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ABSTRACT 

Emission of landfill gas (LFG), a greenhouse gas (GHG), from unmanaged Landfills is a 

major challenge particularly in growing economies. On the other hand, this is a potential 

resource for renewable energy. Landfill gas (LFG) which is essentially methane (50 - 55%) and 

carbon dioxide (40 - 45%) is generated in landfills by biodegradation processes of municipal 

solid waste, MSW. Landfill gas generation/emission concepts and the quantification of its 

potentials as a green energy resource for environmental sustainability in Johor state is the aim of 

this study. Using Intergovernmental Panel on Climate Change (IPCC) methodology, it was 

discovered that there is a significant emission of LFG from the 14 landfill sites in operation in 

the state. Based on 1,086,205 metric tons of MSW received per year by the landfills, 46,320 

metric tons of methane LFG per year is emitted. 60% of this emission, when captured, has the 

potential to generate over 171 million kWh of electricity per year worth over US$17 million 

(RM51 million) when well utilized. In addition, it can lead to carbon dioxide reduction of 

583,632 metric tons per year equivalent to carbon credit of over US$7.7 million (RM23 million). 

Furthermore, the exploitation of this resource, besides the economic and environmental 

advantages, will help in reducing the dependence on the depleting fossil fuel and hence 

broadening the fuel base of the country. 
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INTRODUCTION 

Municipal Solid Waste (MSW) disposed of in landfills is a source of environmental problems in 

most developing countries [1]. In Malaysia, 80 – 90% of the MSW is disposed of in landfills and 

only about 10% of these landfills are sanitary [2, 3]. These landfills ought to be upgraded for 

better management. Landfills are inevitable since there are wastes that cannot be incinerated or 

composted and in addition landfills are the cheapest waste disposal option – with average cost of 

RM35 per metric ton of waste compared to composting RM216 per metric ton and incineration 
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RM500 per metric ton of waste  [4]. Leaving the landfills in their present state will worsen the 

problem faced especially by the release of landfill gas (LFG), a greenhouse gas (GHG), both at 

the local and global environment. 

LFG is made up of methane (50%), CO2 (45%), N2 (5%), H2S (< 1%) and non-methane organic 

compounds, NMOCs (2700 ppm) [5].These gases have a lot of adverse effects when they find 

their ways to the environment. Apart from its global warming threat, LFG can migrate from 

disposal facilities to adjacent neighborhoods endangering human lives. Fire incidents and 

explosions are also hazards due to this gas. Incidents of gas explosions were experienced at 

Skellingsted Landfill, Denmark and Loscoe, England in 1986 [6]. LFG constituents of main 

concern are methane and CO2 mainly because of their accumulation rate in the environment. 

Methane has 21 times global warming potential than CO2 and it is building up in the 

environment more rapidly than the latter. 

On the other hand, LFG is a source of renewable energy which can be used for electricity 

generation, a source of heat or a feedstock for fertilizer and methanol production. Methane LFG 

is produced by anaerobic biodegradation of MSW in landfills and the amount of the gas 

produced can be estimated from a number of methods including Intergovernmental Panel on 

Climate Change Methodology [5, 7]. The conversion of LFG into renewable resource depends 

on the management of MSW landfills. 

Land filling is the main MSW disposal method in Johor and Malaysia in general. About 80 – 

90% of the MSW in Malaysia is land-filled and mostly open dumping [2, 3]. Less than 10% of 

these landfills are sanitary as such only a small portion of the LFG is utilized, the larger part 

escapes into the atmosphere [3] and thus becoming a threat to the globe. These landfills can be 

properly managed, by converting them to sanitary and capturing the LFG for electricity 

generation onsite or channeled to industries for same or other purposes. In this way, revenue is 

generated and the threat to environment due to its emission is mitigated. 

Johor is one of the developed states in Malaysia and has 14 landfill sites in operation. These 

landfills are potential source of renewable energy worthy of exploitation. From the study of 

Ahmed et al. [8], MSW generated in Johor has the potential to produce up to 30,981 metric tons 

of methane per year which can produce electricity of 191 million kWh (or 22MW). In addition to 

the electricity, the renewable resource can be used for steam generation which can be consumed 

by the local industries around the landfill site. Direct usage of the LFG for heating purposes is 

another option which is considered as the most economical provided the source(s) and the end-

users of the gas are not more than 2-3 km apart [9]. 

