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ABSTRACT: The elevation of waste generation subsequent to population growth has become
a severe environmental topic in Malaysia. Since most of the waste is being dumped into a
landfill, the open dumpsite, or unsanitary landfills which are not constructed with proper
engineering plan, severe impacts on the environment result. The energy demand in Malaysia
increased with the growing population, but reliance on fossil fuels to generate electricity has
created another greenhouse gas contributor. Alternatively, waste-to-energy technology solves
the problem of increasing waste by converting the waste to a renewable energy source.
Malaysia has moved towards landfill gas recovery system and incineration for waste energy
recovery. The recovery system and refuse-derived fuel plant achieved expectation; however,
the incineration plants have failed due to the opposition of the public, lack of funding and
technician expertise, and other technical issues. The solid waste management practices lacking
separation and recycling sources, become an obstacle for development. The government puts
effort into solving the current issue by promoting recycling in the public, enforcing the
legislation, and approaching new technologies for better solid waste management practice in
the future. This paper aims to discuss the application of energy recovery from municipal solid
waste in Malaysia.

KEYWORDS: Municipal solid waste; waste-to-energy technologies; landfill; incineration;
sustainability

1. Introduction

Malaysia is a developing country that experiences rapid urbanization and population growth.

Consequently, the generation of municipal solid waste (MSW) is increasing as it has a
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proportional relationship with the population growth rate, and it is predicted to reach 49670
tons per day by 2030 [1]. MSW encompasses the waste produced from residential, commercial,
institutions and parks [2]. Currently, the average MSW generated in Malaysia is 0.5-0.8
kg/person/day, but it may differ depending on the development status of the states in the nation
[3]. However, Malaysia has improper waste management due to the lack and limitation of
technology, lack of skilled manpower, and the facilities that can effectively solve the issue in
the country. Besides, the lifestyles of the public over the past few decades have resulted in a
complicated composition of MSW. As the public lack of proper knowledge and have a poor
attitude and participation in waste recycling, only 1% of organic and 5.5% of recyclable
products out of 45% and 35% of the waste stream were utilized in 2006. Most of the MSW
ends up being disposed in the unsanitary landfills and open dumpsites without further
treatment. Therefore, it creates a serious environmental issue including soil and groundwater
contamination through migration of leachate, emission of greenhouse gas (GHG) that leads to
global warming and climate change, air pollution as well as fires and explosion incidents [4].
On the other hand, the energy demand is also growing rapidly in response to population growth.
It is predicted to increase approximately 4.7% annually where the annual growth rate of
electricity consumption is 8.1% [3]. Malaysia mainly relies on burning fossil fuels and natural
gas to generate electricity. However, fossil fuel-based energy sources will generate carbon
dioxide (CO2) which is one of the major GHG that contributes to global warming. It is
estimated that the global GHG emission from burning fossil fuels is going to rise to 70 Gt CO»-
eq in 2050 [5]. In order to combat this issue, most of the countries approach renewable energy
as a replacement for fossil fuel to fulfil the energy demand. In Malaysia, the energy sector and
waste sector contribute to 80% and 9% of the GHG emission respectively [6].

Taking the two problems into consideration, energy recovery through waste-to-energy
(WtE) technology would be the best solution to tackle the issues simultaneously as it can
promote sustainable MSW management. The concept of WtE is to reduce the organic fraction
of MSW and generate a valuable amount of heat and energy from non-recyclable MSW. MSW
in this case can be considered as a renewable source for energy recovery. Thus, the MSW that
entered the landfill is decreased, the use of fossil fuel and other non-renewable energy are
reduced, and eventually the emitted GHG is minimized. WtE technologies can be classified
into biological technology (e.g., anaerobic digestion and microbial fuel cell), thermal
technology (e.g., incineration, pyrolysis, and gasification) and landfilling with gas recovery.
Table 1 shows the different types of WtE technologies with their pros and cons while Figure 1
presents WtE technologies with the products. Malaysian government has also decided to adopt
these sustainable promising solutions and discard the previous practice which used mostly
unsanitary landfill and open dumpsite that result in severe environmental issue. WtE
technologies implemented in Malaysia at present is landfilling with gas recovery and
incineration [1]. The objective of this paper was to discuss the application of energy recovery
from municipal solid waste in Malaysia. This paper covers the policies related to MSW and
renewable energy (RE), the solid waste management practice, and introduction to WtE
technologies implemented in Malaysia. Besides, an overview of major challenges, future
challenges and prospects are summarized in order to identify the current issue and
measurements are provided to improve the situation.
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Table 1. Different types of WtE technologies

