ltd,
Pages:441-454

Chua K.H., Endang J.M.S, Leong Y. P. 2011. Sustainable Municipal Solid Waste
Management and GHG Abatement in Malaysia. Principal Lecturer, Institution of
Energy Policy and Research, UNITEN. Pg- 1 of 8

Chung, S.S. and Poon, C.S. 1998. Recovery system in Guang Zhou and Hong Kong.
Resources, Conservation and Recycling. (23): 29-45.

Cunningham P. and Saigo B. W. A. 1995. Environmental Science: A global concern:
William Brown Publisher Dubuque, Australia

CPCB. 2000. Management of Municipal Solid Waste. Central Pollution Control Board
Ministry of Environment and Forests, New Delhi, India.

Damghani, A. M., Savarypour, G., Zand, E. and Deihimfard, R. 2008. Municipal solid

waste management in Tehran: Current practices, opportunities and challenges.
Waste Management, 28 (5), 929-934.

116



Daniel H, and Laura T. 1999. What a Waste. olidWaste Management in Asia The
International Bank for Reconstruction and Development/The World Bank1818 H
Street, N.W.Washington, D.C. 20433, U.S.A.

Daskalopoulos, E., Badr, O., Probert, S.D. 1998. Municipal solid waste: a prediction
methodology for the generation rate and composition in the European Union
countries and the United States of America. Resources, Conservation and
Recycling 24 (1), 155-166.

Dawda B, Mohd Armi A.S,Latifah A.M, Azizi B.M .2011. Assessment of municipal
solid waste composition in malaysia: management, practice and challenges.
Pol.J.Environ.Stud.Vol.21, No 3

De Lurgio. 1998. Forecasting Principles and Applications, McGraw-Hill International,
USA.

Dennison, G.J., Dodd, V.A., Whelan, B. 1996. A socio-economic based survey of
household waste characteristics in the city of Dublin, Ireland. Waste
composition. Resources, Conservation and Recycling 17 (3),227-244.

Diaz, L. F, Savage, G.Eggberth, L and Golueke, C. 1994. Composting of Municipal
Solid Waste. Handbook of Solid Waste Management. Kreith Frank (Ed).
McGraw-Hill Incorporated, New York, USA.

Dokas, M.I. 2005. In the proceeding of the information technologies in environmental
engineering (ITEE, 2005), Otto-Von - Guericke — University Magdeburg,
Germany, pp.202-217.

Durkin, J. 1994. Expert system: design and development. New Jersey: Prentice — Hall
International Ltd.

Eduardo J. G. Barata .2002. Solid waste generation and management in Portugal: An
input-output modelling approach.7th Biennial Conference of the International
Society for Ecological Economics, “Environment and Development:
Globalisation & the Challenges for Local & International Governance”, Sousse
(Tunisia), 6-9 March 2002.

Elizabeth, T.H. 1998. Solid Waste Management: Critical Issues For Developing
Countries. Canoe Press; University of the West Indies.

Fang, H., Ye, H,. and Zhong, M. 1990. Fault Diagnosis of Networked Control Systems.
In Proceedings of the Safe Process, Beijing. pp. 1-11.

117



Frank W. Nasuti .2000. Knowledge Acquisition Using Multiple Domain Experts in the
Design and Development of an Expert System for Disaster Recovery.Planning
School of Computer and Information Sciences Nova Southeastern University

Gerlagh, R., P.V. Beukering, M. Verma, P.P. Yadav, and P. Pandey. 1999, ‘Integrated
modeling of solid waste in India’, CREED working paper no. 26, International
Institute of Environment and Development, London.

Giarratano, Joseph dan Riley, Gary. 2005. Expert Systems: Principle and Programming,
4th Edition. Thomson Course Technology, Boston.

Gunderson S., Wise G., Roach J. & Muench D. 1991. Using Chopped Newspaper for
Animal Bedding. University of Winsconcin; USA.

Hansmann, J. & Mustafa, N. 1993. Plastics: A Technical Overview. In N. Mustafa (Ed.),
Plastic Waste Management, Disposal, Recycling and Reuse. Marcel Dekker
Publisher; New York.