This study discusses MSW land filling processes and practices and also estimates the renewable 

energy potentials of LFG from Johor landfills in Peninsular Malaysia. 

BACKGROUND INFORMATION ON JOHOR STATE 

Johor is a state in western or Peninsular Malaysia located in the southern part of the country. It is 

one of the developed and most populated states in the country with its capital situated in Johor 

Bahru. The state is bordered in the north by Pahang state, in the northwest by Malacca (Melaka) 
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and Negeri Sembilan and in the south by straits of Johor which separates Johor from Singapore. 

The average distance between Johor and Singapore is less than 50km. 

Johor is the fifth largest state by land mass and third most populated state in Malaysia with an 

area of 19210km
2
 and population of 3.2million people (in 2010). The population of the state is 

made up of 54% Malays, 35% Chinese, 7% Indian and 4% other races. The state is located 

between latitudes 1
o
20’N and 2

o
35’N. The highest point is GunungLedang at a height of 1,276m 

above sea level. Tropical rainforest climate exists in the state with an average annual rainfall of 

1778mm, temperature between 25.5
o
C and 27.8

o
C and humidity of between 82 – 86%. 

 

 

Fig1: Map of Peninsular Malaysia showing (a) Johor state and (b) some of the Districts of the 

state  

 

MUNICIPAL SOLID WASTE GENERATION AND CHARACTERIZATION 

The amount of LFG generated is a function of the quantity and characteristics of MSW generated 

and consequently deposited in the landfills among other things. MSW generation in Peninsular 

Malaysia varies slightly depending on literature. In 2000, MSW of about 6.369 million metric 

tons per year was generated [10]. It was also shown that in 2002 Peninsular Malaysia generates 

MSW of 17,000 metric ton per day (6.0 million metric tons per year) and the per capita stands 

between 0.5 to 0.8kg per day and it is up to 1.7kg per day in big cities [9, 11, 12]. It was 

projected that about 31,000 metric tons of MSW per day can be generated in 2020 [13]. 

Recent MSW information in Malaysia is rare and for this reason estimated or assumed values are 

used. A per capita of between 0.8 to 1kg MSW per day was assumed for methane emission 
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estimation in Malaysia [6]. Johor is one of the states in Malaysia that generates significant 

amount of MSW. In the year 1998 and 2000 it generated 927,000 metric tons and 1,005,000 

metric tons of MSW respectively making it the second highest generator of MSW in Malaysia 

after Selangor [10].  

Waste generation is dependent on the population, urbanization and economic growth. In 2010 

Malaysia’s population was estimated to be 28.96 million people with an average growth rate of 

2.3% and an urbanization rate of 63.8% [10]. Johor State on the other hand, in 2010 had an 

estimated population of 3.46 million people and an average growth rate of 2.6% making it 

second after Selangor [10] in terms of population. The increase in population and hence MSW in 

Johor is likely to increase more than estimated due to the government’s “Iskandar regional 

development “(IRD) plan in the state. 

The Malaysian waste is characterized to have high amount of biodegradable organics (biomass) 

making it favorable for land filling or composting. Biomass is the most important part of the 

waste in terms of LFG production. The characterization of a typical Malaysia MSW (Fig. 2) 

shows that 61.17% of the waste is made up of biomass materials, i.e. food/organic, papers and 

wood & yard waste. It  contains also up to 55.01%  of moisture [12] making it easily 

biodegradable in landfills with consequent methane LFG generation. 

 

 

Fig 2:A summarized characterization of a typical Malaysian MSW. Adapted from [12] 

 

MUNICIPAL SOLID WASTE MANAGEMENT IN JOHOR 

MSW in Johor and the rest 12 states of Malaysia is managed under the authority of the Federal 

Ministry of Housing and local government. Previously, the Local Authorities were wholly in 

charge of this duty. They became incapable due to financial and other problems. The ministry 
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does not run the daily affaires of the waste management but contracts it to private firms who do 

this. These firms collect, transport and disposed the waste, mostly in landfills. However, toxic 

wastes are handled by the Department of Environment in which all the toxic wastes are 

contracted to KualitiAlamSdnBhd for disposal at BktNenas in Negeri Sembilan State.  

