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Abstract 

Plasma gasification technology offers a promising solution for the sustainable disposal of municipal 

solid waste (MSW) by converting waste into energy or valuable products, aligning with the principles 
of the circular economy. Despite its potential, plasma gasification faces challenges in terms of high 

operational costs, energy demands, and limited commercialization success. This article critically 
evaluates plasma gasification alongside traditional MSW processing methods, including biological, 

hydrothermal, and thermochemical techniques, comparing their efficiencies, costs, environmental 
impacts, and sustainability. With MSW generation projected to rise globally, it is vital to advance waste-

to-value processes that reduce landfill dependency, conserve resources, and decrease greenhouse gas 
emissions. The article also examines regional implementations, notably in China and the United States, 

highlighting the influence of policy and public perception on technology adoption. By addressing 
knowledge gaps, optimizing energy efficiency, and enhancing community readiness, plasma 

gasification could be commercialized to manage MSW sustainably, making significant contributions to 
waste valorization and environmental preservation. This review highlights the environmental 

advantages of plasma gasification over landfilling and incineration, emphasizing its potential as a 
sustainable waste management solution within the circular economy. It uniquely compares life cycle 

assessments, showcasing plasma gasification’s superior ability to reduce global warming impacts and 

enhance resource recovery. 
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INTRODUCTION 

The management of municipal solid waste (MSW) is a major worldwide concern that is made worse 
by growing garbage creation and urbanization. Traditional methods such as landfilling, incineration, and 

recycling have limitations in terms of environmental impact, efficiency, and scalability. Plasma 
gasification, a thermochemical technology, has gained attention for its ability to convert MSW into syngas 

and fuels, thus offering a waste-to-value solution 
aligned with circular economy goals (Figure 1). 

 

Process: Plasma Gasification 

MSW can be effectively converted into value for 

the circular economy through the use of plasma 

gasification technology. However, due to a number 

of difficulties and knowledge gaps that must be 

filled for plasma gasification to be successfully 

commercialized in the future, it is currently mostly 

restricted to lab- or pilot-scale applications. The 

current study examined the state of plasma 

gasification for waste-to-value processing critically. 

In terms of cost, service life, energy comparison, 
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and environmental impact, the literature's conventional approaches for disposing of and processing 

MSW using plasma gasification were discussed and contrasted. Descriptive concerns, knowledge gaps, 

and technological challenges were addressed, along with a possible roadmap for the successful future 

commercialization of plasma gasification for waste-to-value processing. Additionally, a number of 

coping mechanisms for plasma gasification difficulties were covered. By reducing costs by producing 

synthesis gas or fuels from MSW, saving energy through insulation, process integration, and 

intensification, improving stakeholder communication and community readiness through the addition 

of extra safety layers, improving process comprehension through thorough fundamental research, and 

standardizing plasma gasification technology through the creation of standards and standards 

organizations, plasma gasification can be successfully commercialized [1, 2]. Significant amounts of 

MSW are produced worldwide, and it is anticipated that this amount will increase due to increased 

urbanization and the resulting changes in lifestyle. Around 1.5 billion metric tonnes of MSW were 

produced globally each year in recent years; by 2025, that Figure 1 is expected to increase to nearly 2.5 

billion metric tonnes. In recent years, MSW generation in New Zealand has also increased, reaching 

about 3.2 million tonnes annually. It is necessary to properly manage such a large quantity of MSW 

waste in order to safeguard both human and animal health and safety as well as the environment from 

air and land pollution. Most MSW is landfilled in most countries. For instance, most MSW in New 

Zealand, which includes both organic and inorganic material fractions, is disposed of in landfills. Over 

time, landfilling and related recycling and collection strategies for mixed-solid waste have been 

optimized. Nevertheless, the swift accumulation of MSW, rising landfill costs, and issues with leachate 

and toxins in landfills are pressuring city governments to discover new, sustainable methods for 

disposing of MSW at a reasonable cost. Furthermore, the circular economy may suffer greatly as a result 

of landfilling. Waste must be effectively treated in order to convert it into value (waste-to-resource, 

such as energy), which is necessary for the circular economy. In order to support the circular economy, 

manage the growing demand for energy, and offset the energy costs of waste-to-value processes, MSW 

must be "processed" to value, or waste-to-energy. 

 

There are several methods for disposing of and processing MSW that can be found in the literature 

as an alternative to landfilling. Techniques such as hydrothermal (such as wet oxidation, thermal 

hydrolysis, liquefaction, and carbonization), thermochemical (such as gasification, pyrolysis, and 

incineration), and biological (such as composting, aerobic and anaerobic digestion) can be used to 

dispose of and process waste. Waste-to-value processing and waste disposal are two applications for 

these methods. Every method has advantages and disadvantages. Although biological methods are safe 

for the environment and turn MSW into compost or biogas, they are costly and time-consuming due to 

their large area requirements, slow rate of biological degradation, and inefficiency with hazardous 

waste. Hydrothermal techniques extract valuables from waste, minimize the volume of MSW, and are 

comparatively faster and environmentally safe.  

