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ABSTRACT  

Methane, a gaseous natural by-product of organic solid waste degradation from 

landfills is proven to be an increasingly viable long-term form of renewable energy, 

albeit being the second highest greenhouse gas that contributes to global warming. The 

utilization of the methane released from landfills not only provide a sustainable energy 

production but also reduce the total emission of the gas to the environment. The 

quantification of the biogas emission, and the potential stored energy, from a landfill 

of a municipality or district will indicate whether that municipality is sustainable with 

the aforementioned form of energy. The objectives of this study were to determine 

total solid waste generation in Ketereh district, to calculate the methane emissions 

based on the total of solid waste generation at the landfill, and to propose a new 

methane-based power plant for the district. Municipal solid waste (MSW) data was 

obtained from the Ketereh City Council (MPIK). The methane emission was estimated 

using the Intergovernmental Panel on Climate Change (IPCC) methodology. The gas 

collection wells are designed based on the guidance from the Environment Protection 

Agency. The collected gas was purified   using activated carbon before being fed into 

either an internal combustion engine or a gas turbine engine. Based on this study, the 

total methane emission per tons waste is estimated to be 79.98 m3, producing an 

average of 3.67 MW energy for 30 years.  
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ABSTRAK 

Metana, sejenis gas yang terhasil secara semulajadi sebagai hasil sampingan 

melalui pelupusan sisa pepejal organik dari tapak-tapak pelupusan boleh menjadi 

sumber tenaga boleh diperbaharui walaupun ianya gas rumah hijau kedua terbanyak 

dalam pemanasan global. Penggunaan metana yang dibebaskan dari tapak pelupusan 

bukan sahaja menyediakan punca tenaga boleh diperbaharui, malah mengurangkan 

jumlah gas rumah hijau yang terbebas ke alam sekitar. Pengiraan jumlah pelepasan 

biogas, dan juga jumlah tenaga potensi yang terkumpul akan menunjukkan kesediaan 

sesuatu kawassan itu untuk bergantung kepada tenaga boleh diperbaharui. Objektif 

kajian ini adalah untuk mengenalpasti jumlah penghasilan sisa pepejal di daerah 

Ketereh, untuk menentukan nilai pembebasan metana, dan juga untuk mencadang 

pembinaan pusat penjanaan elektrik berteraskan metana di daerah tersebut. Jumlah 

sebenar diperoleh daripada Majlis Pembandaran Islam Ketereh (MPIK). Jumlah 

pembebasan metana dan dianggar menggunakan metodologi Intergovernmental Panel 

on Climate Change (IPCC). Telaga pengumpulan gas direka mengikut spesifikasi yang 

disyorkan oleh Agensi Pelindungan Alam Sekitar. Gas terkumpul menjalani penulenan 

menggunakan karbon aktif sebelum disalurkan ke enjin pembakaran dalaman atau 

enjin turbin gas. Berdasarkan kajian ini, 79.98m3 akan terhasil untuk setiap tan sisa 

yang terlupus, menghasilkan 3.67 MW tenaga secara purata untuk 30 tahun.  
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CHAPTER 1  

 

 

 

INTRODUCTION 

1.1 Background of Study 

Global warming poses a grave danger to human life. Greenhouse gas emissions 

(GHG) contribute to the bulk of the issue. Human-emitted GHGs include carbon 

dioxide ( CO2), methane (CH4 ) , nitrous oxide (N2O), and many other halogenated 

substances containing fluorine (United States Environment Protection Agency, 2017). 

According to the Intergovernmental Panel on Climate Change (2013), these gasses 

exist naturally in the atmosphere although in a relatively much lower concentration as 

part of the ecosystem's natural order, however, their natural composition has been 

severely impacted by human activities, drastically increasing the heat-retaining gas 

particles in the atmosphere. CH4, although less concentrated compared to CO2, retains 

heat even better than its counterpart; with a capacity for global warming up to 21 times 

that. This is made worse when site emissions from municipal solid waste ( MSW) are 

50-75 per cent CH4 and only 25-50 per cent CO2 per volume, as stated by Kumar and 

Sammadder (2017). In addition, per capita waste generation rises along with 

population growth and area creation, eventually resulting in more CH4 emissions from 

landfill. 

Research in the effort to tackle the methane problem were performed in several 

ways. One interesting idea is to turn the methane that has been released into electricity. 

There is a large amount of energy content contained in methane that can be a potential 

source of renewable energy, unfortunately, it is estimated that only 0.007 per cent of 

the overall national level of GHG has been reduced in the process of electricity 

production (Ahmed et. al, 2014). Methane is an important GHG and its effect on global 

warming is ranked second only to carbon dioxide (Chai et al., 2010). Table 1.1 shows 

the global estimation of methane sources and sink. 
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Table 1. 1 Global estimates of methane source and sink (Reay, 2010) 