Type Tecl:z (t)ﬁ)gies Mechanism Advantages Disadvantages Reference
Thermal Incineration Burning the whole mass of waste - Reduce waste - High capital cost [7]
Treatment in incinerator with excess air - On site incineration - Skilled labour is required

under high pressure. - Minimize air emission - High moisture content affects the combustibility
- Aseptic ash is obtained - Environment issues if flue gas is not handled properly
- Less space requirement - Health risk
Gasification Carbonaceous and organic waste - More effective than incineration - High capital cost [7.8]
materials are converted into - Can treat high quality of inorganic waste - Skilled labour is required
synthetic gas called syngas - Produce multiple secondary clear fuel - The efficiency can be affected by high moisture content
through indirect combustion in - Minimum emission - High energy consumption if moisture content is high
the presence of gasifying agent - The quality of fuel is affected by the properties of waste
such as air or steam
Plasma Convert waste and hazardous - High efficiency - High capital cost [7,9,10]
Gasification materials into their respective - High flexibility - High specific energy consumption
constituent elements. - Take place incompletely closed system - Low service life
- Regained metals are returned to - High exergy destruction ratio
metallurgic industries
- Obtained slag can be used in road and
cement industry
- Can treat electronic waste
Pyrolysis An endothermic process takes - High recovery rate - High capital cost [11,12]
place in oxygen free environment - Less space requirement - Skilled labour is required
and vaporous parts of feedstock - Lower temperature requirement - The process is influenced by various factors.
are vaporized on heating. - Wider feedstock range - Fume incineration is necessary to destroy hazardous
- Can be categorized into slow, fast and flash organic compounds.
pyrolysis depending on the required - The efficiency can be affected by high moisture content
conditions
Biological  Anaerobic Natural biodegradable process of - Suitable for organic waste treatment - Long duration of microbial reaction [7,13,14]
Treatment  Digestion organic compounds by - Adapted to a broader range of organic - High nitrogen rich components and cations in waste
microorganisms in the absence of substrate stream increase ammonia and salt concentration that
air - Low environmental impact makes the process toxic for methanogenic activities
- High energy recovery potential - Require sufficient waste for operation
- Produce intermediate compound
Aerobic Organic matter is exposed to - Suitable for organic waste treatment - Long duration of microbial reaction [11]
Composting microbial decomposition in - Acts as soil conditioner - Larger area requirement

humid, hot, aerobic, and

- Improve soil quality

- Acts as organic input in agriculture

- High transportation cost
- Lower nutrient value
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anaerobic environments under a - Simple - Chances of infection agents
controlled condition - Cost-effective - Bad smells
Physical Refused- The non-recyclable solid waste is - Higher efficiency - High pre-processing cost [11]
Treatment  derived Fuel burnt as fuel/feedstock - Lower excess air requirement - High maintenance cost
to produce electricity. - High calorific value - Higher chances of explosion during the shredding
- Fewer byproducts process
- Less environmental impact - Produce flue gases and activated sludge that contain high

concentration of heavy metals

Landfill Gas The landfill gas generated by the - Reduce greenhouse gas emission - May cause unpleasant smell [7,11,13,15]
Recovery decomposition of organic matter - Landfill gas can be utilized as fuel - Have fire and explosion risk
System in the landfill is captured and - Electricity can be generated - The production of landfill gas is affected by various
converted to electricity. factors
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Figure 1. WtE technologies and the product
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2. Overview of major challenges