MSW disposal is mainly in landfills. About 80 – 90% of the MSW generated is deposited in 

landfills [2]. This proportion is high and has led to increase in number of landfills. Present 

practice in most countries is to reduce the volume of waste disposed of in landfills. In Singapore, 

for instance, in the year 2000, less than 10 % of the waste generated goes to the only (one) 

landfill that the country has, the Semakau landfill. About 40% of the waste is recycled and the 

rest incinerated [14, 15]. Furthermore, in the US, in 2010, 29.07% of the generated MSW was 

recovered and recycled, 5.3% was composted, 14.5% was incinerated, and 50.5% goes to landfill 

and other options [16]. 

Table 1 shows the number of both operational and closed landfill sites in Johor and other states 

in Malaysia (including the Federal Capital, Kuala Lumpur and the Federal Territory, Labuan). 

 

Table1. Number of landfill sites by states in  Malaysia [17] 

State Operational Closed Total 

Johor 14 23 37 

Kedah 9 6 15 

Kelantan 13 6 19 

Melaka 2 5 7 

Negeri Sembilan 7 11 18 

Pahang 16 16 32 

Perak 17 12 29 

Perlis 1 1 2 

Pulau Pinang 2 1 3 

Sabah 19 2 21 

Sarawak 49 14 63 

Selangor 8 14 22 

Terengganu 8 12 20 

Kuala Lumpur 0 7 7 
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State Operational Closed Total 

Labuan 1 0 1 

Total 166 130 296 

 

The table shows that Malaysia has a total of 296 landfills in which 166 are still operational and 

130 are closed. Johor is second after Sarawak in terms of landfill sites. Sarawak has a total of 63 

with 49 in operation and 14 closed. Johor has a total of 37, with 14 in operation and 23 closed.  

In Johor, prior to 1995 most of the landfills were managed by PihakBerkuasaTempatan, PBT, 

(the local authorities) but later Southern Waste Management SdnBhd took over the management 

of most of them. Table 2 and 3 give some details about Johor landfills. 

 

 

Table2. Closed landfill sites in Johor and some of their Details [17] 

S/N Landfill name Location Area 

(ha) 

Waste  

(ton/d) 

Manager Opene

d 

Expecte

d closure 

1 JlnTahana Johor Bahru 40.6 430 PBT 1970 1998 

2 UluTiram UluTiram, Johor 

Baharu 

17.4 1200 SWM 1997 2003 

3 Lima Kedai Lima Kedai, 

GelangPatah 

2.5 100 PBT 1992 1997 

4 Kempas JalanKempas 

Lama, Johor 

Baharu 

0.9 60 PBT 1988 1997 

5 Tmn Mega Ria Masai 6.5 300 PBT 1988 1997 

6 KpgKelichap BatuPahat 7.9 250 PBT 1997 2005 

7 SabakAwor Muar 3.2 60 PBT 1967 1982 
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8 TanjungAgas Muar 2.0 100 PBT 1983 1984 

9 TanjungKetapa

ng 

Muar 5.0 175 PBT 1984 1986 

10 Bandar Kota 

Tinggi 

Kota Tinggi NA NA PBT NA NA 

11 Jermaluang KpgBaru, 

Jemaluang 

2.0 13 PBT 1998 2004 

12 RimbaTerjun Pontian 4.9 42 PBT 1980 2003 

13 Sanglang Ayer Baloi, 

Pontian 

0.8 60 PBT 1986 2003 

14 SegamatBaru MK. Sungai 

Segamat 

3.3 2 PBT NA 2004 

15 Jementah MK. Jementah 2.1 NA PBT NA 2004 

16 Jln Air Hitam KpgMachap 3.0 25 PBT 1986 1996 

17 JlnKuburCina CinaRenggam 0.5 20 PBT 1984 1986 

18 Chohong MukimTangkak 1.1 60 PBT 1980 2000 

19 Sengkang Bukit Gambir, 

Muar 

0.5 41 PBT 1970 2003 

20 Kpg Sri Wangi MukimLinau, 

BtPahat 

NA 80 SyrtSetaraCsy

tal S/B 

2007 NA 

PBT – Local Authorities   

WLSB - Worldwide Landfills SdnBhd 

SWM - Southern Waste Management SdnBhd 

TDK – TerasDaraKonsortiumSdnBhd 
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AFSB - Alam Flora SdnBhd 

Table 2 shows 20 landfills that have been closed. Most of them (18 to be specific) were managed 

by the local authorities because they were opened before 1995 and were mostly open dumps or 

controlled dump sites, none is sanitary [3]. Only Ulu Tiran land fill located in Johor Bahru, the 

state capital and Kpg Sri Wangi landfill in BatuPahat were operated by other managers. 