Natural sources Methane flux (Tg CH4 yr-1) Range 

Wetlands 174 100-231 

Termites 22 20-29 

Oceans 10 4-15 

Hydrates 5 4-5 

Geological 9 4-14 

Wild Animals 15 15 

Wild fire 3 2-5 

Total (natural) 238 149-319 

Anthropogenic sources   

Coal mining 36 30-36 

Gas, oil, industry 61 52-68 

Landfills and waste 54 35-69 

Ruminant 84 76-92 

Rice agriculture 54 31-83 

Biomass burning 47 14-88 

Total, anthropogenic 336 238-446 

Total, all sources (AR4) 574 (582) 387-765 

Sinks   

Soils -30 26-34 

Tropospheric OH -467 428-507 

Stratospheric loss -39 30-45 

Total sink (AR4) -536 (581) 484-586 

Imbalance (AR4) 38 (1) -199-281 

 

 

Anthropogenic methane gas emissions may be due to the oil , natural gas, and 

coal mining and transportation processes. Livestock farming, primarily livestock 

farming and other organic waste producing agricultural operations, and degradation of 

organic waste in urban solid waste landfills as reported by the United States 

Environmental Protection Agency (2016). The Intergovernmental Panel on Climate 
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Change (2014) also noted that the rise in atmospheric methane levels stems from 

agricultural activities, waste management, energy use, and burning of biomass. Figure 

1.1 shows the global gas emissions in 2014 and methane is the second largest gas 

emissions after carbon dioxide. 

 

Figure 1. 1 Global greenhouse gas emissions in 2014 (Intergovernmental Panel 

Climate Change, 2014) 

Malaysia is a developing country where increasing population and 

manufacturing sector growth have led to increased demand for energy supply 

(National Energy Efficiency Action Plan, 2014). Most landfills in developing 

countries minimize methane emissions by burning the expelled gas or flaring it out. A 

number of landfills are beginning to opt for the collection , treatment, and purification 

of the released gases to sell the methane. Many landfills, too, use methane gas directly 

to produce electricity.  
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It has also been stated that rapid growth, accredited to industrialization and 

high-density development over a 40-year period, has increased electricity demand and 

use nationwide (World Bank, 2016). Figure 1.2 shows that renewable energy 

potentially harvested from municipal wastes is much less in comparison to other 

industries in Malaysia. 

 

Figure 1. 2 Renewable energy sources potential in Malaysia (Alireza & Farzaneh, 

2016) 

Conversion of landfill biogas such as methane for energy production is an 

opportunity that not only decreases greenhouse gas emissions from landfills but also 

fulfills the need for a clean source of energy to heat residential areas near landfill sites 

(Broun and Sattler, 2015). 
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1.2 Problem Statement 

The methane emissions in Asian countries were reported by many researchers 

(Du et al., 2017; Ghosh et al. , 2018; Abushammala et al., 2015). A research 

undertaken by Du et al. ( 2017) provides a ten-year review of rising methane emissions 

across several Chinese provinces using the 2006 Intergovernmental Panel on Climate 

Change due to residential and economic advances. Abushammala et al. ( 2015)'s study 

addresses the problem in Malaysia , in particular in the state of Selangor, also found 

that methane levels can be accurately estimated using the 2006 estimation method of 

the Intergovernmental Panel on Climate Change. Ghosh et al. ( 2018) conducted 

another study in India which yielded results supporting the idea of sustainable waste 

management along with energy generation using methane gas from landfill. 

Developed nations, including the United States of America and the countries 

of the European Union, have long turned to transform their waste methane into either 

heat or electricity rather than flaring or burning it. Some of the developing nations are 

also catching up in this way, for example the Philippines' Payatas Landfill and South 

Africa's Marrianhill Landfill.  Malaysia, too, is one of the developing countries that is 

beginning to embrace this relatively new waste management definition. Nevertheless, 

this waste management approach was only implemented by local government bodies, 

making it impossible to enforce it simultaneously nationally. The biogas plants, in 

Selangor and Negeri Sembilan for example, have the capacity to power residential 

areas around the landfill, reducing reliance on the main power provider, Tenaga 

Nasional Berhad. 

The advantages of catching and turning methane in energy from landfill are 

developed across a lot of theoretical and practical bases. No such scheme has ever been 

implemented in Kelantan, even more so in Ketereh district, so quantification of 

methane needs to be done in order to suggest a biogas plant at the landfill. This research 

was therefore undertaken to measure the methane emissions from landfill and to 

suggest a new method for generating electricity. 
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1.3 Aim and Objectives of Study 

The main aim of this study is to measure methane emissions from municipal 

solid waste in district Ketereh for a new method of generating electricity. The goals 

are defined as follows, in order to achieve the objectives of this study; 

i. To determine the total municipal solid waste generation in the district of 

Ketereh. 

 

ii. To calculate methane emissions based on the total volume of the solid waste 

production from the landfill. 

 

iii. To propose a new methane processing plant for energy production. 

1.4 Scope of Study 

The following are scopes of study in order to achieve the objectives; 

i. The study location is exclusively the Ketereh Landfill in Kelantan. The data 

for the monthly total municipal solid waste was obtained from Ketereh City 

Council. 

ii. The methods implemented for the calculation of methane emissions is based 

on Intergovernmental Panel on Climate Change (IPCC) 2006.  
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1.5 Significant of Study 

This research is significant as it can help provide the authorities with 

knowledge in addressing the environmental problems related to methane emissions. In 

addition, it can indirectly reduce the effect of landfill gas-induced diseases on wildlife. 

This work helps the authorities to consider using methane gas as part of a new 

generation.  
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