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ABSTRACT

The disposal of municipal solid wastes in landfill resulted in significant

emissions of greenhouse gases (GHGs), predominantly methane (CH4) and causes

green house effect leading to global warming. The aim of this study is to assess the

environmental impacts of municipal solid waste management in Johor Bahru,

Malaysia. It is also aimed at reducing the GHGs emission from the related waste-

disposal activities based on several scenarios by utilizing the concept of integrated

solid waste management (ISWM). This approach has been applied to optimize the

management of the wastes with the main targets of GHGs emissions reduction and its

impacts to the environment. In this proposed scenarios, wastes were being fractioned

for different waste management options which include source separation, recycling,

composting, incineration and landfilling. Subsequently, comparison of the existing

and alternatives wastes management scenarios was performed based on their

respective impacts to the environment via cradle-to-grave approach known as life

cycle assessment (LCA). Scenario 1 is an integrated system which involves

recycling, composting, incineration and landfill.  Meanwhile, only three treatments

involved in scenario 2 (composting, incineration, landfill) and scenario 3 (recycling,

incineration, landfill). Scenario 4 is the current situation which involve recycle and

landfill. Even though scenario 4 shows an emission of 2.04 kg CO2-eq of CH4 and

31.63 kg CO2-eq of carbon dioxide but by taking integrated system into account,

scenario 1 gave less impact compared to others (scenario 2; 1404.99 kg CO2-eq and

scenario 3; 1837.64 kg CO2-eq) with emission of 10.59 kg CO2-eq and 1292.7 kg

CO2-eq for CH4 and CO2 respectively. ISWM system, with a combination all

treatments of recycling, composting, incineration and landfill (scenario 4) has shown

best result in general and less emissions compared to the others. A combined facility

or integrated solid waste management would be ideal for Johor Bahru.
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ABSTRAK

Pelupusan sisa pepejal di tapak pelupusan telah menyebabkan kesan rumah

hijau hasil pelepasan gas rumah hijau (GHG) yang kebanyakannya adalah gas

metana (CH4) dan seterusnya membawa kepada pemanasan global. Tujuan kajian ini

adalah untuk menilai kesan terhadap alam sekitar hasil daripada pengurusan sisa

pepejal perbandaran di Johor Bahru, Malaysia. Ia juga bertujuan mengurangkan

pelepasan GHG daripada aktiviti pelupusan sisa yang berkaitan berdasarkan

beberapa cadangan senario dengan menggunakan konsep pengurusan sisa pepejal

bersepadu (ISWM) demi mengoptimumkan pengurusan sisa pepejal. Berdasarkan

cadangan senario, pembahagian sisa telah dilakukan untuk pengurusan yang berbeza

seperti pengasingan di sumber, kitar semula, kompos, pembakaran dan pembuangan

di tapak pelupusan.  Setelah itu, perbandingan dilakukan terhadap pengurusan sedia

ada dan senario alternatif berdasarkan kesan masing-masing kepada alam sekitar

melalui kajian penilaian kitar hayat iaitu daripada awal sehingga akhir proses.

Senario 1 adalah satu sistem bersepadu yang melibatkan kitar semula, kompos,

pembakaran dan tapak pelupusan. Hanya tiga rawatan terlibat dalam senario 2

(kompos, pembakaran, pelupusan) dan senario 3 (kitar semula, pembakaran,

pelupusan). Senario 4 adalah keadaan semasa yang melibatkan kitar semula dan

tapak pelupusan.  Walaupun senario 4 menunjukkan pembebasan CH4 sebanyak 2.04

kg CO2-persamaan dan karbon dioksida (CO2) 31.63 kg CO2-persamaan tetapi

dengan mengambil kira sistem bersepadu, senario 1 memberi kesan yang kurang

berbanding yang lain (senario 2; 1404.99 kg CO2-persamaan dan senario 3; 1837.64

kg CO2-persamaan) dengan pelepasan 10.59 kg CO2-persamaan dan 1292.7 kg CO2-

persamaan untuk CH4 dan CO2. Senario 1, sistem ISWM menunjukkan hasil yang

terbaik secara umum dan kurang pembebasan GHG berbanding yang lain.

Pengurusan sisa pepejal secara bersepadu adalah sesuai untuk Johor Bahru.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Nowadays, wastes have become a major problem to the environment. If not

properly managed and taken care of, it can lead towards environmental and health

problem. Solid waste will be the focus of this research. Solid wastes are defined as

wastes arising from human and animal activities that are normally solid and

unwanted. The classification of solid waste uses a variety of schemes such as

physical (solid, liquid, gaseous), original use (packing waste), material (glass, paper,

plastics), physical properties (combustible, compostable), origin (domestic,

commercial, industrial, agricultural) and safety parameters (hazardous, radioactive).