Hasmadi, I.M., H.Z. Pakhriazad and F.S. Mohamad. 2010. Geographic information
system-allocation model for forest path: A case study in ayer hitam forest reserve,
Malaysia. Am. J. Applied Sci., vol. 7 pp, 376-380.

Hassan.M.N. and Chong T.L. 2000. Contemporary issues of MSWM in developing
countries, Paper presented in Seminar on Environmental Indicators (river quality
and solid waste). Sarawak. Malaysia.

Hassan M.N. 1991. The criteria for economic evaluation of waste disposal project in
Malaysia. Seminar Euro-America Experience and Malaysia Requirement In Solid
Waste Management, Kuala Lumpur.

Heather, W. & Yuen, D. 1990. Plastic Recycling. New Zealand Recyclers Limited; New
Zealand.

Hecht, N.L. 1983. Design principle of resources recovery engineering. Penang:
Butterworth Publisher.

Hemanth, K., Sridhar S and Herrick C. 2007. Beyond spreadsheets: tools for building
decision support systems. Computer

Heino Vest and Franziska Bosch. 2002. Module 1: Technical Concept: Improvement of
Sanitation and Solid Waste Management in Urban Poor Settlements. Deutsche
Gesellschaft for; Eschborn, Germany.

Iwan Budhiarta, Chamhuri Siwar, Hassan Basri. 2012. Current Status of Municipal Solid
Waste Generation in Malaysia. vol 2 No 2.

118



Ibrahiem ARA, Ahmad Basri N. E., Riza AA, and Amiruddin I. 2009. Hong Kong
Artificial Intelligence Expert System for Minimizing Solid Waste during
Highway Construction Activities Member, IAENG Proceedings of the

International Multi Conference of Engineers and Computer Scientists 2009 Vol
IIMECS March 18 — 20.

Iwan B, Chamhuri S, Hassan B. 2012. Current Status of Municipal Solid Waste
Generation in Malaysia.vol 2 No 2 ISSN:2088-5334

IAWG .1997. (International Ash Working Group: A.J. Chandler, T.T. Eighmy, J.
Hartle'n, O. Hjelmar, D. Kosson, S.E. Sawell, H.A. van der Sloot, J. Vehlow), In:
Municipal Solid Waste Incinerator Residues, Studies in Environmental Sciences
67, Elsevier Sci., Amsterdam

Jamal, O. 2007. Economic Valuation Of Householdpreference For Solid Waste
Management In Malaysia: A Choice Modeling Approach Faculty of Economics
and Business Universiti Kebangsaan Malaysia [JMS 14 (1), 189-212.

James, P.I. 1990. A brief introduction to expert systems. Computers & Operations
Research. 17(6):523-533.

Jarrah, A.L., Omar and Hani A.Q. 2005. Municipal solid waste landfill siting using
intelligent system. Waste Management. (26): 299-306.

Jayashree, S., Marthandan G., Malarvizhi C., and Indrakaran K. 2012. Solid Waste
Management in Malaysia — A Move Towards Sustainability. Report Intech Open
Science. Page 54-70.

Jayawardhana, L.C., Aruna, M., Ajith, D.A., Malik, R., Sumith, P. and Indrik, A. 2003.
BESTCOMP: Expert system for Sri Lankan solid waste composting. (24):281-
286.

John, P. 2005 Waste Management Practices: Municipal, Hazardous, and Industrial. CRC
Press; Boca Raton, FL

Karavezyris,V., Prognose von Siedlungsabfillen .2001. Untersuchungen zu
determinierenden Faktoren und methodischen Anséitzen. TKVerlag, Neuruppin,

Kathirvale S, M.N. Muhd Yunus, K. Sopian, A.H. Samsuddin .2003. Energy potential
from municipal solid waste in Malaysia Renewable Energy, 29 (2003), pp. 559—
567

Khator, Renu. 1993. Recycling: A Policy Dilemma for American States?. Policy Studies
Journal 21, 2: 210-226

119



Khojastehfar, E., Daryan A.S. and Assareh M.A., 2009. Probabilistic empirical green's
function method in ground motion simulation. Am. J. Eng. Applied Sci., 2, pp,
160-164

Kiely, G. 1998. Environmental Engineering. International Edition, McGraw-Hill:
Singapore.

Kirkpatrick. N. 1993. Selecting a waste management option using a life cycle analysis
approach. Journal packaging technology and science. Vol 6, pp. 159-172.

