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Abstract- Growing population leads to industrialisation and urbanization which in turn generate huge amount of waste that 

represents a big problem for many developed and developing countries. Emerging solution for this problem can be use of 

wastes as a sustainable source of energy in the form of heat, electricity, fertilizer and biofuel like bioethanol. Type of 

technology employed is mainly based on the composition of waste whether it is rich in organic matter like MSW or not. 

WTE technologies reduce the volume of waste as well as decrease the dependence on fossil fuels for energy generation.This 

study focuses on overview of various available waste to energy conversion technologies like pyrolysis, gasification, 

incineration, biochemical treatments like landfill gas, aerobic and anaerobic digestion of wastes. 
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1. INTRODUCTION 

Rapid industrialization and urbanisation has increased the generation of waste worldwide due to changes in the pattern of 

lifestyle compared to the past as there is an increase in demand for energy resources. Out of the total waste generated 

Municipal Solid Waste (MSW) has become a major area of concern worldwide. It is expected that MSW generation will 

double by 2025. Municipal Solid Waste includes household, industrial, commercial, construction and demolition, residential 

and institutional waste. Municipalities and similar entities face many problems in the disposal of MSW and associated 

feedstock due to improper segregation and management.Conversion of MSW to energy proves to be a sustainable 

management of waste. Energy from Waste (EFW) or Waste to Energy (WTE) is referred as generation of electricity or heat 

from the processing and treatment of waste. WTE technologies lead to less dependence on fuels, decrease the demand for 

dumping sites and landfills, reduce environmental pollution as well as enhance the economic viability.China is the leading 

nation with more than 300 running plants for WTE conversion. In India, on an average 0.5 Kg of waste is generated by a 

single person per day. People with higher income generate more waste because of their power to afford and consume more 

goods.The Ministry of New and Renewable Energy of India is providing financial support for promoting WTE recovery and 

also supporting through providing incentives and subsidies.  

 

Figure 1: % Waste generation distribution by different income groups [14]. 
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2. THERMOCHEMICAL TREATMENT OF WASTE 

2.1 Incineration 

Incineration is defined as the process to treat waste (non-refined and crude) by oxidative combustion [1] or can say by 

controlled burning in an advanced engineered structure i.e. incinerator [2]. It is one of the best methods for waste 

management as it reduces the volume of waste by 70% to 90%. Incineration of waste produces heat and energy at a 

temperature of minimum 8000C that can be used in production of electricity through steam turbines [3]. This technology is 

mainly practiced in the developed nations like the European Union, Japan and USA [4]. Though incineration is very 

efficient and simple technology, but cannot be employed on a large scale due to its high investment, operation and 

maintenance cost [5,6]. 

 

Figure 2: Treatment of waste through incineration [3]. 

2.2 Gasification 

In this method of WTE, waste is acted upon by various agents like steam and oxygen at a temperature of about 5000C-

18000C in a controlled environment to produce Syngas which is one of the energy rich gases. Syngas is also known as 

Synthesis gas. It is made up of carbon monoxide, hydrogen, carbon dioxide and other gases. Syngas is employed to produce 

electricity using gas turbines [3]. Gasification can reduce volume of waste by 90% and mass of waste by 70% [7]. Mainly 

solid and semisolid waste is employed in this technology [8]. 

 

Figure 3: Treatment of waste through gasification [3]. 

2.3 Pyrolysis 

Pyrolysis is a thermal or endothermic process which converts waste to more valuable products having greater calorific value 

than initial waste [9]. In pyrolysis, complex chain of polymer breaks into simpler or less complex chains at a temperature 

5000C -8000C in anaerobic condition (absence of air). Depending upon the temperature, residence time, pyrolysis reactor 

and composition of waste three major types of products are formed namely char, oil and gas [1]. This method is mainly 

employed in petrochemical industries. This is the best method for handling MSW but their use is limited due to high 

maintenance and operation cost when employed at commercial level [10]. 

 

Figure 4: Treatment of waste through pyrolysis [3]. 

3. BIOCHEMICAL TREATMENT OF WASTE 

3.1 Anaerobic digestion  

Anaerobic treatment is also referred as biomethanation. In this process, anaerobic microbes act upon and digest organic rich 

MSW to produce biogas in the absence of air [7]. Biogas is composed of 60% methane, 39% carbon dioxide and 1% other 

gases like ammonia [1]. This biogas can be used in electricity production. Sites near food processing industries and dairy 

farm will be a potential site for setting up of biogas plant. Wastes having high cellulosic material can be used to produce 
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bioethanol that can be used as an alternate fuel for petrol. Bioethanol is produced using yeasts by fermentation process. 

After extraction of bioethanol from the waste, the digestate obtained can be used as a fertilizer and fodder for cattle [11,12]. 

3.2 Aerobic composting 

In this method, organic rich wastes decomposed by the action of aerobic microbes to produce nutrient rich compost which 

can be utilized as a fertilizer in agricultural fields [7]. 

Less space is required for treatment of waste through anaerobic than aerobic treatment [13]. Wastes having high moisture 

content can be treated efficiently by anaerobic digestion.  Segregation of waste is required before applying biochemical 

treatmentas microbes do not act on non-biodegradable wastes. This treatment method is very time consuming, but it is very 

economical and environmentally friendly [14]. 

3.3 Landfill gas 

Landfill gas is produced from the decomposition of organic waste material in unsanitary landfills. Landfill gas contains 50% 

methane, 45% carbon dioxide, 4%-5% hydrogen sulfide and 1% nitrogen. This method is not environmentally friendly as 

it’s leachate pollute the ground water of the vicinity and also release greenhouse gases like methane and carbon dioxide in 

the atmosphere which can be employed to generate electricity when treated in sanitary landfills [15, 16]. 

 

Figure 5: Biochemical treatment of waste [3]. 

 

CONCLUSION 

It may be concluded from the above knowledge that efficiency of WTE technologies depends on the type of waste to be 

treated. Wastes having low organic and moisture can be treated efficiently through thermochemical treatment methods like 

incineration, pyrolysis and gasification. Anaerobic digestion can be considered to be the most beneficial method for waste 

treatment in developing countries. These WTE technologies are known to be environmental friendly, efficient and 

economical, the only need is to promote these technologies at larger scale with the support of Government subsidies, 

policies and regulations. There is also a need to develop sustainable waste management related awareness among the people 

worldwide.  
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