There are four main categories of solid wastes which are municipal solid waste

(MSW), agricultural wastes, industrial waste and hazardous wastes.

A community mostly generates both municipal and industrial waste materials.

Previous study found that the main components of Malaysian waste are food, paper

and plastic which comprise 80% of overall weight (Kathirvale et al., 2003). The

disposal of these wastes recently has become an issue of immense proportions.

These problems had been considered in the news as with political and social

concerns overshadowing technical and economic issues.

According to Agamuthu (1997), waste generation within Malaysia was found

to depend very much on the sources of municipal solid waste. The rate of generation
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varied greatly depending on the premises (house, shop, etc.), affluence of population

(low income or high income), occupations or business.

Municipal solid wastes are mainly the household wastes including

commercial waste and institutional waste. This type of waste is highly

heterogeneous and its composition depends on factors like living standards, type of

housing, seasons and country including cultural habits of individuals. MSW also

includes solid residue from municipal functions and services. Meanwhile, industrial

waste comprises wastes from industrial processes and some of these could also

include hazardous waste. The problem of this waste disposal began when human

first started to congregate in relatively small areas. Everyone is responsible and must

take action, especially in disposal management of the waste.

The composition of MSW reflects the affluence of the society, their way of

life, their economic status and their social behavior. The characteristics of MSW

changes with time as the society evolve to the needs of development (Agamuthu,

1997).

Numerous basic principles and methods of solid waste management were

introduced at the beginning of twentieth century (Parsons et al., 2005). The general

methods for the final disposal of solid wastes are dumping on land and in surface

waters, feeding to swine, mixing into soil, reduction and incineration. Most large

cities, however, still dump solid waste on land or in water. But as today, the

dumping of waste into any body of water is no longer allowed, so most municipal

solid waste is currently disposed of in a landfill.

Understanding solid waste management may relate concurrently to the

control of generation, storage, collection, transfer and transport, processing and

finally disposing of solid waste with the best doctrines of public health, economics,

engineering, conservation, aesthetics and environmental considerations. Hence, this

study will focus on integrated solid waste management instead of landfill disposal

only.
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Integrated Solid Waste Management (ISWM) can be defined as a

combination of waste management programs which are including thoroughly waste

prevention, recycling, composting and disposal. An effective ISWM system should

be considered the best way to prevent, recycle, and manage solid waste which then

gave good effect in protecting human health and the environment (USEPA, 2002).

In ISWM systems, the most suitable waste management activities can be done is

after evaluating the local needs. These needs will guide further for necessary action.

The most important ISWM activities are waste prevention, recycling, composting,

combustion and disposal in landfills that are designed, constructed and manage

appropriately. Each of these activities requires precise planning, financing,

collection and transport.

Figure 1.1 Integrated Solid Waste Management (USEPA, 2002)

Normally, a material or product will go through a long cycle before it

becomes solid waste. Mostly it involves removing and processing raw materials,

manufacturing the product, transporting the materials and products to markets and

using energy to operate the product. From these activities, greenhouse gas (GHG)

emission potentially generated through one or more of the subsequent process

(USEPA, 2002):
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 Energy consumption: From fossil fuels used in transporting and

marketing of materials and products to market all generates GHG

emissions.

 Methane emissions: A greenhouse gas, methane will generates when

organic waste decomposes in landfills.

 Carbon storage: By planting trees and other crops, carbon emission

will be sequestered in plant as carbon and thus minimize climate

change impacts that caused by CO2, greenhouse gas.

Water vapor, methane, carbon dioxide, ozone and nitrous oxide are types of

greenhouse gases that occur naturally in the air, while others could arise from human

actions. By burning wood and wood products, fossil fuels (oil, natural gas and coal)

and solid waste will cause carbon dioxide to be emitted to the atmosphere.

Meanwhile, decomposition of organic waste at landfills and by livestock will

generate methane emissions. Also during the production and transport of coal,

natural gas, and oil will give the same effects. Besides, through the combustion of

fossil fuels and solid waste will cause emission of nitrous oxide. It happened as well

as during agricultural and industrial activities (USEPA, 2002).

1.2 Problem Statement

Natural resources are being depleted fast to meets demands since the human

population is constantly growing.  The more food we consumed, the more waste is

generated.  Before the waste is dumped in the landfill, first, it must be sent to the

municipal waste collection centre by the state agency.  However, the condition of the

waste determines whether the waste will be sent off to landfill site, dumping area or

waste treatment available in the country.



5

However the municipal solid waste will emit greenhouse gases which can

contribute to global climate change.  The climate change issue is not something new.