Table3. Operated Landfill Sites in Johor and their Details [17] 

S/

N 

 Landfill 

Name 

Location  Area 

(ha) 

Waste  

(ton/d

) 

Manage

r 

Opened Expecte

d 

closure  

1 Seelong MukimSenai - Kulai, 

Johor 

111.

0 

1138 SWM 2003 2018 

2 BktBakri  Muar, Johor 14.6 200 SWM 1986 2008 

3 Batu 4 JlnKluang, Tinggi 34.0 62.5 SWM 1985 2011 

4 SgRengit Sungai Rengit, 

Pengerang 

20.0 15.4 SWM 1982 2015 

5 JlnTemayor JlnTemayor, Labis 2.4 45 -50 SWM 1977 2010 

6 Jln Muar 

(Maokil) 

JlnMoakil, Labis 12.0 45 - 

50 

SWM Sept 

2007 

2016 

7 Endau JlnPianggu Lama, Endau 8.1 35 SWM 1996 2016 

8 Sri Pantai Sri Pantai, Mersing 4.0 59 SWM 1990 2010 

9 PekanNenas Jln. Sawah, PekanNenas, 

Johor 

4.9 160 PBT 1988 2006 

10 BulohKasap  Mk. BulohKasap 31.6 100 SWM 2004 2024 

11 Ladang CEP 1 JlnKluangRenggam 6.0 300 SWM 1995 2012 



International Journal of Emerging Trends in Engineering and Development                   Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                       ISSN 2249-6149 

 Page 551 
 

12 Bekoh MukimTangkak, 

Tangkak 

6.4 41 PBT 2000 2018 

13 JlnLabis   Yong Peng 3.0 120 SWM 1990 2007 

14 TanjungLangs

at 

PasirGudang 13.0 650 PBT 2002 2012 

 

 

 

PBT – Local Authorities   

WLSB - Worldwide Landfills SdnBhd 

SWM - Southern Waste Management SdnBhd 

TDK – TerasDaraKonsortiumSdnBhd 

AFSB - Alam Flora SdnBhd 

From Table 3, it can be seen that all the 14 landfills in operation except 3 (i.e. PekanNenas, 

Bekoh and Tanjung Langat) are managed by Southern waste management, SWM. Those 3 are 

still under the management of the local authorities (PBT). Seelong is the only landfill that is 

sanitary. It was upgraded for methane capture and has about 2,500,000 metric tons of MSW in 

place in 2009. It was upgraded in 2007 and it reduced methane LFG emission of 108,335 metric 

tons CO2 eq[6]. Four of those landfills (i.e. Bkt. Bakri (Muar), Jln. Temayor (Labis), PekanNenas 

(Johor Bahru) and Jln. Labis (Yong Peng)) are supposed to have been closed. The government is 

making a serious effort in upgrading Tanjunglangsat (PasirGudang) landfill to a sanitary status, 

in her quest to improve landfill condition and to make the region a low carbon zone. 

 

METHANE LFG FORMATION 

Having discussed the MSW generation, characterization and MSW landfills in Johor, it is 

worthwhile to shed some light on the MSW decomposition processes taking place in those 

landfills. These processes, which are carried out by bacteria are influenced by factors such as the 

composition of the waste and amount of organic matter that is readily biodegradable, the age, 

moisture content, pH and temperature [18]. 

Initially, the waste is oxidized, resulting in a reaction resembling normal oxidation reaction to 

give CO2. After all the oxygen has been used up then anaerobic biodegradation takes over, which 

may take weeks or months [19]. The biodegradation reaction is essentially in three stages. The 

first stage is the fermentative hydrolysis of the complex MSW to soluble products such as 

glucose. The second is Acetogenesis, that is, the conversion of the soluble products to give acetic 

acids (and other simple acids), ethanol, CO2 and hydrogen. And finally, Methanogenesis, which 

is the formation of methane from acetic acid or from the reduction of CO2 with hydrogen. The 

second and third stages can be represented thus [5]: 
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Acetogenesis 

C6H12O6 →2C2H5OH + 2CO2         (1) 

glucose 

Methanogenesis 

CH3COOH       → CH4 + CO2         (2) 

