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Abstract 
Utilization of plasma gasification in waste to energy is one of the novel applications meeting todays need 

for waste disposal. In this application, plasma arc, gasifies the carbon based part of waste materials such as 
municipal solid waste, sludge, agricultural waste, etc. and generating a synthetic gas which can be used to produce 
energy through engine generators, gas turbines and boilers. The non-carbon based part of the waste materials can be 
vitrified into glass and reusable metal. The analysis indicates that gasification is a technically viable option for the 
solid waste conversion, including residual waste from separate collection of municipal solid waste. The paper 
focuses on plasma gasification technology for waste disposal and energy generation with case study. It is able to 
meet existing emission limits and can have a remarkable effect on reduction of landfill disposal option. 
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I.  Introduction 
Municipal solid waste management (MSWM) is 

one of the major environmental problems of Indian 
cities. Improper management of municipal solid waste 
(MSW) causes hazards to inhabitants. Various studies 
reveal that about 90% of MSW is disposed of 
unscientifically in open dumps and landfills, creating 
problems to public health and the environment. In the 
present study, an attempt has been made to provide a 
comprehensive review of the characteristics, generation, 
collection and transportation, disposal and treatment 
technologies of MSW practiced in India. The study 
pertaining to MSWM for Indian cities has been carried 
out to evaluate the current status and identify the major 
problems. Various adopted treatment technologies for 
MSW are critically reviewed, along with their 
advantages and limitations. The study is concluded with 
a few fruitful suggestions, which may be beneficial to 
encourage the competent authorities/ researchers to work 
towards further improvement of the present system. 

Table -1: Different treatments of Municipal solid 
waste 

Sr. No. Treatment 
1. Landfilling 

2. Recycling of organic waste 

 2.1 Aerobic composting 

 2.2 Vermicomposting 

 2.3 Anaerobic digestion (biomethanation) 

3. Thermal Treatment 

 3.1 Incineration 

 3.2 Gasification 

 3.3 RDF plants (Refuse derived fuel) 

4. Recovery of recyclable material 
 

Plasma is an electrically conducting medium in 
which there are roughly equal numbers of positively and 
negatively charged particles, produced when the atoms in 
a gas become ionized. It is sometimes referred to as the 
fourth state of matter, distinct from the solid, liquid, and 
gaseous states, Lightning is a natural form of plasma. In 
industry, plasma is generated through plasma torches in 
which by heating a gas to an extremely high temperature, 
cause the present gas (usually air) to ionize and create 
plasma. The temperature outside a plasma torch can 
reach 7, 000 OF. [1, 2, 4, 5] 

The concept of treating MSW using plasma arc 
technology was first introduced by Dr. S. L. Camacho in 
December 1973 and got its first patent in this field 
(Pourali, M. 2010). He proposed a furnace with multiple 
plasma torches to continuously pyrolyze household and 
industrial wastes. He showed that the process would 
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produce useful gas that could be used for producing 
energy, and vitrified rock-like byproduct to use as 
aggregate (Camacho, S. L. 1996) for construction. The 
gaseous emission to atmosphere (Camacho, S. L. 1996) 
were limited and very much under control. The waste 
materials are processed without any ashes that would 
require to be sent to a landfill. The environmental 
regulations are becoming more stringent which in turn 
causing to increase the cost of opening, maintaining, and 
operating landfills. The harmful attributes of landfills to 
environment are also revealed through in-depth studies. 
Consequently, all of the issues related to landfills, 
created an atmosphere for academia and industry to 
extend their research for new solutions. In 1992, Dr 
Camacho was granted (Pourali, M. 2010) another patents 
for his invention in this field in 1992 and 1996. [1] 