For the past 100 years or so, the earth’s temperature has increased (USEPA, 2002)

and no doubt that will prolong and become warmer. This happens because of the

heat from the trapped GHG in the atmosphere which caused the destruction of the

ozone layer, which lead to the increase earth’s temperature. In consequences, the

warmer climate change may cause severe heat waves, change in weather of seasons

in some places which later gave a serious impact on human health and

environmental.

At present, management of the vast quantities of solid waste generated by

urban communities is a very complex process. Serious public health and

environmental problems might occur if these wastes are not handled and disposed

properly. As to minimize this problem, a thorough knowledge of the problem and its

individual elements is necessary.

The fiscal impact of any municipal waste program must be carefully

considered. Planning for municipal solid waste management requires an analysis of

budgetary constraints and the potential impact of alternatives. Financing options,

including states and federal funding, as well as technical alternatives should be

assessed.

The generation of waste will increase from time to time and year to year. At

the same time, waste recovery for recycling and composting will also increased.

Thus, varieties of programs and technologies are available, and there is a

considerable market for more technologies. For example, the volume of total waste

may be reduced by approximately 90% in waste to energy facilities, but the

remaining 10 percent, as well as the materials that cannot be incinerated must still be

disposed somehow (Kanti, 2000). Only two realistic options are available for the

long term handling of solid waste and residual matter which are disposal on or in the

earth’s mantle and disposal in the ocean. But, most of the federal law in developed

countries prohibits the latter. Therefore, a landfill is needed for disposal of the

residue left by waste-to-energy and other material recovery.
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Waste generation will proportionally increase with the expansion of

population and development of economic as stated earlier. Human health and

environmental will be at risk if the solid waste is not managed properly. Variety of

problems can occur from the uncontrolled dumping and poor waste management

such as water contamination and blocked canals or gullies which lead to increase in

flooding and cause more bad impacts including attracting insects and rodents.  In

addition it may result in safety hazards from fires or explosions. The increase of

GHG emissions, which contribute to climate change, can be prevented via proper

planning and execution of comprehensive integrated waste management which

involve collection, transportation and disposal activities as well as recycling and

reduction of waste. In short, the ISWM program can help reduce GHG emissions

and slow the effects of climate change.

In order to achieve the removal and disposal of unwanted material also

known as wastes, technical, environmental, administrative, economic and political

problem must be solved. This practice of solid waste management encompassed the

planning, design, financing, construction and operation of facilities for the collection,

transportation, and processing, recycling and final disposal of residual solid waste

materials. All this is based on sound principles of public health, engineering,

economics, aesthetics, conservation and environmental considerations, along with

social and ethical issues (Tchobanoglous, 1993).

In Malaysia, Department of Solid Waste Management (JPSPN) under the

Ministry of Housing and Local Government (MHLG) is the authority which is

responsible for managing municipal solid waste. Basically, this department is the

one responsible for policy and planning of SWM in the country while Corporation

(PPSPPA) will be the one responsible on the enforcement and the concessionaire will

do the work like waste collection etc. Based on the act issued by this department, the

local authorities have to ensure that the municipal waste within their respective

jurisdiction is collected and disposed hygienically by themselves or by private

companies that have been contracted to do so.
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However, starting September 2011, the concessionaire had taken over to

collect wastes with fulfilling of the certain Key Performance Indicators (KPIs) which

are useful in measuring the performance of waste management programmes and

activities. The KPIs will provide an indication of their applicability and

effectiveness. The two categories of the indicators are known as operational

indicators which consist of recycling rate, waste minimisation costs per population

served and level of public awareness on waste minimisation and the other is

environmental indicators that consist of rate use landfill space and frequency and

magnitude of illegal dumping (MHLG, 2006). It is recognized that local authorities

(LAs) may begin with a minimum number of KPIs and revise or add more when LA

capacity improves.

The enforcement is done and implement phase by phase. On the first year

should be focus on the transition of the takeover from LAs to federal/by

concessionaires. On the second year will be implement first to MPJB while to the

municipal will be on the third year. On the fourth year as next phase, it will go to the

district.

Currently, municipal solid waste in Peninsular Malaysia is being managed by

three companies that have been given the concessions by the authority.  These three

companies namely Alam Flora Sdn. Bhd., Southern Waste Management (SWM) Sdn.

Bhd., and Idaman Bersih Sdn. Bhd. are responsible for central regions, southern

regions and northern regions respectively. Meanwhile, in west east Malaysia which

are Sabah and Sarawak, the municipal solid waste has been managed by their local

authorities.  Mainly, the data needed for this research will be collected through this

corporation which will be about composition of components in MSW generated by

various sources, MSW generation rate per capita, characteristics and current solid

waste management in Malaysia. The data will be assessed by Life Cycle Assessment

(LCA) to obtain the impact of solid waste management activities in Malaysia

towards the environment.  Consequently, the finding of the analysis can be used to

determine the best solid waste management scenario that post minimum impact to

the environment. As for this research, data collection was done based in Johor Bahru

which is under the responsibility of SWM Sdn. Bhd. for waste collection.
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1.3 Research Objective

The main objectives of this research include:

i. To perform inventory of inputs/ outputs of MSW management in

Johor.

ii. To develop different model of MSW management scenario through

ISWM approach.

iii. To assess the environmental impacts of MSW scenarios using LCA.

iv. To select the best scenario that optimized GHG emissions reduction.