Acetic (ethanoic) acid 

Or 

 CO2 + 4H2 → CH4 + 2H2O                                (3) 

The maximum amount of methane LFG generated can be estimated from the overall simplified 

reaction below: 

C6H10O4      + 1.5H2O →3.25CH4 + 2.75CO2       (4) 

adipic acid (waste) 

Generally, the LFG generated contains 50 – 55% methane while the rest is made up of CO2, 

other minor products like hydrogen sulphide, ammonia etc. Under UK condition, it takes about 

two years for methane to begin to form in landfills and it reaches maximum in about five years 

after which it begins to decline. Substantial amount is produced in the first 10 – 15 years [19]. Eq 

(4) indicates that 5.4kg of the waste can react with 1kg of water, since MW of waste is 146 and 

water is 18, and also on the average, MSW contains about 20% moisture showing that there is 

enough water to react with the waste. Besides, the biodegradation agents function well at water 

concentration of over 40%. However, care must be taken as collection of methane LFG can be 

affected if there is too much water in the landfill [5, 19]. 

In addition, a typical US MSW, which is made up of 69.5% biomass or 60% dry biomass, 

contains 417kg C6H10O4 per metric ton of MSW. Material balance on Eq (4) yields 208 Nm
3
 or 

0.149 metric tons methane per metric ton MSW [5]. Comparing this theoretical value with 

experimental, Barlazet al. [20] reported 213 Nm
3
 (0.153 metric ton) methane LFG per metric 

tons dry biomass. A range of 54 – 108 Nm
3
 methane LFG per metric ton MSW was reported by 

Verma and Themelis[21]. Furthermore, Barlazet al.[22] and Franklin-Associates, (1995) 

reported 83Nm
3
 and 62 Nm

3
 per metric tons of MSW respectively. Survey of US landfills show 

that 27 to 50 kg of methane LFG is generated per metric ton of MSW in the first 20 years and 4 

to 7 kg of the gas escaped to the atmosphere due to design limitations [23]. Moreover, 

practically, methane LFG is estimated using some standard models or methodologies which 

include Intergovernmental Panel on Climatic Change (IPCC) and USEPA Landfill gas Model 

(LandGEM). 
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INTERGOVERNMENTAL PANEL ON CLIMATIC CHANGEMODEL 

The common model used for the estimation of methane LFG emission is the Intergovernmental 

Panel on Climate Change (IPCC) model. The model is in three forms (Tiers) - Tiers 1, 2 and 3. 

The Tier to be used is dependent on the amount and reliability of information the user has. To 

estimate methane using Tier 1, IPCC default data is mostly used; information required by the 

user is therefore minimal. The Tier 2 requires more data from the user than Tier 1 but less than 

Tier 3. 

The IPCC model is based on first order decay of MSW for this it is called IPCC FOD model. 

Based on this model, methane LFG generation from MSW decomposition in landfills is believed 

to continue throughout some decades. Within this period the LFG reaches a maximum in the first 

few years and begin to decline gradually. The FOD model is dependent on the amount of the 

degradable organic matter, DOCm in the MSW which is based on MSW type (i.e. food, paper, 

wood, textile and so on), or as a mean DOC in the bulk waste [7]. The amount of methane LFG 

generated from decomposed DDOCm in landfills in a particular year can be estimated from: 

CH4 generated,T = DDOCm,decomp,T* F * 16/12      (5) 

where DDOCm,decomp,T is the amount of DDOCm decomposed in year T, F is the methane fraction 

in LFG and 16/12 is the  ratio of molecular weights of methane to carbon. 

The amount of methane generated, Eq (5) can be seen to be dependent on the amount of 

decomposed DDOCm which can be estimated from the amount of accumulated DDOCma thus: 

DDOCm,decomp,T  =DDOCmaT-1 * (1 – e
-k

)      (6) 

Where DDOCm,T-1  is the amount of decomposable that have accumulated at the end of year (T-1) 

, k is the rate constant given by ln(2)/t1/2 with the unit year
-1

 and t1/2 is the half-life in years. But 

DDOCmaT that have accumulated at the end of year T is given by: 

DDOCmaT = DDOCmdT + (DDOCmaT-1 * e
-k

)      (7) 

Where DDOCmdT is the amount deposited in landfill in year T. 