 

 
Figure 1. A comprehensive review of the application of plasma gasification. 
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They have greater operating expenses because of the accompanying energy needs, and they are not 

operationally safe due to safety concerns brought on by the high temperature and pressure requirements. 

Thermochemical methods, while faster and safe for the environment, turn MSW into heat, oil, charcoal, 

or syngas. However, they come with hefty running costs [1, 3]. 

 

Numerous studies on pyrolysis, steam gasification, and incineration have confirmed the use of 

thermochemical techniques for waste disposal and waste-to-value processing. Nonetheless, not much 

research has been done on plasma gasification, a newly developed thermochemical method. This 

observation may be the result of a number of difficulties related to plasma gasification, including the 

fact that it is a relatively new technology, has high capital and operating costs, is an extremely energy-

intensive process, only has a moderate level of community and technology readiness, necessitates 

proper waste sorting, has had limited success with technology commercialization, and currently has 

limited process understanding. The majority of plasma gasification's applications have been in the 

treatment of hazardous waste; waste-to-value processing is a relatively recent development. Plasma 

gasification can be a useful method for waste disposal and waste-to-value processing since it can 

separate recyclables from landfill garbage and convert carbon-based waste materials into syngas and 

fuels. To put it another way, plasma gasification can aid in the production of renewable fuels, the 

reduction of waste accumulation, and environmental protection. 

 

CIRCULAR ECONOMY 

In order to manage MSW, China uses MSW conversion technologies to create fuel and other 

byproducts. This allows for the partial maintenance of operating costs, such as capital and operational 

costs. The amount of MSW generated in China per person is a significant issue. In order to meet the 

rising demand for energy, a circular economy approach that can safely manage MSW and turn it into 

energy was therefore looked into. This study provided an overview of various waste-to-energy 

conversion technologies, their potential and actual situations in China, and associated challenges. It also 

summarized the current state of MSW treatment. As of right now, no single technology can efficiently 

accomplish waste-to-energy conversion. Waste-to-energy technology can only become commercially 

successful and community ready in this way [2]. 

 

Because of China's decades-long, profitable, fast-paced industrialization and growth, environmental 

pollution has become one of the nation's most pressing environmental issues. China has been the world's 

largest producer of MSW since 2004, which has resulted in serious environmental problems like soil, 

air, and water pollution. Data show that China has gathered six billion tonnes of unprocessed MSW, 

and about 200 of the 660 cities in the nation are dealing with trash siege issues. Even though poorly 

managed MSW presents a major risk to both people and the environment, it is increasingly 

acknowledged as a valuable renewable resource. The MSW composition varies greatly from location 

to location, and it is widely known that the local meteorological conditions and socioeconomic status 

have a major impact. Various inorganic wastes (like ashes, stones, and pottery) as well as organic wastes 

are frequently found physical components of MSW in China. Because Chinese MSW has a low-calorie 

content, incinerating it poses a technological challenge. 

 

Numerous problems with municipal solid waste management (MSWM) have recently arisen in 

China. A comprehensive waste classification and recycling system, trash setting at the point of creation, 

and accurate and accessible information about the MSW generated are some of these issues. The 

MSWM challenge can be solved in part by technological solutions, but it also involves institutional, 

legal, and environmental considerations. The ideas are as follows: (i) strengthening the recycling 

process and source isolation; (ii) passing the MSWM legislation; (iii) upgrading the city's terminal 

disposal facilities; (iv) incorporating an online MSWM survey system; and (v) developing standards 

and descriptions for recyclable materials and/or recycled products. In addition, most flammable 

materials, including paper and plastics, are collected by scavengers, and informal recycling—which 

includes organic fractions and food waste from both pre- and post-consumption—occurs often in 



 

 

Plasma Gasification for Sustainable Waste Management                                                          Bangshidhar Goswami 

 

 

© STM Journals 2024. All Rights Reserved 4  
 

China's waste management industry even in the lack of resource recovery regulations. In order to assist 

the development of MSW recycling systems, the Chinese government has recently released a number 

of policies and launched a number of programs, including legislation and a pilot program for recycling 

urban trash. MSW conversion to energy can help meet growing energy demands while also assisting in 

the reduction of greenhouse gas (GHG) emissions from landfills. 