1.4 Research Scope

The scopes of this research include:

i. Collecting data of population and solid waste generated per capita in

Johor Bahru.

ii. To analyze and projecting current data for the future solid waste

management of year 2015, 2020 and 2025.

iii. To identify the environmental impact caused by the improper

handling of waste management in Johor Bahru.

iv. To describe the link between solid waste management and climate

change by GHG emissions through an inventory of inputs/outputs of

MSW management.
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v. To optimize the GHG emission reduction in an integrated solid waste

management by implementing life cycle approach using GaBi

software as a tool.

1.5 Research Contribution

Today, the dumping of waste into any body of water is no longer allowed.

Early incinerators were a source of noticeable air pollution, and the sanitary landfill

was developed as a relatively inexpensive alternative to incineration, especially for

communities with sufficient land areas. Thus, this research aims to develop an

integrated solid waste management plan with the specific goals of protecting human

health, water supplies, decrease landfill area, increase 3R (Reduce, Reuse,

Recycling) activities as well as reducing the future GHG emissions based on the

collected current data. Several of factors will be consisted in the process such as the

impact on public health, economics, conservation and environmental along with

social and ethical issues as stated earlier.

1.6 Thesis Layout

Before starting the thesis, here is the layout of setting out each chapter,

section and sub-sections. This part will help to introduce the reader systematically to

the necessary background and make the ideas and conclusions acceptable.

First chapter is the introduction which introduce to the topic, telling the

reader precisely on what’s going on with the research and why is it worth doing.  It is

like a project proposal explaining the purpose of study by including research

background, problem statement, specifying the objective of the study within a certain

scope and possible contribution in the end.
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Literature review as for chapter two identifies the research that already has

been completed and provides an analysis of all current information relevant to the

topic. In this chapter consist of several sections such as introduction of municipal

solid waste, the current practice of solid waste management, plan on the integrated

solid waste management and issue on greenhouse gas emission.  In addition,

literatures on life cycle assessment, the software and case study of different countries

also discussed in this part.

In chapter three explain to readers the method used to gather info and data to

answer research questions. In research design section, overall view of the method

used was showed in the beginning to describe all about the method. There also

method on data collection and data evaluation that showed how the method was

executed.

Next chapter of results and discussions is said as the body of the thesis,

consist of final results of the research, analysis and sub-conclusion. The projection

of waste generation, scenario analysis and optimization of the GHG emission were

include as part of it. It was made as logical, cumulative and simple as possible.

Last but not least in chapter five, conclusions were made to tell the reader

what have discovered in each phase of the research process. It also gives an

overview of the research process clearly regarding the research problem, sub-

problems or hypothesis.



REFERENCES

Abou Najm, M., and El-Fadel, M. (2004). Computer-based Interface for an

Integrated Solid Waste Management Optimization Model. Environmental

Modelling & Software. (19), 1151 – 1164.

Abushammala, M. F. M., Basri, N. E. A., Kadhum, A. A. H., El-Shafie, A. H.

(2010). Estimation of Methane Emission from Landfills in Malaysia Using

the IPCC 2006 FOD Model. Journal of Applied Sciences. 10 (15), 1603 –

1609.

Afroz R. and Masud M. M. (2011). Using A Contingent Valuation Approach for

Improved Solid Waste Management Facility: Evidence from Kuala Lumpur,

Malaysia. Waste Management. 31, 800-808.

Agamuthu, P., and Nather Khan. (1997). Effective Solid Waste Management.

Malaysia: Ecotone Management Sdn. Bhd.

Al-Salem, S.M. and Lettieri, P.  (2009). Life Cycle Assessment (LCA) of Municipal

Solid Waste Management in the State of Kuwait. European Journal of

Scientific Research. Vol. 34 (3), 395 – 405. Euro Journals Publishing, Inc.

Antonellis, D. and Verlee, N. (2011). Estimation of the Aftercare Period of Danish

Landfill

Arena, U., Mastellone, M. L. and  Perugini, F. (2003). The Environmental

Performance of Alternative Solid Waste Management Options: A Life Cycle

Assessment Study. Chemical Engineering Journal. (96), 207–222



92

ASTM (1988). Standard Test method for Determination of the Composition of

Unprocessed Municipal Solid Waste. ASTM Standard D 5231-5292

(Reapproved 1998). American Society for Testing and Materials. U.S.