Koerner, R.M .2012. Designing with Geosynthetics. 6th ed. Bloomington, USA: Xlibris.

Latifah AM, 2008 TSA: An Expert System for Solid Waste Transfer Station. Department
of Environmental Sciences Faculty of Environmental Studies Universiti Putra
Malaysia vol 1, NO 3

Latifah AM, 2008. UrusSisa: An Intelligent System for Integrated Solid Waste
Management.Department of Environmental Sciences Faculty of Environmental
Studies

Latifah AM, Mohd Armi AS and Nur Ilyana MZ. 2009 Municipal solid waste
management in Malaysia: Practices and challenges. Waste Management 29(11):
2902-2906.

Leao, S., Bishop, 1., Evans, D., 2001. Assessing the demand of solid waste disposal in
urban region by urban dynamics modelling in a gis environment. Resources,
Conservation and Recycling 33 (4), 289-313.

Leila Ooshaksaraie, and Alireza Mardookhpour, 2011. A Rule-Based Expert System for
Construction and Demolition Waste Management. Department of Environment,
Faculty of Natural Resources, Lahijan Branch, Islamic Azad University, Lahijan,
Iran 492 American Journal of Environmental Sciences 7 (6): 492-498, 2011 ISSN
1553-345X

Ljunggren So6derman M. 2000. A systems engineering approach to national waste
management. PhD Thesis, Energy Systems Technology, Chalmers University of
Technology, Goteborg, Sweden.

Local Government Department Ministry Of Housing And Local Government .2003.
Overview Of Solid Waste Management in Malaysia. Available
at:http://www.docstoc.com/docs/2366282/overview-of-solid-waste-management-
in-malaysia

120



Local government department ministry of housing and local government. 2005.

Overview of Solid Waste Management In Malaysia
http://www.docstoc.com/docs/2366282/overview-of-solid-waste-management-in-
malaysia

Luton, Larry S. 1996. The Politics of Garbage: A Community Perspective on Solid
Waste Policy-Making. Pittsburgh, PA: University of Pittsburgh Press

Luis F. Diaz, George, M. Savage, Linda, L. Eggerth 2005. Solid Waste Management.
United Nations Environment Programme, 2005.

Manser, A.G.R. and Keeling, A.A. 1996. Practical Handbook of Processing and
Recycling Municipal Waste. CRC Press; Boca Raton, FL.

Martin Medina. 2000. Globalization, Development, and Municipal Solid Waste
Management in Third World Cities, El Colegio de la Frontera Norte, Tijuana,
Mexico

Ministry of Housing and Local Government (MHLG) .2002. Ministry of Housing and
Local Government Reports 2002. Kuala Lumpur: Government Printers.

Mitchell J.K., Alvarez-Cohen L., Atekwana E.A., Burns S.E., Gilbert R.B., Kavazanjian
E.J. 2007. Assessment of the Performance of Engineered Waste Containment
Barriers. Washington, DC: The National Academies Press.

Mohamed, O.S., Mohd, N. H, M., Abdul M. 2009. Development Of Municipal Solid
Waste Generation And Recyclable Components Rate Of Kuala Lumpur:
Perspective Study Universiti Sains Malaysia, 14300 Nibong Tebal, Penang,
Malaysia

Mourato, S. 1999. Household Demand for Improved Solid Waste Management in
Malaysia. Paper presented in the Workshop on Economic Valuation of
Environmental Resource, organized by EPU and DANCED, Renaissance Palm
Garden Hotel, Puchong, May 13-15.

Mockler, J. & Dologite, D.G. 1992. Knowledge-Based System: An Introduction to
Expert Systems. Mcmillan, New York.

Nadzri, Y. and Larsen, 1.B. 2010. Federalising solid waste management in peninsular
Malaysia. Report Department of National Solid Waste Management, Ministry of
Housing and Local Government.

Nazeri M and Salleh, 2001. Solid Waste Management by Federal Government
Authorities in Malaysia Territories. Guide Books Basic Improvement of
Municipal Solid Waste Management. Lestari -Universiti Kebangsaan Malaysia.

121



Nasir A. 2008. Institutionalizing Solid Waste Management in Malaysia: Department of
National Solid Waste Management. Ministry of Housing and Local Government
Malaysia, Power Point Presentation, December 6.