 

MSW treatment and disposal can result in significant greenhouse gas emissions. Methane is released 

during the anaerobic MSW decomposition process in landfills, whereas carbon dioxide and nitrous 

oxide are released during incineration. In order to recover resources and turn solid waste into biofuel, 

thermal and biological treatments are widely employed. According to the Aspen Plus simulation studies 

to evaluate the techno-environmentally profitable routine of MSW integrated gasification combined 

cycle (MIGCC), MSW-to-hydrogen (MTH), MSW-to-synthetic natural gas (MTNG), and MSW 

incineration to energy technology (MTE), MTH has the highest energy efficiency (46.7%), followed by 

MTNG (43.7%), MIGCC (28.1%), and MTE (28.1%). MTH and MTNG processes are generally more 

environmentally sensitive to global warming potential (GWP) than MTE. For MSW, conformist 

incineration, oxidation, and hydrothermal incineration are the waste-to-energy methods that are most 

frequently used. This will distribute and convert MSW into usable fuels and energy products, thereby 

reducing greenhouse gas emissions significantly. There is a greater focus on managing MSW effectively 

and safely, as well as on resource recovery and valorization. Approximately 741 technical publications 

(such as research articles and reviews) with the term "MSW of China" in the article header, abstract, 

and keywords were published in indexed journals throughout the course of the last 10 years (2011–

2021), according to the Scopus record. But throughout the same ten years, this topic is covered in just 

106 articles, one of which includes the keyword "municipal solid waste-to-energy" itself. There is little 

technology transfer between emerging and developed economies, even though both produce sizable 

volumes of MSW. Based on this idea, the current article investigated MSW as a potential source of 

alternative energy generation throughout the region. This article offers a thorough examination of 

China's production of MSW and its application as a common resource recovery material using waste-

to-energy technology as well as other thermochemical and biological conversion processes. The risks, 

problems, and limitations related to the various MSW treatment systems' efficient deployment and long-

term management have been identified. 

 

CONVERSION TO ENERGY 

In the United States, incineration is frowned upon—at least when it comes to disposing of waste. 

Since the 1880s, burning MSW has been a descriptive, ethical process. However, the emergence of the 

environmental movement eight decades later brought to light the chemicals, including dioxins and 

nitrous oxides, released from as many as 600 mass-burn incinerators across the country, which had also 

expanded in size. An additional area of growing interest was the ecological benefits of recycling and 

resource conservation. 

 

These days, three brand-new methods of turning garbage into energy, known as waste-to-energy 

technologies, aim to replace mass-burn incineration by changing the way we view MSW in the United 

States. Gasification, plasma gasification, and pyrolysis are three new techniques that promise reduced 

emissions and increased energy output flexibility. In certain cases, they even promise to virtually 

eliminate landfilling through a multi-step treatment process. However, none of the methods have been 

commercially proved on U.S. land using a typical mixed MSW feedstock, according to Monica Wilson, 

program director for the advocacy group Global Alliance for Incinerator Alternative (GAIA). The 

technologies are still hindered by issues including operational inexperience, high costs, a lack of 

funding, and worries about harmful emissions, even after years of delays and high-profile failures. 

Furthermore, because MSW can be a problematic feedstock for power plants due to its heterogeneous 

nature, some critics argue that it is more important to identify which materials are actually present in 

MSW and the best uses for each of those materials, such as recycling, composting, reducing, or 

redesigning the materials before they enter the waste stream [1, 3, 4]. 
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A negative public image of incineration may also impede the adoption of more recent waste-to-

energy technologies in the United States. These days, mass-burn facilities are miles ahead of the filthy 

plants that initially incited public indignation. Stricter laws and advanced air pollution controls, starting 

with the Clean Air Act of 1970, greatly decreased the amount of dangerous chemicals that incinerators 

were emitting. About 13% of the country's garbage is currently consumed by 70 mass-burn plants spread 

across 21 states, down from a peak of 14.5% in 1990. They provide about 2.5 gigawatts of power total 

in return, which is less than tenth of what the US solar industry generates. According to the U.S. 

Environmental Protection Agency's most current inventory, MSW incinerators released approximately 

1% of the highly toxic and carcinogenic dioxin-like compounds they did just 13 years prior in 2000. 

But, in the eyes of many environmental organizations and the general public, the harm to incineration's 

reputation had already been done by the 1980s. And most of the lines that were drawn for the battle all 

those years ago still stand. Therefore, assertions that these new technologies offer a clean, renewable 

energy source and a solution to waste management have been met with concerted opposition and 

suspicion in dozens of communities across the nation that have lately faced proposals. In the end, for 

the new technologies to become widely adopted in this nation, developers will need to figure out how 

to back up their performance claims, show how they work with current recycling and composting 

initiatives, and make their projects financially viable in places where landfill space is plentiful. Even 

some advocates for the new technologies question whether it will ever come to pass [4–6]. 

 

DISCUSSION 

The discussion examines plasma gasification’s advantages over conventional waste management, 

such as its high efficiency in reducing waste volume and producing renewable energy. Challenges 

hindering large-scale commercialization include high costs, energy intensity, and limited public 

acceptance. U.S. and Chinese regional case studies highlight differing approaches and public attitudes 

toward waste-to-energy technologies, impacting adoption rates [7, 8]. 

 

CONCLUSION 

Plasma gasification holds transformative potential for sustainable waste management, yet achieving 

commercial viability requires addressing technological, economic, and societal challenges. Increased 

research, community engagement, and policy support are essential for plasma gasification to become 

an effective MSW management solution globally. 
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