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	The increase in the national human population, economic progress, and technological advancements have collectively resulted in a significant surge in the need for energy. However, the depletion of conventional resources and the crisis of global warming are impeding the government's ability to meet the requirements of its citizens. One potential solution to address the aforementioned issues involves the adoption of Waste-To-Energy (WTE) systems, which has the capability to convert various forms of trash into usable energy. In addition to serving as an alternative energy source, Waste-to-Energy (WTE) technology has the potential to alleviate the challenges associated with trash disposal within a given nation. Hence, the aim of this study is to critically examine the environmental, economy and energy consequences associated with Waste-to-Energy (WTE) practices within the nation. This article centers its attention on organic waste and biomass, including crop output, animal waste, sewage sludge, and municipal solid wastes (MSW), which collectively account for 57.39% of the total waste in the country. The objective is to explore their potential as energy sources. 
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1.0 INTRODUCTION 

[bookmark: _Hlk151920605]At the moment, the most important thing for people all around the world to focus on is finding a solution to the problem of global warming and locating alternatives to the use of sources of energy that are not renewable. The generation of energy from non-renewable sources has caused a variety of negative effects on the surrounding ecosystem. It also generates public health issues from heavy metal, sulfur, and nitrogen gas emissions. Additionally, fossil fuels (coal, oil, natural gas) reduce [1]. Half of released carbon dioxide remains in the atmosphere because plants and oceans do not absorb it [2]. Since 2010, 80–90% of domestic power capacity and production is gas and coal [3]. Supposed that conventional fuels are the principal cause of global warming and climate change [2]. Malaysia has abundant renewable resources that create clean, green energy. Examples include wind, wave, sun, biomass, hydrogen fuel cells, and hydropower [4-8]. Due to economic progress, cultural norms, geography, and energy resources, rural Malaysians generate 0.5–0.8 kg per person per day. It doubles to 1.7 kg per day in cities [10]. Malaysian municipal solid waste (MSW) is expected to exceed 31000 tons/day in 2020 and 51,655 tons/day in 2025 [10-12]. Malaysia's multiracial society also affects it [10]. These numbers show that wastes must be reduced but are increasing. Figure 1 shows biological (aerobic composting and anaerobic digestion) and thermal (gasification, pyrolysis, and incineration) waste treatments [14].


[image: ]
Figure 1: Waste treatment technologies and their products [16]
57.39% of the trash that is gathered in Malaysia is organic waste that can be used, like food, paper, and wood [15]. Organic garbage can be broken down without oxygen to make methane gas, CH₄ (50%–54%), which can be used as fuel [11]. So, we should use the biogas that is made from all the trash that is being created to get energy back into the system. Organic matter that comes from plants, such as forestry and energy crops, woody plants, farming waste, and sewage sludge, is called biomass. Biomass is a good source of renewable energy that can be used to make fuels and electricity [1]. As a result, biomass could be a carbon-neutral fuel that lowers the amount of carbon dioxide and gas released by landfills [17].  
2.0 ENVIRONMENTAL REPERCUSSIONS

		Waste can be said to be a material or substance that is discarded. You can see it in your everyday lifestyle, the street that you walk on, the oceans, rivers, and even industrial areas. The waste in the country can be said to be increased due to factors like population growth , economic development and more. Waste is not only seen as a risk to public health and the environment. Waste can have significant environmental impacts such as pollution of air, climate change and contamination [1]. Rather than having waste to rot and pollute we can instead harness these by-products into a form of energy to generate heat and electricity.
2.1 Reducing the volume of waste

		Malaysia’s robust agricultural economy stands on the pillars of diverse commodities, with palm oil reigning as a cornerstone of its success. In 2022, Malaysia currently has 5.67 million hectares of land used to plant palm oil [20]. POME also known as palm oil mill effluent is one of the most concerning waste products generated by the palm oil industry [20]. POME is highly polluting due to its high organic content, suspended solids and oil residues. Poultry industry also plays a major role when it comes to polluting the environment. Furthermore, swine manure, dairy manure, food waste and sewage sludge also have a high amount of production in Malaysia. If these wastes are left unattended it could cause quite the number of environmental issues. However, these types of waste can be attended to and /or managed by composting or incinerating [8,19].

2.2 Diminishing of Carbon footprint
The waste that was mentioned earlier are biogas resources. Biogas production occurs through a natural process called anaerobic digestion and biogas can be said to be one of the alternative energy resources. Biogas is primarily composed of methane (CH4) and carbon dioxide (CO2) as well with trace number of other gasses like hydrogen sulfide (H2S), nitrogen (N2), water vapor (H2O) and small quantities of ammonia (NH3). Methane gas (CH4) is a colorless, odorless and flammable hydrocarbon gas. Methane gas can be produced by biological processes through the decomposition of organic matter [8,20]. Methane has its own benefits and drawbacks, one of it being that it serves as a valuable energy resource. Methane recovery refers to the process of capturing methane emissions from various source such as landfills, agricultural activities, wastewater treatment plants and industrial process. It can be used to lower the risk of greenhouse effect and also reduce the dependence on the soon depleting conventional fuels [8,21].
2.3 Preserving the groundwater resources quality
Water waste facilities, also known as wastewater treatment plants or sewage treatment plants are infrastructure systems designed to treat and manage various types of wastewaters or sewage. If water waste facilities are not managed properly, it can significantly impact groundwater resources in several ways for example contamination of groundwater, reduced in water quality as well as long term health risk [15,22]. To mitigate these risks, it is crucial to ensure that water waste facilities effectively treat and manage wastewater, one of the best ways is with a well-organized WTE system and the evaporation of the leachate by the heat produced [11].