The development of WtE technologies, particularly incineration, is facing challenges from
political, economic and technological factors. The suggestion of constructing a large-scale and
centralized incineration system has been protested by the public due to health hazards
associated with the emission of dioxins and other toxic compounds. Besides, there are
difficulties in the disposal of inorganic residue and monitoring facilities due to technical
limitations. The problem of meeting the stringent emission standard of incineration also
remains as it is much lower compared to other combustion plants. Insufficient funding in WtE
technologies has also been one of the obstacles of WtE development [16]. Source separation
and recycling practices can save the manufacturing cost for MSW segregation and generate
maximum energy from MSW simultaneously [1]. The lack of waste sorting and separation
practice can corrode the equipment of the incinerator due to the high concentration of chlorine
and sulphur in the MSW that might form acid gases during combustion [17]. With the
increasing population growth and upgrading lifestyle, the public has led to an overconsuming
trend with an outcome of many unnecessary wastes being generated. However, source
separation and recycling practices are still at the infant age as the public lack understanding,
awareness and correct perception of recycling. They cannot turn the knowledge into behavior
as well as connect the benefits of the practice and the consequence of not practicing, thus
leading to a low recycling rate in Malaysia. They tend to put all the responsibility on the local
authorities and municipal waste collectors to deal with the waste problems. On the other hand,
the effective solutions are inflexible due to lack of knowledge and technical expertise. The
Federal and State legislation does not fully undertake the responsibility of solid waste
management, resulting in a poor linkage and cooperation among each of the stakeholders.
Consequently, the recyclables collection efficiency is reduced. In addition, detailed and
accurate data regarding waste generation and composition as well as the number of operating
waste management within municipalities is presently absent, impeding proper planning for
future policies in implementing waste minimization among households [18,19].

3. Policies of municipal solid waste management and renewable energy in Malaysia

MSW is a type of solid waste under the responsibility of the Ministry of Housing and Local
Government (MHLG). The implementation of the Action Plan for a Beautiful and Clean
Malaysia (ABC Plan) in 1987 had given an idea to the Malaysian on MSW management and
its importance on maintaining public health and environmental sustainability by reducing the
generation of solid wastes. However, the plan had failed to be authorized as there was lack of
legal and fiscal instruments for management. In 1995, the concept of federalization and
privatization was introduced to overcome the various problems, including lack of financial and
funding, lack of expertise, unequaled quality service and illegal dumping as well as open
burning. Again, the concept didn’t work well due to the lag of payment for private
concessionaires, leading to the inefficiency of waste collection services. National Strategic Plan
(NSP) was adopted in 2005 to provide a judicious solid waste management framework in
Malaysia in line with Vision 2020. NSP highlighted to upgrading the non-sanitary landfill and
constructing new sanitary landfills [3]. In response to NSP, the first sanitary landfill was
implemented, the concept of energy recovery through WtE technologies was developed and
source separation, waste reduction, reuse, and recycling were encouraged. Solid Waste and
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Public Cleansing Management Act 2007 (Act 672) is formulated in 2007 to promote waste
reduction and recycling and to ban illegal dumping. National Solid Waste Management
Department (Jabatan Pengurusan Sisa Pepejal Negara - JPSPN) and Solid Waste and Public
Cleansing Management Corporation (SWCorp Malaysia) are the two agencies established
under the Solid Waste Management and Public Cleansing Corporation Act 2007 (Act 673) to
make sure that Act 672 is carried out properly. JPSPN is responsible for proposing, formulating
and setting different plans policies and standards while SWCorp Malaysia is responsible for
implementation, enforcement and recommendation. SWCorp Malaysia also implements the
SWCorp Strategic Plan 2014-2020 which emphasize seven core strategies to be used as a major
reference of solid waste management up until 2020 [19].