Aye, L. and Widjaya, E. (2006). Environmental and Economic Analyses of Waste

Disposal Options for Traditional Markets in Indonesia. Waste Management.

26(10), 1180-1191.

Bagchi, A. (2004). Design of Landfills and Integrated Solid Waste Management. (3rd

edition). New Jersey: John Wiley & Sons,Inc.

Baker, J. WW. And Lepech, M. D. (2009). Treatment of Uncertainties in Life Cycle

Assessment. Stanford University, Stanford, USA.

Banar, M., Cokaygil, Z., Ozkan, A. (2009). Life Cycle Assessment of Solid Waste

Management Options for Eskisehir, Turkey. Waste Management. (29), 54-62.

Barton, J.R., Dalley, D., Patel, V.S. (1996). Life Cycle Assessment for Waste

Management. Waste Management. (16), 35-50.

Bjorklund A. and Finnveden G. (2005). Recycling Revisited-life Cycle Comparisons

of Global Warming Impact and Total Energy Use of Waste Management

Straegies. Resource Conserv Recycl. 44 (2), 309-317

Bovea, M. D., and Powell, J. C. (2006).  Alternatives Scenarios to Meet the Demands

of Sustainable Waste Management. Journal of Environmental Management.

(79), 115 – 132.

Calabro, S. P. (2009). Greenhouse Gases Emission from Municipal Waste

Management: The Role of Separate Collection. Waste Management. (29),

2178 – 2187.



93

Carlsson, R. M. (2005). Economic Assessment of Municipal Waste Management

Systems- Case Studies using a Combination of Life Cycle Assessment (LCA)

and Life Cycle Costing (LCC). J. Clean Prod. 13, 253-263.

Chen, T. C,. and Lin, C. F. (2008). Greenhouse Gases Emissions from Waste

Management Practices Using Life Cycle Inventory Model. Journal of

Hazardous Material. (155), 23 – 31.

Cherubini, F., Bargigli, S., Ulgiati, S. (2009). Life Cycle Assessment (LCA) Of

Waste Management Strategies: Landfilling, Sorting Plant and Incineration.

Energy. (34), 2116 – 2123.

Chung, T. M., and Saad, A. Y. (2008). Recuperative Energy Potential from a Typical

Landfill in Malaysia. International Conference on Environment 2008 (ICENV

2008).

Cleary, J. (2009). Life Cycle Assessments of Municipal Solid Waste Management

Systems: A Comparative Analysis of Selected Peer-reviewed Literature.

Environmental International. 35, 1256-1266.

Composting Yard Trimming and Municipal Solid Waste. (May 1994), Solid Waste

and Emergency Response, United State Environmental Protection Agency

(USEPA). Retrieved July 21, 2010, from

http://www.epa.gov/airtoxics/burn/burnalt1.pdf

Crowley, D., Staines, A., Collins, C., Bracken, J., Bruen, M, Fry, J., Victor Hrymak,

Malone, D., Magette, B., Ryan, M., and  Thunhurst, C. (2003) Health and

Environment Effects of Landfilling and Incineration of Waste – A Literature

Review. School of Food Science and Environmental Health, Dublin Institute

of Technology.

Curran, M. A. (1996). Environmental Life Cycle Assessment, McGraw Hill

Companies, Inc.



94

Daniel Hoornweg and Perinaz Bhada-Tata (2012, March). WHAT A WASTE: A

Global Review of Solid Waste Management. Urban Development & Local

Government Unit, World Bank, Washington. Retrieved June 12, 2012 from

www.worldbank.org/urban

Daskalopoulus, E., Badr, O., Probert, S.D. (1998). An Integrated Approach to

Municipal Solid Waste Management. Resources, Conservation and

Recycling. (24), 33 – 50.

Department of Statistics Malaysia.  Retrieved December 6, 2012 from

www.statistics.gov.my_portal_download_Stats_Negeri_files_State_2010_Johor_06P

enduduk

Dreyer, L. C., Niemann, A. L., and Hauschild, M. Z. (2003). Comparison of Three

Different LCIA Methods: EDIP97, CML2001 and Eco-indicator 99. Does it

matter which one you choose?. LCA Discussion, Denmark.

Environmental Benefits of Recycling Study for the St. Louis-Jeferson Solid Waste

Management District City of St. Louis, Jefferson County, St. Louis County

and St. Charles County (2005). Retrieved November 5, 2011 from

http://swmd.net/documents/EBRReport-Feb05.

Eric, S. M. (1996). Life Cycle Assessment of Municipal Solid Waste Management

Alternatives: An Integrated Optimization Model. Degree of Master of

Science. North Carolina State University.

Eriksson, O., and Bisaillon, M. (2011).  Multiple System Modelling of Waste

Management. Waste Management. (31), 2620 – 2630.