In Plasma Gasification Process (PGP), the 
matter gasified in an oxygen-starved environment to 
decompose waste material into its basic molecular 
structure. It does not combust the waste as in the 
incinerators. Electricity is fed to a torch, which has two 
electrodes, creating an arc. A constant flow of electricity 
through the plasma maintains a field of extremely intense 
energy powerful enough to disintegrate the garbage into 
its component elements. The byproducts are a glass-like 
substance used as raw materials for high-strength asphalt 
or household tiles and "syngas". Syngas is a mixture 
(Blees, Tom 2008) of hydrogen and carbon monoxide 
and it can be converted into fuels such as hydrogen, 
natural gas or ethanol. The Syngas so generated is fed 
into a cooling system which generates steam. This steam 
is used to drive turbines which produce electricity – part 
of which is used to power the converter, while the rest 
can be used for the plant's heating or electrical needs, or 
sold back to the utility grid. The metals become molten 
and in-organics such as silica, soil, concrete, glass, 
gravel, etc. are vitrified and flow out the bottom of the 
reactor. There are no tars, furans or ashes to go back to 
landfills. [1, 2, 4, 5] 

Municipal solid waste (MSW) is considered as a 
source of renewable energy, and plasma gasification 
technology is one of the leading-edge technologies 
available to harness this energy. The MSW is an 
increasing day by day in a developing country like India 
and hence; Plasma Gasification may be proven as a 
sustainable source of energy and environmentally safe 
solution for MSW disposal in the State. [2, 4, 17, 18] 
 

II.  Principle and Method 
The basics of plasma technology are 

straightforward. A high-voltage current is passed 
between two electrodes to create a high-intensity arc, 
which in turn rips electrons from the air and converts the 

gas into plasma or a field of intense and radiant energy. 
[3, 9, 11] 

This is the process behind fluorescent and neon 
lighting where low voltage electricity passing between 
electrodes in a sealed glass tube containing an inert gas 
excites the electrons in the gas. The gas releases radiant 
energy and electric arc welding or cutting; this electricity 
passing between electrodes creates plasma that can melt 
metal. [3, 8, 9, 11] 
 
2.1 Plasma Gasification 

Gasification is a simple and commercially well-
proven technology. It involves the conversion of various 
feedstock to clean syngas, through a reaction with 
oxygen and steam; this reaction is spontaneous at high 
temperature and pressure under reduction conditions, and 
consumes half of the oxygen required for total 
combustion. The raw syngas product is cooled and 
purified, it is then used in one or a combination of many 
product applications: syngas for chemicals, gaseous 
fuels, for liquid fuels burned in commercial boilers to 
produce steam or in heat transfer process and in internal 
combustion engines to produce electrical energy. 
Combined cycles are also possible leading to co-
generation of electrical energy. [4, 14, 17, 20]  

The gasification takes place in a closed plasma 
chamber called the plasma reactor which is a sealed, 
stainless steel vessel filled with or ordinary air. A 650-
volt electrical current is passed between  two  electrodes;  
this  rips  electrons  from  the  air  and  creates  plasma.  
The plasma reactor does not discriminate between any 
types of wastes. The only variable is the amount of 
energy that it takes to destroy the waste. Consequently, 
no sorting of waste is necessary and any type of waste, 
other than nuclear waste, can be processed. [16, 18]  

The gas from the reactor has a low to medium 
calorific value, and is therefore suitable as fuel for a gas 
fired power generation unit. However, after leaving the 
reactor, the gas is still contaminated with a number of 

undesirable compounds, such as hydrogen chloride and 
metal particulates that can cause damage to machinery 

and the environment. The cleaned air similar in quality to 
natural gas, is then fed to a compressor and storage 

facility ready for use. The most typical use of the gas is 
as fuel for power generation, although it can also be used 

as a feedstock for chemical processes i.e.  The 
production of methanol. When used as a fuel for power 

generation, more power is usually produced than is 
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consumed by the gasifier. [6, 7, 8, 11, 16] 

 
Fig -1: Plasma gasification of Municipal solid waste 

 
2.2 Advantages of plasma gasification 

Plasma Gasification provides for a sustainable 
waste solution for all types of waste streams, including 
MSW, hazardous wastes, and even low-level radioactive 
waste, which delivers tangible economic and 
environmental benefits. 