Regarding RE, Five Fuel Diversification Policy was the first policy that included RE
as an energy source and aimed to contribute 5% of RE in the total energy mix by 2005 in the
8th Malaysia Plan. In the 9th Malaysia Plan, Small Renewable Energy Power Program, BioGen
project and Malaysia Building Integrated Photovoltaic Technology Application Project
(MIPV) were introduced, and incentives were given to companies that utilized RE technologies
to further supply RE in the total energy mix. National Green Technology enforced in 2009
emphasized the application of green technology in enhancing sustainable development in order
to achieve a national energy mix with 5.5% of RE. Under this policy, Green Technology
Financing Scheme (GTFS) is available to provide fund to the company that employs green
technology for energy, water and waste management for 15 years. Under thrust 1 of the
Renewable Energy Policy and Action Plan 2010, which is introduced as an appropriate legal
framework, the Feed-in Tariff (FiT) is implemented for RE producers. The FiT programme
enables the RE producers to sell the electricity that used RE resources to the national grid at a
fixed premium price for a specific length of time. In the 11th Malaysia Plan, the idea of
sustainable consumption and production is adopted, and landfill waste in this case is treated as
a renewable resource that can create power or other products for green markets [3].

4. Past Municipal Waste Management Practice in Malaysia

In Malaysia, MSW accounts for 64% of the total solid waste. According to data from JPSPN
in 2012, the MSW composition in Malaysia is food and organic (45%), plastics (13%), paper
(9%), diapers (12%), garden (6%) and others (16%). Malaysia highly relies on the landfill as a
waste disposal method although it is considered as the least preferable method because waste
should undergo physical, chemical and biological treatment and segregation rather than just
disposed in the landfill [19]. In the 1970s, MSW was dumped into the assigned open dumpsite
by local authorities, resulting in most of the landfills in Malaysia being open dumpsites with
overloaded capacity [20]. The research shows that there is about 95% of the waste ends up
being dumped in the landfill, with the remaining having an intermediate treatment, feeding to
the incinerators, being recycled or reprocessed, or dumped illegally [19]. Since suitable and
cost-effective waste treatment remains absent, most of the overloaded sites have extended their
operation time and thus pose severe environmental issues. Besides, some of the rural areas are
still not equipped with proper waste collection services, the citizens can only dispose the waste
through burial or open burning which contributes to illegal dumping. With the increasing
population and waste generation, the existing landfill sites are facing the issue of bearing a
large amount of waste but constructing a new landfill faces more difficulties because of land
scarcity, high land prices and demand [21]. After the introduction of the ABC plan, the
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government set the four target levels of the landfill in order to boost the efficiency of the landfill
as well as minimize the environmental impact. Table 2 presents the four target levels of the
landfill, and their required facilities are provided for each level. Fortunately, the open
dumpsites and unsanitary landfills are step by step being phased out and upgraded respectively
as the consequences of Act 672. However, the problem regarding the increasing amount of
waste remains unsolved, and the poor knowledge and participation of the public in source
separation and recycling programme worsen the situation [19]. Hence, WtE technologies are
urgently needed to transform the management practice into a new scenario. WtE technologies
can lower the amount of waste disposed in the landfill and thus expand the landfill lifespan,
reduce the emission of GHG and generate electricity simultaneously by using waste as a RE
source [1]. MSW that comprises a high fraction of organic waste can be a promising biogas
source in the future [3].

Table 2. Different levels of sanitary landfills.

Level Description Available Facilities Reference
Open dumpsite - [19,22]
Controlled tipping Fencing and perimeter drains

II Sanitary landfill with bund Class I facilities with gas removal system, separate
and daily cover unloading and working area, daily cover and

enclosing bund. Elimination of informal scavenging
and provision of environmental protection facilities.