Eriksson, O., Reich, M. C., Frostell, B., Bjorklund, A., Assefa, G., Sundqvist, J. O.,

Granath, J., Baky, A., Thyselius, L. (2005). Municipal Solid Waste

Management from a Systems Perspective. Journal of Cleaner Production.

(13), 241 – 252.



95

European Commission, Joint Research Centre, Institute for Environment and

Sustainability. ILCD Handbook: Analysing of Existing Environmental

Impact Assessment Methodologies For Use in Life Cycle Assessment.  Italy.

2010.

Executive Summary. National Strategic Plan for Solid Waste Management. (2005,

August), Local Government Department Ministry Of Housing And Local

Government,Malaysia

Finnveden, G., Johansson, J., Lind, P., Moberg, A. (2005). Life Cycle Assessment of

Energy From Solid Waste-Part 1: General Methodology and Results. Journal

of Cleaner Production. (13), 213-229.

Finnveden, G., Hausvhild, M. Z., Ekvall, T., Guinee, J., Heijungs, R., Hellweg, S.,

Koehler, A., Pennington, D., Suh, S., (2009). Recent Developments in Life

Cycle Assessment. Journal of Environmental Management. (91), 1 – 21.

Francisco, J. P. A. (2010). Landfills vs. Incinerators: Identification and Comparison

of The Hazards Posed by The Toxic Emissions Associated with The Disposal

of Municipal Solid Wastes in Puerto Rico. Degree of Masters. Metropolitan

University San Juan, Puerto Rico.

GaBi 4 Manual, Retrieved December 6, 2010, from http://ocw.upm.es/ingenieria-

quimica/produccion-limpia-ecologia-industrial-y-

desarrollosostenible/contenido/Introduction_to_GaBi_4.pdf

GaBi 4 software. Retrieved April 11, 2011, from http://www.gabi-
software.com/fileadmin/gabi/tutorials/Paperclip Tutorial Handbook 4.4.pdf

Gidarakos, E., Havas, G., and Ntzamilis, P. (2006).  Municipal Solid Waste

Composition Determination Supporting the Integrated Solid Waste

Management System in the Island of Crete. Waste Management.  (26), 668 –

679.



96

Guinee, J. B. (2002). Handbook on Life Cycle Assessment: Operational Guide to the

ISO Standards, Dordrecht: Kluwer Academic Publishers.

Hamer, G.  (2003). Solid Waste Treatment and Disposal: Effects on Public Health

and Environmental Safety. Biotechnology Advances. 71 – 79.

Hadjibiros, K., dermatas, D. and Laspidou, C. S. (2011). Municipal Solid Waste

Management and Landfill Site Selection in Greese: Irrationality Efficiency.

Global Nest Journal. 13(2), 150-161.

Handbook for LCA, GaBi Education (2010). PE International. Retrieved December

6, 2010, from http://www.gabi-

software.com/fileadmin/gabi/tutorials/Paperclip_Tutorial_Handbook_4.4.pdf

Hassan, M. N., Yusoff, M. K., Sulaiman W. N., and Abdul Rahman, R. (1998).

Issues and Problems of Solid Waste Management in Malaysia. National

Review on Environmental Quality Management in Malaysia: Towards the

Next Two Decades, 179-225.

Hassan, M. N., Chong, T. L., Rahman, M., Salleh, M. N., Zakaria, Z., Awang, M.

(2001). Solid Waste Management in Southeast Asian Countries with Special

Attention to Malaysia. Proceedings Sardinia 2001, Eight International Waste

Management and Landfill Symposium. 1 – 5 October. S. Margherita di Pula,

Cagliari, Italy.

Hong, J., Li, X., Zhaojie, C. (2010). Life Cycle Assessment of Four Municipal Solid

Waste Management Scenarios in China. Waste Management. (30), 2362 –

2369.

International Organization for Standardization (ISO). Environmental Management –

Life Cycle Assessment – Principles and Framework.  Switzerland, ISO

14040, 1997.



97

Johari, A., Ahmed, S. I., Hashim, H., Alkali, H., Ramli, M. (2012). Economic and

Environmental Benefits of Landfill Gas from Municipal Solid Waste in

Malaysia. Renewable and Sustainable Energy Reviews. (16), 2907 – 2912.

Kalantarifard, A., and Yang, G. S. (2011). Energy Potential from Municipal Solid

Waste in Tanjung Langsat Landfill, Johor, Malaysia. International Journal of

Engineering Science and Technology (IJEST). 3(12), 8560-8568.

Kanti, L. S. (2000). Basics of Solid and Hazardous Waste Management Technology.

New Jersey: Prentice Hall, Inc.