However, the IPCC has developed a spreadsheet that can estimate values for Equations (7) and 

(6) and hence the methane LFG generated, Eq(5). Taking account of the amount of waste or 

rather DOC deposited each year and the one that have accumulated the previous years. The 

spreadsheet also allows users to select the ‘Time delay’ i.e. the time it takes for significant 

amount of methane LFG to buildup. This is usually between 0 to 6 months. The model then 

calculates the amount of methane generated. 

 

LANDFILL GAS EMISSION FROM JOHOR LANDFILLS 

Amount of LFG generation/emission from the 14 landfills in operation in Johor was estimated 

based on IPCC methodology. And for simplicity and ease of computation, spreadsheet provided 
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by IPCC was used for the estimation [7]. The information for MSW used for the estimation is the 

daily waste received by the landfills. The result is summarized in Table 3. 

Table3. Methane emission estimation from the 14 landfills in operation in Johor 

Landfill MSW 

Received, 

ton/d 

MSW 

Received, 

ton/yr 

 CH4 

Generated, 

ton/y 

CH4 Captured, 

ton/y 

CH4 

Emitted, 

ton/y 

Seelong 1,138 415,370 19,700 5,200
1
 14,500 

TanjungLangsat 650 237,250 11,260 0 11,260 

PekanNenas 160 58,400 2,770 0 2,770 

BktBakri 200 73,000 3,460 0 3,460 

Batu 4 62.5 22,813 1,080 0 1,080 

SgRengit 15.4 5,621 270 0 270 

JlnTemayor 47.5 17,338 820 0 820 

Jln Muar 

(Maokil) 

47.5 17,338 820 0 820 

Endau 35 12,775 610 0 610 

Sri Pantai 59 21,535 1020 0 1020 

      

BulohKasap 100 36,500 1,730 0 1,730 

Ladang CEP 1 300 109,500 5,190 0 5,190 

Bekoh 41 14,965 710 0 710 

JlnLabis 120 43,800 2,080 0 2,080 

TOTAL 2,976 1,086,205 51,520 5,200 46,320 
1
(Abushammalaet al. 2010) 

 

Table 3 shows that about 51,520 metric tons of methane LFG can be generated annually 

from the 14 landfills that are in operation in Johor. From this figure, only 5,200 metric tons is 

collected the rest 46,320 metric tons is emitted into the atmosphere causing various 

environmental problems. This can otherwise be used for useful purposes and at the same time 

protecting the environment.  Seelong is the biggest and the only landfill capturing and distroying 

LFG. It generates average of 19,700 metric tons of LFG annually and captures 5,200 metric tons 

and therefore emitting 14,500 metric tons per year. Considering the LFG collected at Seelong 

landfill, i.e. 5,200 tons/year out of the total generated (19,700tons/year). This is just about 26%, 

which is far less than values from some literatures. Upgrading the landfill will improve the 

collection to at least 14,775 tons/year (75%) [7, 24]. Getting the best type and specifications for 

the landfill lining, cover, collection well and other parameters will ensure this. 

The second and third biggest landfills are TanjungLangsat and Ladang landfills with methane 

generation/emission of 11,260 metric tons and 5,190 metric tons per year respectively.  The 

smallest is the Rengit landfill with methane generation/emission of just over 200 metric tons per 

year. 
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POTENTIALS OF METHANE LFG CAPTURE IN JOHOR 

LFG is a potential source for renewable energy production. This potential is harness if the biogas 

is used in a clean development mechanism (CDM) projects such as for electricity production and 

so on. This section quantifies the potentials of the emitted LFG if it were to be used for 

electricity generation instead of mere emitting it. In order to estimate this potential, the following 

assumptions were made: 

1. 60% of the emitted LFG from Table 3 is assumed to be captured [7] 

2. Methane was taken to be 50% by weight of LFG 

3. Methane was assumed to be the useful component of the LFG in terms of renewable 

energy production. 

4. A 40% efficiency was assumed for the equipment used for the conversion of LFG to 

electricity (gas engine, GE) [24]. 

