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a b s t r a c t

Malaysian authorities has planned to minimize and stop when applicable unsanitary dumping of waste as
it puts human health and the environment at elevated risk. Cost, energy and revenue are mostly adopted
to draw the blueprint of upgrading municipal solid waste management system, while the carbon foot-
print emissions criterion rarely acts as a crucial factor. This study aims to alert Malaysian stakeholders
on the uneven danger of carbon footprint emissions of waste technologies. Hence, three scenarios have
been proposed and assessed mainly on the carbon footprint emissions using the 2006 IPCC methodology.
The first scenario is waste dumping in sanitary landfills equipped with gas recovery system, while the
second scenario includes anaerobic digestion of organics and recycling of recyclable wastes such as plas-
tic, glass and textile wastes. The third scenario is waste incineration. Besides the carbon footprint emis-
sions criterion, other environmental concerns were also examined. The results showed that the second
scenario recorded the lowest carbon footprint emissions of 0.251 t CO2 eq./t MSW while the third sce-
nario had the highest emissions of 0.646 t CO2 eq./t MSW. Additionally, the integration between anaer-
obic digestion and recycling techniques caused the highest avoided CO2 eq. emissions of 0.74 t CO2

eq./t MSW. The net CO2 eq. emissions of the second scenario equaled �0.489 t CO2 eq./t MSW due to
energy recovery from the biogas and because of recycled plastic, glass and textile wastes that could
replace usage of raw material. The outcomes also showed that the first scenario generates huge amount
of leachate and hazardous air constituents. The study estimated that a ton of dumped waste inside the
landfills generates approximately 0.88 m3 of trace risky compounds and 0.188 m3 of leachate. As for
energy production, the results showed that the third scenario is capable of generating 639 kW h/t
MSW followed by the second scenario with 387.59 kW h/t MSW. The first scenario produced
296.79 kW h/t MSW. In conclusion, the outcomes of this study recommend an integrated scenario of
anaerobic digestion and recycling techniques to be employed in Malaysia.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Solid waste management (SWM) has been considered as a
major challenging task in several developing Asian countries
including Malaysia, where the rate of waste generation is increas-
ing annually at a rate that surpasses the ability of related authori-
ties to control and properly manage it. Besides, waste composition
has been changing and becoming more complex (Idris et al., 2004).
Fast population growth and rapid urbanization in Malaysia have
caused an annual growth rate in waste generation of 3–3.3%
(Badgie et al., 2012; Fazeli et al., 2016). The overall per capita gen-

eration rate of wastes increased from 0.5 in the 1985 to 1.7 kg/cap-
ita/day in 2007 (Chien Bong et al., 2017; Periathamby et al., 2009;
Tarmudi et al., 2009), and is subject to be increased by 2024 to
2.23 kg/capita/day in large cities such as Kuala Lumpur (Saeed
et al., 2009). The per capita per day generation rate of Malaysia is
higher than many neighboring Asian countries includingMyanmar,
Vietnam, Laos, Indonesia and Philippines. In addition, the develop-
ment of the socio-economic status and lifestyle of citizens of
Malaysia over the past few decades caused the composition of solid
waste to change and to become more of complicated material such
as plastic rather than simple organic wastes. For example, almost
65% of generated wastes in 1975 were food wastes while paper,
plastic and glass collectively comprised only 12%. However, the
percentage of food waste decreased to nearly 45% in 2005 whereas
percentage of paper, plastic and glass collectively almost tripled
with 34% (Periathamby et al., 2009). Typical current composition

http://dx.doi.org/10.1016/j.wasman.2017.08.044
0956-053X/� 2017 Elsevier Ltd. All rights reserved.

⇑ Corresponding authors.
E-mail addresses: amirhossein@petronas.com.my (A. Malakahmad),

mabualqumboz@hotmail.com (M.S. Abualqumboz), shamsulrahman@petronas.
com.my (S.R.M. Kutty), tabunama@siswa.um.edu.my (T.J. Abunama).