Nassereldeen A. K., Mohammed S., Munif A. J. and Nur Adibah. A. 2011. Integrated
scheduled waste management system in Kuala Lumpur using expert system
Bioenvironmental Engineering Research Unit (BERU), Department of
Biotechnology Engineering, Faculty of Engineering, International Islamic
University Malaysia, Malaysia.

Needham A., Gallagher E., Peggs 1., Howe G., and Norris J. 2004. Likely Medium to
Long-term Generation of Defects in Geomembranes. Bristol: Environment
Agency.

Nganda, M. K. 2007. Mathematical Models in Municipal Solid Waste Management,
Thesis for the degree of licentiate of philosophy, Chalmers University of
Technology and Goteborg University, Sweden.

Nikolaos V.K.,Alessandra Orsonil.,Vassili Loumos. 2006. Municipal Solid Waste
Generation Modelling Based On Fuzzy Logic. pg.1-5 Kingston University

Niranjan Mardi. 2008. Ready reckoner on municipal solid waste management for urban
local bodies. Commissionerate of Municipal Administration Chennai - 600 005
November 2008

Noorhajran M.N. 1995. Legislation and incentives for reuse and recycling of resources.
In: Seminar on Media and the Environment: Effective Waste Management
through Reduction, Recycling and Reuse, 24-26 October 1995, Kuala Lumpur.

Ovidiu, A. S., Stefan, G.P.and Maria, D.S. 2010. Improving computer based speech
therapy using a fuzzy expert system. Computing and Informatics, Vol. 29, pp,
303-318.

Omran, A., Mahmood, A., Abdul Aziz, H.and Robinson, G .M. 2009. Investigating
Households Attitude Toward Recycling of Solid Waste in Malaysia: A Case
Study International Journal of Environmental Research, Vol. 3, No. 2, Spring
2009, pp.275-288

Paul S, 2008. Proposed Standard Web 2.0 Tools: Web 2.0 tools training course.

Available at: http://www.webreference.com/promotion/web20/index.htm
Original: December 16.

122



Peter L, 2004. Artificial Intelligence-Expert Systems institute for computing and
information sciences, Radbound University Nijmegen, the Netherland
International Journal of Environmental Research, Vol. 3, No. 2, Springer 2004,
pp.275-288

Peter B, Sandra L.Stefan S. 2006. Modelling municipal solid waste generation: A review
Institute of Waste Management, Department of Water, Atmosphere and
Environment, BOKU — University of Natural Resources and Applied Life
Sciences, Muthgasse 107, 1190 Vienna, Austria Accepted 27 December 2006

Peter B., Sandra L., Stefan S. 2008. Modelling municipal solid waste generation: a
review. Environmental SciencesWaste management New York NY (2008)
Volume:28,Issue:1,Pages:200-214

Pichtel, J. 2005. Waste Management Practices: Municipal, Hazardous, and Industrial.
Boca Raton, FL: CRC Press

Poon, C.S. 1997. Management and recycling of demolition waste in Hong Kong. Waste
Manage. Res., vol 15, pp 561-572.

Purcell M., W.L. Magette. 2009. Prediction of household and commercial BMW
generation according to socio-economic and other factors for the Dublin region
Centre for Water Resources Research, School of Architecture, Landscape and
Civil Engineering, University College Dublin, Newstead, Belfield, Dublin 4,
Ireland Waste Management 29 (2009) 1237-1250

Qian, X., Koerner, R.M., and Gray D.H .2001. Geotechnical Aspects of Landfill Design
and Construction. Upper Saddle River, NJ: Prentice Hall.

Rossini P. 2000. Using Expert Systems and Artificial Intelligence For Real Estate
Forecasting, Sixth Annual Pacific-Rim Real Estate Society Conference Sydney,
Australia, 24-27.

Rowe R.K., Southen J.M., Van Gulck J., Moore 1., Sangam H.P. and Krol M .2001.
Review of the State-of-the-Art of Landfill Site Design. London, ON:
Geotechnical Research Centre.

Rowe R.K., Quigley R.M., Brachman R.W.I., and Booker J.R. 2004. Barrier Systems for
Waste Disposal Facilities. London: Spon Press.