11 Sanitary landfill with Class II facilities with leachate recirculation system
leachate circulation

v Sanitary landfill with Class III facilities with leachate treatment system
leachate treatment

5. Waste-to-energy Technology in Malaysia

5.1 Landfill gas recovery system

Figure 2 demonstrates the schematic flow chart of the landfill gas (LFG) recovery process. The
LFG is the product of aerobic and anaerobic decomposition of organic matter present in the
MSW. The generation of LFG occurs in five stages as illustrated in Figure 3, which are
hydrolysis/aerobic degradation, hydrolysis and fermentation, acidogenesis/acetogenesis,
methanogenesis and oxidation. In summary, the complex organic matter is hydrolysed by
hydrolytic microorganisms into soluble compounds and produces primary by-products such as
CO,, water (H20) and heat. Then, these soluble organic compounds are converted into organic
acids, alcohols, CO», hydrogen (H2) and ammonia (NH3) by facultative bacteria. Next, the
conversion of organic acids into acetic, lactic, and formic acids, alcohols, H> and CO, takes
place with the help of aerobic bacteria. In stage 4, the methanogenic bacteria consume the CO»
and acetate converted from the products in stage 3 and produce a large amount of LFG made
up the majority by methane (CHs) and CO> and minority by hydrogen sulphide (H2S), nitrous
oxide (N20) and carbon monoxide (CO). Finally, CH4 is converted into CO> and H>O through
oxidation [8,15,23]. The composition of LFG mainly consists of 55%—65% of CH4, 35%—45%
of CO2, 0%—3% of nitrogen (N2), 0%—2% of oxygen (0O2), 0%—1% of H>S, H>, and NH;3 [1].
Thus, energy recovery can be achieved through LFG combustion to generate electricity. CHa
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can act as a substitution for fossil fuel because it is a clean source and is more cost-effective
than ethanol [24].

In Malaysia, the sanitary landfills that are equipped with LFG recovery system are
Worldwide Landfill Park (WLP), Bukit Tagar Sanitary Landfill (BTSL), Jeram Sanitary
Landfill, Seelong Sanitary Landfill and Magenko IYO Alam Sekitar Bercham Landfill. WLP
in Puchong is a rehabilitated area after the closure of the Air Hitam Sanitary Landfill in 2006.
It is the first grid connector RE project in Malaysia and is able to generate 2 MW of electricity
monthly from the accumulated LFG produced by 6.2 million tonnes of MSW [1,3]. The
generated electricity is sold to Tenaga Nasional Berhad (TNB) at the price of RM 0.4 kWh and
it is enough for the usage of 2000 houses. In the combination with Jeram Sanitary Landfill,
they can provide combined generated electricity of 6 MW for 6000 houses. BTSL in Hulu
Selangor is one of the largest WtE projects which supply renewable energy from a 10.5 MW
gas engine to the national grid of TNB under the FiT scheme. The CH4 gas is captured from
the first and second waste cells, which are able to produce the LFG at the rate of 3600 m"3/hr
and converted to electricity while the remaining CH4 gas is eliminated by gas flare. In addition,
Seelong Sanitary Landfill and Magenko IYO Alam Sekitar Bercham Landfill contribute 2 MW
and 1.2 MW of electricity respectively.

Gas Flare

Excess LFG

> ] - LFG Collection Wells > Primary Treatment for
MSW Landfil LFG> and Piping Moisture Removal

|
Leachate
\ 4

Secondary Treatment for
Impurity Removal

{

Gas Extraction

Leachate Treatment

]
Processed LFG

Gas Engine and
Electricity Generator

Electricity

Transformer === National Grid

Figure 2. The schematic flow chart of landfill gas recovery process

Ideally, the LFG recovery system is the most suitable method to be implemented in
Malaysia since Malaysia depends on landfill for waste disposal, but it still faces some technical
limitations. Most of the landfills in Malaysia are open dumpsites or unsanitary landfill without
proper equipment for LFG and leachate collection [1]. A study stated that most of the CHs is
produced early in the lifetime of the landfill which optimal amount of CH4 can be extracted
[25]. Hence, most of the generated LFG of the previous landfill may escape into the atmosphere
through the cracks within the waste cells [1]. The LFG production can vary due to several
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factors, including waste composition, waste age, pH, moisture content, temperature, presence
of Oy, landfill type and operational practice [26]. Besides, the low participation in source
separation and recycling practices causes the MSW to consist of a high amount of undegradable
material, leading to a reduction of energy production in terms of economics [28].
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!
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. -- --
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Figure 3. Major stages of waste degradation in landfill