A plasma gasification plant ends the need for 
landfills - and their problems by converting the free 
"fuel" that would have been placed in the landfill, in the 
form of municipal solid waste, and hazardous waste. The 
plasma gasification plant "converts" carbonaceous 
(carbon-containing) materials such as municipal solid 
waste and even hazardous waste such as bio waste from 
hospitals, into two useful and beneficial byproducts: 
1. Plasma Gasification produces an energy-rich fuel 

called synthesis gas, which is used to generate 
"green electricity" from a sustainable and renewable 
resource. 

2. Plasma Gasification produces a commercially 
useful, inert solid, referred to as “slag”. The slag can 
be used for road aggregate and building materials. 

3. Plasma Gasification does not produce hazardous 
bottom ash and fly ash. 

4. Plasma Gasification unit does not need to be brought 
up to temperature over 24/36 hours burning 
expensive fuel oil as does mass burn incineration. 

5. Plasma Gasification systems require very little 
maintenance and unlike traditional power plants, do 
not need to be shut down for weeks at a time for 
cleaning and maintenance while waste-streams back-
up. 

6. Plasma Gasification is just as efficient in smaller-
scale systems (25 and 50 TPD units) as large-scale 
systems. 

7. Plasma Gasification can provide a high degree of 
flexibility over the longer term and it can operate at 
less than 100% of capacity so there is flexibility 
when waste-stream decline. 

8. Plasma Gasification is "fueled" by the "free" waste, 
and is "powered" by electricity, and can be turned 
off with the flip of a switch. Power generation with 
Plasma Gasification reduces emissions far below 
conventional coal plants. [13, 16, 17, 19] 

 
2.3 Syngas cleaning 

The purpose of this system is to remove 
pollutants such as sulfur dioxide (SO2), particulate 
matter, hydrochloric acid (HCl) and Hydrogen Sulfide 
(H2S) vapors from the synthesis gas. The primary design 
requirements are environmental protection and safe 
operation of the gas turbine. The basic unit operations are 
those of gas cooling, particulate removal, and acid gas 
neutralization. First, the syngas is sufficiently cooled 
prior to gas cleanup it is passed through a partial quench. 
The gas leaves the chamber at 350 oC. The goal is to 
lower the gas temperature sufficiently so as not to da-
mage the downstream equipment while maintaining the 
gas above saturation temperature. The gas then passes 
through a fabric filter bag-house to remove particulates. 
The blowers are each sized at 100% to provide full 
redundancy. The gas is then in a saturation tank, which 
lowers the gas temperature to 50 oC, then it passes 
through a packed bed aqueous scrubber for acid remove. 
Sodium hydroxide solution is used to neutralize the acid. 
The gas, still “sour” at this point, then undergoes first 
stage compression for use in the gas turbine. It then 
enters the lower section of the H2S Absorber Vessel and 
flows countercurrent to a regenerated solution of che-
lated iron oxide (Fe2O3) fluid for removal of any H2S. 
The H2S absorbed by the solution is removed from the 
bottom of the H2S Absorber Vessel and circulated by the 
Rich Solution Pump, through a Solution Cooler, and into 
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the Solution Oxidizer Tank, where Air Blower introduces 
air. The air blower agitation causes the elemental sulfur 
to precipitate, forming slurry at the bottom of the 
Solution Oxidizer Tank. The slurry is removed from 
Solution Oxidizer Tank by a Sulfur Slurry Pump Tag and 
sent to a conveyor Sulfur Filter. The filtrate solution 
drains off and is returned to the Solution Oxidizer Tank, 
while the wet inert sulfur cake is collected for disposal to 
a non-hazardous landfill. At this point, the gas exiting the 
H2S Absorber Vessel is considered ‘clean’ for use as a 
fuel gas. Specific Heat Capacity of Syngas = 1.488 kJ/kg. 
K. [12, 15, 16] 

 
Fig – 2 : Syngas cleaning 

 
III.  Application of Plasma Technology 

3.1 Recent application of plasma technology 
1. Space Programs: Over forty years ago, as one of 

the first applications of plasma arc, NASA 
developed this technology to simulate the re-entry 
temperature and tested the space shuttles heat shield 
capability. 