2.4 Minimizing the risk of spreading diseases
When waste is not managed properly and left to accumulate in areas such as landfills, sewers and farms it can lead to problems such as pests and diseases [15,22]. Even though landfills and sewers are isolated from residential areas, the water waste and leachate can still invade groundwater and spread diseases [8]. Moreover, animal manure, while it can be a beneficial natural fertilizer, certain negative impacts can arise when manure is not adequately handled or disposed of. Negative impacts such as, water pollution, odor and nuisance, pathogens and contaminants [8]. However, with the aid of the WTE system it can help address some of the environmental issues related by inhibiting the spawning of the pests and preventing them from spreading viruses to the community. Furthermore, by diverting waste from landfills it can minimize the environment impacts and can help decrease greenhouse gas emissions [8].

2.5 Gas emission contains toxic compounds
Incineration faces public objection due to several concerns, primarily related to the gas being emitted are polluting the atmosphere [19]. Incineration can release various pollutant and toxic substance into the atmosphere, some of them are nitrous oxide (N2O), hydrochloric acid (HCL) and heavy metals [18]. However, incineration may not necessarily be bad since it depends on various factors, including the efficiency of the facilities, the waste management infrastructure, the type of waste being incinerated. Nonetheless, this type of problem can be solved simply with air pollution control which involves minimizing emissions of pollution and hazardous substance into the atmosphere [18,23].

3.0 ECONOMIC IMPACT
Due to the National Biomass Strategy 2020 (NBS2020) was introduced in November 2011, the government has made efforts to promote the use of biomass [3]. A projected RM30 billion (USD6.98 billion) in supplementary gross national income, 66,000 new opportunities for high-value jobs, RM 25 billion (USD5.81 billion) in fresh funding, and a 12% potential decrease of carbon emissions through the environment that will see a rise in the carbon credit are all included in NBS2020's summary of prospects and strategies in the biomass worth [3]. In March 2012, the Central Government Agency led 1Malaysia Biomass Strategy (1MBAS) delivery unit headed by former Prime Minister Najib Razak was established with the goal of promoting and publicizing the uses and advantages of biomass in every sector [3]. Additionally, the goal of 1MBAS is to persuade potential local and global industry participants to think about sustainable enterprises utilizing biomass along the whole value chain for biomass [3]. There are also disadvantages to the economy, for example the high cost of the technology required for gasification, pyrolysis, and incineration makes MSW use commercially unprofitable [16]. Gasification's large capacity and high operating costs (250,400 USD/d) make it an unfavorable option. The most affordable of them is the AD (93,575 USD/day), followed by the LFGRS (95,200 USD/per day) and the incinerator (147,900 USD/day) [16]. Another cost is the price of the structure, technology, pretreatment, conveyance, gratuity, pollution control system, and servicing [16].

4.0 ENERGY IMPACT
According to the scenario that is being projected, Malaysia's heat energy consumption is likely to reach 4.85xMJ by 2030, while the country's electricity demand is expected to be roughly 2.34x GWh [8]. The objective was for the share of renewable energy (RE) in the total power generation mix to reach 5.5% in 2010. By 2050, it is anticipated that 34% of the nation's total electricity will originate from renewable sources. This strategic shift attempts to encourage the growth of renewable energy sources while lowering reliance on fossil fuels. [14]. There is now only one incinerator facility in use in Malaysia, and it is located in Langkawi. This facility can process 100 tons of municipal solid waste (MSW) per day to produce 1 MW of power [14,16,18]. In Malaysia, there are a total of 24 biomass power facilities, collectively producing approximately 729 MW regarding electricity in 2014 [19]. Specifically, 392 MW of this capacity is derived from biomass power plants situated in Peninsular Malaysia [19]. Selangor and Kuala Lumpur landfills generated 2.20x109 kWh of power in 2010, which accounted for 1.5% of Malaysia's total energy consumption [19]. 2008 saw the installation of Malaysia's first Refuse-Derived Fuel (RDF) pilot facility, located near Semenyih. The facility can now process 1000t of MSW and create 8.9 MW of power every day, although it is capable of generating 8 MW of electricity from 700t of MSW [19].


5.0 CONCLUSION 


Waste-To-Energy (WTE) is one of the solutions to overcome the depletion of conventional fuels and the global warming crisis. In this journal, it reviews the energy impact, economic impact and environment impacts of WTE in Malaysia.
           Firstly, about the energy impact. To reduce the dependency of fossil fuels for Malaysian residents, it is better to apply WTE because of the profusion of wastes in Malaysia. The usage of WTE can be the next energy supplier besides hydropower and solar. Overall, for the energy impact, WTE can produce the energy that will be able to satisfy the Malaysians need in terms of energy.
            For the economic impact. WTE also is able to bring the profits from carbon credits and sales though the early costly expenditure. The economic growth begins to increase because the energy consumption in Malaysia is equal as Malaysia develops at a swift pace. So, WTE is good for economic progress in Malaysia. Despite the disadvantages, WTE also still can bring a good benefit for a country because there are several efforts from different organizations to alleviate the concerns.
            Lastly, for the environmental impact. WTE can cause a reduction in the amount of waste that was available in Malaysia. Besides that, the carbon footprint also will be scaling down, because all of the waste that were used are the biogas such as methane gas and methane gas is very useful to generate energy. The quality of groundwater resources also will be better through a well-organized WTE system. The risk of spreading diseases also will decrease because the WTE system can restrain pests from producing and prevent any viruses from spreading to the residents. 
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