Kathirvale, S., Muhd Yunus, M.N., Sopian, K., Samsuddin, A.H. (2003). Energy

Potential from Municipal Solid Waste in Malaysia. Renewable Energy. (29),

559 – 567.

Khoo, H. H. (2009). Life Cycle Impact Assessment of Various Waste Conversion

Technologies. Waste Management. (29), 1892 – 1900.

Kirkeby, J. T., Birgisdottir, H., Hansen, T. L., Christensen, T. H., Bhander, G. S.,

Hauschild, M. (2006). Environmental Assessment of Solid Waste Systems

and Technologies: EASEWASTE. Waste Management and Research. (24), 3

– 15.

Kjaer, B. (2013). Environmental Evaluation of MSW Management in a Life cycle

Perspective. EETC/SCP

Latifah, A.M., Mohd, A.A.S, and Nur Ilyana, M.Z. (2009). Municipal Solid Waste

Management in Malaysia: Practices and Challenges. Waste Management.

(29), 2902 – 2906.

Liamsanguan, C. and Gheewala S. H. (2004). Environmental Evaluation of

Municipal Solid Waste Management in Phuket: A Life Cycle Perspective.

The Joint International Conference on Sustainable Energy And Environment

(SEE), 1- 3 December. Hua Hin, Thailand.



98

Liamsanguan, C. and Gheewala S. H. (2006). The Holistic Impact of Integrated Solid

Waste Management on Greenhouse Gas Emissions in Phuket. International

Conference on Green and Sustainable Innovation (ICGSI), November 29 –

December 1. Chiang Mai, Thailand.

Liamsanguan, C. and Gheewala S. H. (2007). Environmental Evaluation of MSW

Management in a Life Cycle Perspective. Proceedings of the International

Conference on Sustainable Solid Waste Management, 5 – 7 September.

Chennai, India, 67 – 74.

Liamsanguan, C. and Gheewala S. H. (2008).  The Holistic Impact of Integrated

Solid Waste Management on Greenhouse Gas Emissions in Phuket. Journal

of Cleaner Production. (16), 1865 – 1871.

Lo, S-C., Ma, H-W., Lo, S-L. (2005). Quantifying and Reducing Uncertainty in Life

Cycle Assessment Using The Bayesian Monte Carlo Method. Science of the

Total Environment (340), 23– 33.

Lombardi, L., Carnevale, E., and Corti, A. (2006).  Greenhouse Effect Reduction and

Energy Recovery from Waste Landfill. Energy.  (31), 3208 – 3219.

Lundie, S., and Peters, G. M. (2005).  Life Cycle Assessment of Food Waste

Management Options. Journal of Cleaner Production. (13), 275 – 286.

Luske, B. (2010). Reduced GHG Emissions due to compost Production and Compost

use in Egypy Comparing Two Scenarios. 16

McDougall, F., White, P., Franke, M., Hindle P. (2001). Integrated Solid Waste

Management: A Life Cycle Inventory, 2nd ed., Blackwell Science, Oxford,

UK.

Manfredi, S., Tonini, D., and Christensen, T. H. (2011).  Environmental Assessment

of Different Management Options for Individual Waste Fractions by Means



99

of Life-Cycle Assessment Modelling. Resources, Conservation and

Recycling. (55), 995 – 1004.

McBean, E. A., Grahame J. F., and Rovers, F. A. (1995). Solid Waste Landfill

Engineering and Design. New Jersey: Prentice Hall, Inc.

Mohareb, A. K., Warith, M. A., and Diaz, R. (2008).  Modelling Greenhouse Gas

Emissions for Municipal Solid Waste Management Strategies in Ottawa,

Ontario, Canada. Resources, Conservation and Recycling. (52), 1241 – 1251.

Nguyen Ngoc, U., and Schnitzer, H. (2009).  Sustainable Solutions for Solid Waste

Management in Southeast Asian Countries. Waste Management.  (29), 1982

– 1995.

Niederl-Schmidinger, A., Narodoslawsky, M. (2008) Life Cycle Assessment as an

Engineer’s Tool? Journal of Cleaner Production (16), 245–252.

Obersteiner, G., Binner, E., Mostbauer, P., Salhofer, S. (2007). Landfill Modeling in

LCA – A Contribution Based on Empirical Data. Waste Management. (27),

58-74.

Parson, H. De B, Rudolph Hearing and Samuel Whinery (2005). Report on

Commission on Street Cleaning and Waste Disposal, the City of New York,

1907, United States. Scholarly Publishing Office, University of Michigan

Library.

PROFU (2004). Evaluating Waste Incineration as Treatment and Energy Recovery

Method from an Environmental Point Of View – Final Version 2004-05-13.

Ralph, E. H. (2009). Life Cycle Assessment: Principles, Practices and Prospects,

Collingwood, Australia: CSIRO Publishing.