2. Waste Disposal: United States Navy shipboards and 
a few of the cruise liners use plasma torches for 
destruction of their daily solid waste.  

3. Remediation of Radioactive Waste: Highly 
radioactive waste is mixed with glass particles and 
exposed to plasma torches and heated to produce a 
molten glass. After the mixture cools, it forms a 
stable glass and traps the radioactive elements and 
prevent them from moving through the air and 
leaching to ground water. 

 
3.2 Future application of plasma technology 

In addition to plasma gasification technology for 
waste to energy, the plasma arc can be utilized in a 
variety of commercial and industrial applications. 
Among them are: 

1. Animal Carcass and Animal Waste: One of the 
major contributors of greenhouse gases is the 
methane generate by animal wastes. Plasma 
gasification technology can be used to properly 
destroy the animal wastes and also generate syngas 
to produce electricity or heat. 

2. Agricultural Waste:  Wood chips and all other types 
of agricultural wastes can be placed in plasma 
reactor vessels and produce syngas to generate 
electricity or heat. 

3. Paper and Pulp Industry Waste: Similarly, all 
paper and pulp industry wastes can be processed 
through plasma gasification method to destroy the 
waste and generate heat or electricity. 

4. Carpet Disposal: Carpet is one of the most difficult 
wastes to dispose. High temperature of plasma arc 
can easily melt any kind of carpet. It is important to 
mention that the best practice is using recyclable 
materials to manufacture carpets and do not even 
create the problem, however, industry trend shows 
that it may take years until this practice becomes an 
industry standard. 

5. Soil in Situ (borehole) Vitrification:  For years 
application of high temperature for decontamination 
of underground waste and hazardous materials had 
been recognized. However, the difficulties 
associated with implementing it proved that the 
novel idea did not seem to be easy to apply. In 
addition it seemed even more difficult to evaluate 
the results. Now, with advances in plasma 
technology, it is possible to lower a plasma torch 
several feet into ground and pyrolyze the 
contaminated materials and melt them to shape a 
magma or lava material which when cools, it 
becomes a rock-like solid material. Experimental 
tests show that a 5 MW torch can be lowered in a 
borehole and slowly moved up to transform 
contaminated soil to a rock-like solid material with a 
diameter of 10 feet. 
The vitrified mass produced as a function of plasma 
torch energy can be presented as M(kg) = 0.35 
P(kW.h). where, M is the vitrified mass produced in 
kilogram and P is the amount of energy used in the 
process. 
Similar concepts can be applied to unstable 
underground layers of soil to create a more solid 
base. One application could be for underground 
leakage in dams. 
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6. Coal Gasification: Coal fired power plants emit 
large amount of sulphur (SOx), nitrogen oxides 
(NOx) and CO2. Similar to MSW, coal can be used 
as feedstock to the plasma gasification to generate 
syngas and use syngas to generate heat or electricity. 
This is in opposition to burning (incinerating) coal. 
The same methodology can be applied in converting 
coal to liquid (CTL), retrofitting exiting coal fired 
power plants, and mix coal with MSW and gasify 
the mix. [11, 12, 15, 21] 

7. Electric Arc Furnace dust 
8. Municipal Solid Waste 
9. Automobile Tires 
10. Coal 
11. Sludge 
12. Glass waste 
13. Hazardous fly ash 
14. Ceramic waste 
 

IV.  Conclusions 
Gasification could now be proposed as a viable 

alternative solution for waste treatment with energy 
recovery. The success of an advanced thermal 
technology is determined by its technical reliability, 
environmental sustainability and economic convenience. 
The first, and then mainly the on-line availability, 
appears today supported by years of successful 
continuous operations of about one hundred gasification-
based plants. The environmental performance is one of 
the greatest strengths of gasification technology, which 
often is considered a sound response to the increasingly 
restrictive regulations applied around the world, 
independently-verified emissions tests indicate that 
gasification is able to meet existing emissions limits and 
can have a great effect on the reduction of landfill 
disposal option. 
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