Waste Management xxx (2017) xxx–xxx

Contents lists available at ScienceDirect

Waste Management

journal homepage: www.elsevier .com/locate /wasman

Please cite this article in press as: Malakahmad, A., et al. Assessment of carbon footprint emissions and environmental concerns of solid waste treatment
and disposal techniques; case study of Malaysia. Waste Management (2017), http://dx.doi.org/10.1016/j.wasman.2017.08.044

http://dx.doi.org/10.1016/j.wasman.2017.08.044
mailto:   amirhossein@petronas.com.my   
mailto:mabualqumboz@hotmail.com  
mailto:  shamsulrahman@petronas.com.my
mailto:  shamsulrahman@petronas.com.my
mailto:tabunama@siswa.um.edu.my
http://dx.doi.org/10.1016/j.wasman.2017.08.044
http://www.sciencedirect.com/science/journal/0956053X
http://www.elsevier.com/locate/wasman
http://dx.doi.org/10.1016/j.wasman.2017.08.044


of waste in Malaysia is shown in Table 1. Furthermore, Yatima and
Arshad (2010) reported that hazardous wastes such as drugs, bat-
teries and light electronic devices still thrown away and found in
municipal solid waste (MSW) stream in most parts of Malaysia.
Similar to other Asian developing countries, Malaysian authorities
lack of appropriate technology, skilled manpower, and facilities
that are necessary to tackle waste-related problems in the country
(Dhokhikah and Trihadiningrum, 2016). As a result, more than 85%
of the collected waste is disposed of in unsanitary disposal sites in
spite of the fact that organics and recyclable wastes (plastic, paper
and glass) dominate the stream and thus, they worth utilization
(Noor et al., 2013; Parthan et al., 2012; Rajaie and Tavakoly,
2016; Tchobanoglous et al., 1993). However, the statistics showed
that up to 2006, utilization of organics and recycling programs
were practiced for only 1% and 5.5% although they represented
nearly 45% and 35% of waste stream, respectively (Dinie et al.,
2013; Periathamby et al., 2009). Unless produced landfill gas
(LFG) and leachate from landfills being controlled and appropri-
ately managed, they will migrate into the surrounding environ-
ment and raise many crucial concerns including emissions of
greenhouse gas (GHG), air pollution, fires and explosion incidents,
health concerns, vegetation damage and pollution of soil, surface
aquatic system and groundwater (El-Fadel et al., 1997; Lisk,
1991; Manfredi and Christensen, 2009).

On the other hand, Malaysia has been facing an upward trend in
energy demand due to a steady economic growth. Energy con-
sumption in Malaysia has increased from nearly 12 Mtoe in 1990
to about 50 Mtoe in 2013 (Bujang et al., 2016), and it is expected
that energy demand will escalate by 4.7% annually (Chien Bong
et al., 2017). Although current energy demand is fulfilled mostly
from natural gas and oil, it is expected that Malaysia will have to
import energy before the end of the present decade in order to ful-
fil the needs of citizens (Khor and Lalchand, 2014).

Malaysian government has been looking for promising solu-
tions for waste- and energy-related problems. Among several pro-
posals, the authorities adopted a new direction of completely
abandoning unsanitary dumping of wastes by 2020. In addition,
they have decided to rely more on recycling programs, aerobic bio-
logical transformation of organics and waste to energy technolo-
gies such as anaerobic digestion, incineration and CH4 recovery
systems from sanitary landfills (Fazeli et al., 2016; Periathamby
et al., 2009; Samsudina and Dona, 2013). Appropriate treatment
of MSW offers practical solutions to control related environmental
contaminations and concerns. Furthermore, it leads to increase
MSW potential to bring new financial advantages and sources of
fuel for future energy needs. Owing to unique treatment processes
of each technology, organic and inorganic wastes result in different
outcomes in term of products (e.g. energy) and impacts on humans
and the environment. Therefore, waste treatment technologies
should be evaluated in order to come up with the perfect combina-
tion that gives the optimum usage (highest utilizations at the low-
est amounts of generated risks). The literature showed that many
studies including (Arafat et al., 2015; Aye and Widjaya, 2006;
Beigl and Salhofer, 2004; Buttol et al., 2007; Chaya and
Gheewala, 2007; Feo and Malvano, 2009; Koroneos and Nanaki,
2012; Menikpura et al., 2013; Scarlat et al., 2015) have assessed
different waste management options based of various criteria that