5.2 Incinerator

Figure 4 displays the schematic flow chart of the MSW incineration process. Incineration is a
type of thermal WtE technology that can greatly reduce the volume of MSW to about 90%,
protect the environment from pollution of hazardous waste and generate electricity at the same
time [15]. Its mechanism is typically a combustion process in the furnace or boiler under high
pressure at a temperature between 850 °C and 1100 °C, and hot combusted gas consisting of
No, CO2, H2O, flue gas, Oz as well as the non-combustible residue is produced. The hot flue
gases act as a hot stream to generate steam from the water after entering the heat exchanger.
Through the Rankine cycle in the steam turbine, electricity is generated [27]. The calorific
value of MSW in Malaysia is ranging between 1540 and 2640 kcal/kg while the average [28.
moisture content is 55% [16,28]. Incineration is the best to suit for MSW with low moisture
content and non-biodegradable. Since MSW in Malaysia has a high fraction of organic
compounds which then contribute to high moisture content, it should be pre-dried before
entering the combustion chamber in order to lower the moisture content [27]. This is because
the high moisture content will lead to the reduction of calorific value due to the latent heat of
vaporization, and thus have a negative impact on the combustibility of MSW [15].
According to JPSPN, there are currently five incinerators being used on a small scale
in the tourism spot, including Pangkor island (20 ton/day), Langkawi island (100 ton/day),
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Tioman island (15 ton/day), Cameron Highland (40 ton/day) and Labuan (50 ton/day).
Unfortunately, the incinerator in Tioman island is shut down because of the high operating
cost, high fuel cost resulting from the high moisture content of MSW, and there is also lack of
expert technicians in maintaining the incinerators [29]. For the remaining four incinerators, the
incinerator in Langkawi island manages to utilize the MSW to generate electricity while the
others are used to minimize the incoming MSW volume only. The incinerator in Langkawi
island is the most comprehensive plant which is able to process 100 tonnes of MSW per day to
produce 1 MW of electricity. It is also the only incinerator plant in Malaysia that segregates
the solid waste into both combustible waste and wet waste before feeding into the incinerator.
It can achieve an efficiency of 80-90% [1].
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Figure 4. The schematic flow chart of MSW incineration process

5.3 Refuse-derived fuel (RDF)

Refuse-derived fuel (RDF) is a specialized subset of incineration in which the MSW is
converted into RDF through combustion. The RDF process generally comprises four steps,
which are the physical separation of incombustible material, moisture reduction, size reduction
and palletizing/densification. The purpose of palletizing MSW is to homogenize the waste in
order to improve the efficiency of the process [16]. The benefits of using RDF are higher
thermal values, homogeneous in both physical and chemical composition, simple to transport
and store, low emission rate and low excess air requirements during combustion. Besides using
for electricity generation, RDF can also be a coal substitute in cement manufacturing which is
an environmentally sustainable and low carbon emission approach [30].