Methane emission was estimated from Table 3. This value was doubled to give the amount of 

LFG (methane is 50% of LFG, see assumption 2 above). The equivalent CO2 emission was 

estimated considering methane alone (i.e. 50% LFG) as methane is the only useful component of 

the LFG. The CO2 equivalent was estimated thus; 

CO2 equivalent, tons = 0.5*LFG*21        (8) 

Revenue from Carbon credit, $ = 13.2 * CO2 equiv.       (9) 

Amount of electricity generation from the LFG was estimated from the following relationships 

[25]: 

ELFG = XE * Q * η * 1/3600         (10) 

where E is the amount of electricity in kWh, XE is the amount of LFG in kg, Q is the heating 

value of LFG (taken as 27,765 kJ/kg), η is the efficiency of gas engine, GE (GE efficiency was 

taken as 0.4 [26]) and (1/3600) is the conversion factor for kWs to kWh. The results are 

summarized in Table 4. 

Table4. Potentials of LFG capture from the 14 landfills in operation in Johor 
Landfill CH4 

Emission

, ton/y 

60% 
CH4 

ton/y 

LFG 
tons/y 

a
Equivale

nt CO2, 

ton/y 

b
Revenue 

from 

Carbon 

credit, 
US$/y 

c
Potential 

Electricity 

generation, 

10
3
 kWh/y 

d
Revenue 

from 

electricit

y sale, 
US$/y 

Seelong 14500 8700 

 

17400 182700 2411640 53679 5367900 

TanjungLangsa
t 

11260 6756 13512 141876 1872763.2 41684.52 4168452 

PekanNenas 2770 1662 3324 34902 460706.4 10254.54 1025454 

BktBakri 3460 2076 4152 43596 575467.2 12808.92 1280892 
Batu 4 1080 648 1296 13608 179625.6 3998.16 399816 

SgRengit 270 162 324 3402 44906.4 999.54 99954 

JlnTemayor 820 492 984 10332 136382.4 3035.64 303564 
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Jln Muar 

(Maokil) 

820 492 984 10332 136382.4 3035.64 303564 

Endau 610 366 732 7686 101455.2 2258.22 225822 

Sri Pantai 1020 612 1224 12852 169646.4 3776.04 377604 

BulohKasap 1730 1038 2076 21798 287733.6 6404.46 640446 

Ladang CEP 1 5190 3114 6228 65394 863200.8 19213.38 1921338 
Bekoh 710 426 852 8946 118087.2 2628.42 262842 

JlnLabis 2080 1248 2496 26208 345945.6 7700.16 770016 

TOTAL 46320 27792 55584 583632 7703942 171476.6 17147664 
a 
 Methane is 21 time more environmentally harmful than CO2(Shin et al. 2005) 

b  
US$13.20/metric ton CO2 (CARBONPLANET, 2011) 

c  
Based on carlorific value and gas engine efficiency (Shin et al. 2005) 

d  
RM0.3/kWh or US$0.1/kWh 

Table 4 shows that if 60% of the total LFG emission from those landfills (i.e. 55,584 metric tons) 

were used for electricity production, about 583,632 metric tons/year of CO2 would be captured, 

which is a laudable step towards the reduction of the state’s carbon footprint and this will attract 

an annual revenue of over US$7.7 million (RM23 million) as carbon credit. In addition, 

electricity generation of over 171 million kWh per year is expected to be generated which is 

worth over US$17 million (over RM51 million). Furthermore, Seelong landfill being the largest 

of the 14 landfill sites is the top in terms of these potentials. It is followed by Tanjunglangsat and 

the least is the Renggit landfill. 

 

CONCLUSIONS 

Landfill gas generation/emission and estimation concepts were discussed. In applying this to 

Johor Malaysia, it was realized that huge renewable energy resource is wasted in form of 

emission and this, unfortunately is a threat to the environment. Potentials in Johor landfills were 

quantified in terms of electricity generation from the LFG that would have otherwise been 

emitted. MSW received from the 14 landfills was estimated to be 1,086,205 metric tons per year 

and was expected to generate 51,520 metric tons of methane LFG annually.  It was estimated that 

46,320 metric tons of methane is emitted from these landfills annually which is a serious 

environmental pollution. On the other hand, this can be utilized as a renewable energy source. 

Based on the estimate, over 171 million kWh of electricity can be generated per year worth over 

US$17 million (RM51 million) with additional carbon credit of over US$7.7 million (RM23 

million). This shows that there is substantial potential in Johor landfills that can be harvested as a 

renewable energy source. Harnessing this resource will also go a long way in reducing the 

landfill management problems and at the same time helping to achieve the state’s quest for the 

development of renewable energy and a low carbon region. 
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