Ramesha. C and Das D.B. 2012. Solid waste management, environmental science and

engineering, DOI: 10.1007/978-3-642-28681-0-14 Springer-Verlag Berlin
Heidelberg 2012

123



Rasmussen C, Vigso D, Ackerman F, Porter R, Pearce D, Dijkgraaf E, Vollebergh H
2005 .Rethinking the waste hierarchy. Environmental Assessment Institute.

Sabri ML.F., & Teoh Y.K. 2006. Tahap Keprihatinan Alam Sekitar dan Amalan
Kepenggunaan Hijau Pengguna di Petaling Jaya, Selangor. UPM Press; Universiti
Putra Malaysia.

Salim, R. 2008. Towards waste management challenges after 50 years independence.
(Online). Available at: http://web.utm.my/today/ (4 February, 2008).

Sasikumar K. and Gopi Krishna. 2009. Solid Waste Management.Published by PHI
Learning Private Limited, New Delhi ISBN-978-81-203-3869-2

Shammas, F. 1993 Plastic Production and Consumption. In N. Mustafa (Ed.), Plastic
Waste Management, Disposal, Recycling and Reuse. Marcel Dekker; New Y ork.

Syed S. 2006. Solid And Liquid Waste Management Atomic Energy Research Institute,
King Abdulaziz City for Science and Technology, Emirates Journal for
Engineering Research, 11(2), 19-36 (2006)19

Tariq Y.and Mostafizur R. 2010. Monitoring quantity and characteristics of municipal
solid waste in Dhaka City 1355:3-11 Springer Science+Business Media B.V.2007

Tchobanoglous, H. Theisen, S.A. Vigillntegrated. 1993. Solid Waste Management:
Engineering Principle and Management Issue McGraw Hill Inc., New York.

Tchobanoglous G., Theisen H. and Vigil S.A. 1993. Integrated Solid Waste
Management. Singapore: McGraw-Hill.

Thomas B., Tamblyn D. and Baetz B. 1990. Expert Systems in Municipal Solid Waste
Management. Journal of Urban Planning and Development 116, 150 - 155.

Tukker, A. & de Groot, I.LH. 1999. Chemical Recycling of Plastic Waste (PVC and other
resins). TNO Institute of Strategy, Technology and Policy; Netherlands.

United Nations Development Programme (UNDP), Malaysia.2008. Malaysia developing
a solid waste management model for Penang. Report, pp, 1-57.

United States of America (U.S.A), Environmental Protection Agency. 2012. Municipal
Solid Waste (MSW) in the UnitedStates: Facts and Figures.[Online]. Available
at:http://www.epa.gov/osw/nonhaz/municipal/msw99.htm

Wan Nadzri. 2010. Issues in adapting supply-chain management (SCM) in construction
industry.2nd International Conference on Technology and Operations
Management (ICTOM), 5 - 7 July 2010 .

124



Waite, R. 1995. Household Waste Recycling. Earthscan Publication Ltd; London, UK.

White, P.R, Franke,M, Hindle,P. 1995. Integrates solid Waste Management- a life
Cycle Inventory, Blakie Academic &Professionals, Chapman & Hall

White, P., M. Franke and P. Hindle. 1999. Integrated waste management: A lifecycle
inventory, Aspen Publishers, Maryland, USA

William S., James J. Buckley. 2005. Fuzzy Expert Systems And Fuzzy Reasoning, John
Wiley & Sons, Inc., Hoboken, New Jersey

Wilson, D.C. 1981. Waste Management: Planning, Evaluation, Technologies. Oxford
University Press; UK

Wilson, D.C. 2007. Development drivers for waste management Centre for
Environmental Control and Waste Management. Department of Civil and
Environmental Engineering, Imperial College, London, UK Waste Manage Res
2007: 25: 198-207

Wilson, D.C, Whiteman, A. & Tormin, A. 2001. Strategic Planning Guide for Municipal
Solid Waste Management. For the Collaborative Working Group on Solid Waste
Management in Low and Middle Income Countries (CWG). World Bank,
Washington D.C.

Zaini.S. 2011. Municipal Solid Waste Management in Malaysia: Solution for Sustainable

Waste Management, Journal of Applied Sciences in Environmental Sanitation, 6
(1), pp: 29-38.

125