The first and only RDF plant in Malaysia is located at Semenyih, Selangor. It has the
capacity to process 700 tons of MSW per day stated by JPSPN and it generates 8§ MW
electricity, in which the 3 MW is used by the power plant itself, and the remaining 5 MW is
sold to the national grid via the FiT scheme. In addition, the plant is planning to increase the
sold electricity from 5 MW to 6 MW and enhance the energy recovery efficiency from 77% to
83% by mixing it with biogas derived from the anaerobic digestion process [1]. This facility is
beneficial as it incorporates visual, mechanical and magnetic sorting of MSW so that it only
combusts the waste with high calorific value [16].
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6. Environmental and health impacts

Although incineration is believed as one of the most efficient WtE technology, it may cause
environmental pollution as well. The incineration process will produce bottom and fly ashes as
well as flue gas that contain toxic compounds. Heavy metal is one of the examples that transfer
from MSW to incineration residues as they cannot be degraded or destroyed. The presence of
heavy metal not only contaminates soil and water through accumulation but also threatens
human health [31]. Besides, the flue gas emitted by the incineration process consists of
particulate matter, nitrogen oxides, sulphur oxides, dioxins and furans. These compounds are
all the major contributors to air pollution, acid rain and smog. Also, they all have negative
impacts on human health especially dioxins namely polychlorinated dibenzo-p-dioxins,
polychlorinated dibenzofurans and polychlorinated biphenyls are highly carcinogenic that can
cause various cancers. Therefore, the incineration plant is supposed to be implemented with air
pollution control equipment such as an electrostatic precipitator in order to minimize the
emission of air pollutants into the atmosphere [15].

Assamoi and Lawryshyn (2012) conducted a life cycle impact assessment to analyze
the global warming potential (GWP), acidification potential (AP) and nutrient enrichment
potential (NEP) for the two WtE technologies. GWP was analyzed using the model developed
by the Intergovernmental Panel on Climate Change 2006 and have a time frame of 100 years.
Combustion of methane and plastic is the contributor for CO; emission in landfills and
incinerators respectively. The LFG recovery system successfully controls the emission of CHa
and volatile organic compounds and a large amount of CO; is being removed. For the
incineration process, plastic only contributes to little CH4 generation due to its stability. AP
measures the emission of nitrous oxide, sulphur oxide and NH3 that may cause air acidification.
The result shows that incineration had higher AP compared to the LFG recovery system as it
emitted higher concentrations of sulphur dioxide, nitrogen dioxide and hydrogen chloride. NEP
accounts for the presence of phosphorus and nitrogen in water as well as nitrous oxide in the
air that may result in eutrophication [32]. The incineration process emits higher nitrous oxide
to the air added on with the leachate produced by the remaining waste disposed in the landfill.
The emission from the landfill is mainly because of the generated leachate. It is important to
note that the leachate generated in the landfill should be well treated as it contains various toxic
organic compounds, heavy metals, as well as ammonia nitrogen compounds that may
contaminate the soil and groundwater. A study also concluded that incineration has a higher
carbon footprint than that of the LFG recovery system [4]. Taking electricity generation into
consideration, incineration has greater performance than the LFG recovery system as it
produces more electricity which then offsets the environmental impacts. However, methods to
increase the efficiency of WtE technologies should be explored as well to minimize the
environmental impact as least as possible [32].

7. Future Challenges and Prospects

The application of WtE technologies, especially incineration is unavoidable in the future in
order to reduce the volume of waste being disposed in the landfill. Thus, the local authorities
should promote and educate the benefits of WtE technologies to the public to prove the safety
of the technologies and provide proper knowledge to them [16]. The government should also
provide training on the treatment systems in order to solve different kinds of technical
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problems. Besides, Integrated Solid Waste Management should be implemented by integrating
the covering generation, transfer, segregation, sorting, recovery, treatment, and disposal in
order to have the best efficiency in resource utilization. In addition, the government should
enforce the existing policies and take actual implementation by understanding the association
between policy measures and the current behavioral intention of the public [18]. A strong
linkage and cooperation between each solid waste management sector is required to provide
adequate coverage of collection systems, efficient transportation between collection points,
efficient collection methods and a proper disposal practice with source separation and recycling
so that accuracy and consistent data can be generated for policy makings. To increase the
awareness, interest and participation of the public, the local authorities should organize a
campaign or provide education related to their behavior and the consequences of their action
in hygiene and aesthetic issues through media or door-to-door approach. Schools should set
solid waste management as a subject to cultivate the practices since young. It should be noted
that the monetary rewards are not a long-term solution for encouraging recycling, but the public
should realize the importance of recycling and do it willingly. The government should also
supply recycle bins, recycling drop-off centers and recycling facilities to ease the public in the
practices and maximize the recycling rate [18,19].