Rebitzer, G., Ekvall, T.,  Frischknecht, R.,  Hunkeler, D.,  Norris, G.,  Rydberg, T.,

Schmidt, S. Suh, W. P.,  B.P. Weidema, B.P.,  Pennington, D.W. (2004). Life



100

Cycle Assessment Part 1: Framework, Goal and Scope Definition, Inventory

Analysis, and Applications. Environment International. (30), 701– 720.

Rigamonti, L., Grosso, M., Giugliano, M. (2010). Life Cycle Assessment of Sub-

Units Composing A MSW Management System. Journal of Cleaner

Production (18), 1652–1662.

Rimaityte, I., Denafas, G., Martuzevicius, D., and Kayaliauskas, A. (2010). Energy

and Environmental Indicators of Municipal Solid Waste Incinertion: toward

Selection of an Optimal Waste Management System. Polish J. of Environ.

Stud. 19(5), 989-998.

Rodrigues-Iglesias, J., Maranon, E., Catrillion, L., Riestra, P., and Sastre, H. (2003).

Life Cycle Analysis of Municipal Solid Waste Management Possibilities in

Asturias, Spain. Waste Manage Res. 21, 535-548.

Russell, A., Ekvall, T., and Baumann, H. (2005). Life Cycle Assessment –

Introduction and Overview. Journal of Cleaner Production. (13), 1207 –

1210.

Saheri, S., Aghajami, M., Basri, N. E. A., Mahmod, N. Z. B. and Begum, R. A.

(2011). Environmental Assessment of Municipa Solid Waste Disposal Option

in Malaysia. Australian Journal of Basic and Applied Sciences. 5(11), 1069-

1073.

Seadon, Jeffrey K. (2010). Sustainable Waste Management Systems. Journal of

Cleaner Production (18), 1639–1651.

Shekdar, A. V. (2008). Sustainable Solid Waste Management: An Integrated

Approach for Asian Countries. Waste Management. (29), 1438 – 1448.

Solid Waste Management and Greenhouse Gases. A Life Cycle Assessment of

Emissions and Sinks, (3rd edition). United State Environmental Protection

Agency, 2006, September.



101

Sonneman, G., Castells, F., and Schuhmaccher, M. (2004). Integrated Life Cycle and

Risk Assessment for Industrial Process. Bocaraton, Florida: Lewis Publishers.

Su, J-P., Chiueh, P-T., Hung, M-L., Ma, H-W. (2007). Analyzing Policy Impact

Potential for Municipal Solid Waste Management Decision Making: Case

Study of Taiwan. Resources, Conservation and Recycling. (51), 418 – 434.

Sufiana, M.A., Bala., B.K. (2006). Modelling of Electrical Energy Recovery from

Urban Solid Waste System: The Case of Dhaka City. Renewable Energy.

(31), 1573–1580.

Tchobanoglous, G. (1993). Integrated Solid Waste Management: Engineering

Principles and Management Issues. McGraw-Hill, New York.

The Study on National Waste Minimisation in Malaysia. (2006, July), Ministry of

Housing and Local Government, Malaysia & Japan International Cooperation

Agency (JICA).

Thorneloe, S.A., Weitz, K.A., Nishtala, S.R. (2001). U.S. Case Studies Using

Municipal Solid Waste Decision Support Tool. Proceedings Sardinia 2001,

Eight International Waste Management and Landfill Symposium. 1 – 5

October. S. Margherita di Pula, Cagliari, Italy.

Wasted Opportunity. A Closer Look at Landfilling and Incineration. Zero Waste

New Zealand Trust.

Weisstein, E. W. (2010). “Population Growth” from Math World- A Wolfram Wen

Resource. Retrieved December 5, 2012, from

http://mathworld.wolfram.com/PopulationGrowth.html

What a Waste: Solid Waste Management in Asia. (1999, May), Urban Development

Sector Unit East Asia and Pacific Region, USA.



102

What Is Integrated Solid Waste Management? (2002, May). Solid Waste and

Emergency Response, United State Environmental Protection Agency.

Zahari, M. S., Ishak, W. M. F. W. and Samah, M. A. A. (2010). Study on Solid

Waste Generation in Kuantan, Malaysia: ITS Potential for Energy

Generation. International Journal of Engineering Science Technology. 2(5),

1338-1344.

Zaman, A. U. (2010). Comparative Study of Municipal Solid Waste Treatment

Technologies Using Life Cycle Assessment Method. Int. J. Environ. Sci.

Tech. 7(2), 225-234.

Zhao, W., Ester van der Voet, Zhang, Y., Huppes, G. (2009).  Life Cycle Assessment

of Municipal Solid Waste Management with Regards to Greenhouse Gas

Emissions: Case Study of Tianjin, China. Science of Total Environment.

(407), 1517 – 1526.