mainly were energy production and cost needed. In Malaysia, Tan
et al. (2014b, 2015) mainly focused on and comparatively evalu-
ated energy and economical aspects of different waste treatment
technologies while the environmental assessment only covered
undetailed evaluation of carbon emissions of each strategy. There-
fore, this study aims to show in details and to quantitatively eval-
uate potential carbon footprint emissions of sanitary landfills
equipped with gas recovery systems, anaerobic digestion, inciner-
ation and recycling of plastic, glass and textile in Malaysia. Besides,
related environmental concerns that would be produced and pos-
sible products (e.g. energy and compost) of each option were also
considered.

2. Case study: Jeram Sanitary Landfill (JSL)

JSL is located in the Mukim Jeram, Selangor state between
3�1102000N and 101�2105000E (Abushammala et al., 2014). Selangor
state has been the top generator of waste in Malaysia. It has been
linked to nearly 20% of all produced solid waste. Besides JSL, the
state has 19 more landfills as shown in Fig. 1 (Johari et al., 2012;
Manaf et al., 2009; Moh and Abd Manaf, 2014).

JSL started operation in 2007 and it has an expected lifespan of
16 years as reported by the operating company; Worldwide Land-
fills Sdn Bhd (Abushammala et al., 2016). JSL covers an area of nearly
65 hectares and serves sevenmajor municipalities located in Selan-
gor state namely, Kuala Selangor, Subang Jaya, Klang, Petaling Jaya,
ShahAlam, Ampang Jaya and Selayang (Xiang et al., 2014). As shown
by the statistics, more than 95% of incoming wastes are domestic
while other non-hazards wastes comprise the rest. The landfill is
equippedwith a lining system of high-density polyethylene (HDPE)
layer underlinedwith compacted soil. Leachate is collected through
drainage layers and sent to a nearby leachate treatment plant
located northern the landfill as shown in Fig. 2,whereas LFG is flared
into the atmosphere using gas flaring units. Although physical, bio-
logical and chemical treatment is applied on collected leachate
before being discharge to Sembilang River, Jumaah et al. (2016) con-
firmed that leachate effluent recorded higher values of chemical
oxygen demand (COD) and NH3 than the applicable standard. JSL
had an initial design capacity of 1,250 tons per day. However, more
than2,500 tons ofwastes are currently disposedof in the landfill. For
instance, in 2015, the landfill received 925,139 tons of waste at a
daily average rate of 2,535 tons. Data on dumped SW in the landfill
between 2007 and 2015 was provided by Worldwide Landfills Sdn
Bhd, while estimated future waste quantities that will be dumped
in the landfill up to 2023 have been projected at annual growth rate
of 3.3% as reported by Fazeli et al. for waste generation growth rate
in Malaysia (Fazeli et al., 2016). It has been estimated that JSL will
receive more than 1,160,000 tons of waste in 2022. At the end of
his lifespan, approximately 14,495,000 tons of waste will be
dumped at the landfill over his 16 years life span.

3. Methodology

Four waste treatment technologies where considered in this
study. The technologies are sanitary landfilling with gas recovery
system, anaerobic digestion, incineration and recycling. The

Table 1
Typical composition of MSW in Malaysia.

Component Food Yard Paper Plastic Glass Metal Textile Total

Wet weight 41.06 2.45 20.93 22.23 3.63 1.96 7.74 100.00
Moisture content 37% 1% 15% 1% 0% 0% 0% 53.53%
Water (weight) 15.29 0.02 3.07 0.15 0.00 0.00 0.01 18.53
Dry weight 25.77 2.43 17.86 22.08 3.63 1.96 7.73 81.47
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