Other than that, Malaysia can use an alternative approach rather than incineration and
LFG recovery system. The WtE technologies such as anaerobic digestion (AD) can treat the
organic portion of the waste while gasification and pyrolysis can be applied for inorganic waste
[1]. The food waste treated by AD produces biofertilizers and biogas that can be used to
generate electricity or undergo an upgrading process so that it can be used as cooking gas and
vehicle fuel. Besides that, AD is a more environmentally friendly approach than the LFG
recovery system for organic waste. It can be applied to a wider range of organic substrates and
conducted in all geographical locations [33,14]. Pyrolysis and gasification processes can
produce useful secondary fuel namely synthesis gas, heat and electricity at the same time
through the reaction with organic MSW without direct combustion. Unlike incineration, both
processes have cleaner emissions without any health risks to the public. Although the initial
cost for gasification is 1.5 times higher than incineration, it is 30% more efficient than
incineration which can offset the high capital cost [33]. The MSW has the characteristic of high
moisture content, low calorific value and energy density, poor grindability and low H/C and
O/C ratio might affect the quality of generated fuel. Therefore, the fuel produced from thermal
treatment can be pretreated via torrefaction to boost raw biomass to a refined fuel with,
enhanced properties like greater heating value and carbon content [13,34]. Furthermore,
pretreatment for MSW before landfill through windrow composting can reduce the bulk density
and the total mass of MSW transported to the landfill [35]. Construction waste reduction should
refer to Singapore’s practices by establishing complete guidelines on overall waste
management, providing price advantage to recycled materials [23].

8. Conclusion

Solid waste management is a great environmental concern in Malaysia owing to the rapid
urbanization and modernization. The waste disposal in Malaysia is landfill and most of the
landfills are without proper engineering design. WtE technologies serve as the alternative
approach in Malaysia rather than landfill that can achieve several outcomes such as reducing
the waste volumes disposed in landfill, increasing the lifespan of the landfill, generating
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electricity to fulfil the energy demand, cutting down the greenhouse gas emission from the
landfill and fossil-fuel based energy generation and minimizing the environmental impacts.
Limitation in LFG production, high undegradable content leading to efficiency reduction,
limited space for some landfills to equip with LFG recovery system which results in LFG
escaping through cracks. The MSW in Malaysia has the characteristics of high moisture
content, high operation cost and lack of technical skills, leading to the closure of the incinerator.
Incineration technology is opposed by the public due to the emission of heavy metals, dioxin
and furan that may bring negative impacts to both environment and human health. There is also
a RDF plant in Malaysia that generates 8 MW of electricity for self-usage as well as selling to
the national grid. From the result of the conducted life cycle assessment, incineration is more
environmentally friendly than the LFG recovery system even though it has higher GWP, AP,
NEP and carbon footprint. This is attributed to the greater efficiency and electricity it produced
which then can offset the environmental impacts. Several challenges are faced in solid waste
management today, including public opposition against incineration, financial issue, technical
limitation, lack of source separation and recycling practices, lack of public participation and
responsibility, the poor connection among each stakeholder and insufficient and inaccurate data
for policy makings. Hence, the government should implement a well-integrated solid waste
management system, promote cooperation among stakeholders, enforce the existing policies,
cultivate recycling practice among the public, and approach other WtE technologies in the
future. In the author’s opinion, the public should have a proper understanding and practice on
reuse, reduce and recycling to minimize the waste and ease the work for source segregation so
that a better efficiency of WtE technologies can be achieved.
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