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Abstract: The rapid urbanization has exerted heavy pressure on land and water resources in Indian cities resulting in serious
environmental and social problems. Population growth and industrialization contribute to enormous amount of solid waste generation in
the urban environment. Municipal Solid Waste Management (MSWM) plays an important role in sustainable development and pollution
minimization. Recently a paradigm shift in solid waste management practices have incorporated with updated technologies to tackle
modern challenges in the field of municipal solid waste management. This review has briefly described about the latest municipal solid
waste treatment and disposal technologies and innovations. The current practices of the uncontrolled dumping of waste on the outskirts of
cities have created a serious environmental and public health problem. The decadal growth rate of urban population in India is 3.90 % and
rate of generation of solid waste increases exponentially by 5% (Census of India 2011). Unscientific dumping pollutes the environment to
a greater extent and hence it is difficult to find the balance between economic growth and environmental protection. The dumping of
municipal solid waste causes changes in the Geo technical properties of the soil and the quality of ground water. This review specially
focused over a paradigm shift for MSW disposal and treatment with reference to current scenario.
INDEX TERMS: MSW, Paradigm, Landfills, Leachate, Bio reactor, Pyrolysis, Plasma Gasification and MECs
INTRODUCTION:
The Municipal Solid Waste (MSW) includes commercial and residential wastes generated in municipal areas, in either solid or semi-solid
form, excluding industrial hazardous wastes, but including treated biomedical wastes (MoEF 2000). The dumping of MSW without
proper source segregation adds to the complexity of the issue. The most commonly adopted method to manage solid waste disposal in
developing countries is to dispose in open dumps which causes serious environmental problems including health hazards (Ball and
Denhann 2003). Areas near the dumpsites have a greater possibility of environmental problems such as land, surface water and
groundwater contamination because of the potential pollution source of Leachate originating from the site. Such contamination poses a
substantial risk to the local resource user and to the natural environment. The most important impact of landfill leachate is the surface and
groundwater contamination which has given rise to a number of studies in recent years (Walker 1969, Chian and DeWalle 1976, Kelley
1976, Flyhammar 1995, De Rosa et al 1996, Christensen et al 1998, Looser et al 1999, Abu-Rukah and Al-Kofahi 2001, Saarela 2003,
Mor et al 2006, Jaskelevicius and Lynikiene 2009, Bhalla et al 2011, Sholichin 2012). The MSW disposal and treatment problem and the
environmental issues due to dumping can be solved not only by designing proper sanitary landfills and application of modern treatment
and disposal techniques but also involvement of stakeholders is important to achieve meaningful solution.
Sustainable MSWM involves proper management starting from production of non–biodegradable products, usage, waste generation,
disposal at user level, collection, transportation, and disposal in dumpsites, post disposing effects on land, air and water. In the chain of
solid waste generation and disposal, the local communities are not adequately considered. Land and water contamination need to be
studied to understand the magnitude of contamination the solid waste creates in the environment. In this review an attempt is made to
priorities modern disposal practices over ancient MSW disposal systems.
The amount of MSW is expected to increase significantly in the future due to rapid population explosion and economical potential of
cities (Central Pollution Control Board (CPCB), 2000, Sharma and Shah, 2005, Hazra and Goel, 2009). The waste generation in India is
more than 42 million tons annually and the rate of solid waste generation vary from 0.2 kg/d to 0.8 kg/d (Sharholy et al.,
2008, Ogwueleka, 2009, Rana et al., 2015). It is reported from the literature study that the decadal increase in MSW generation in India is
around 5% (Sharholy et al., 2008, Kumar et al., 2009). It was estimated that the MSW generation is 127,486 tonnes per day (TPD) in
India in 2011 (Rana et al., 2017). Out of the total waste generated in India, 89,334 TPD of MSW was collected and 15,881 TPD was
recycled (TERI, 2015). At present, about 960 million tonnes of solid waste is being generated annually as by-products during municipal,
industrial, mining, agricultural and other processes in India. Out of this, 350 million tonnes is organic waste from agricultural sources,
290 million tonnes is inorganic waste of industrial and mining sectors, and 4.5 million tonnes is hazardous in nature (Pappu et al., 2007).
Metro cities in India generate approximately 30,000 tonnes of solid waste every day, and Class 1 cities generate about 50,000 tonnes
every day (Sujatha et al., 2013).
Lack of proper management of solid waste in Indian cities is very common with the absence of appropriate data including volume of
generation, collection, transportation and disposal of solid wastes generated (Shekdar, 2009). In India, the current status of MSW
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management is not very satisfactory. For example, a matrix method of evaluation of Tricity showed the efficiency of less than 40% for
the existing system (Rana et al., 2015, Rana et al., 2017).
No.

Year

Waste
Waste
generated per generated
capita (kg/d) (TPD)

1

2011

0.356

127,458.1

2

2021

0.406

17,728,107

3

2031

0.463

239,240

4

2041

0.529

313,839.7

Estimated waste generation rate in projected years in India (CPCB, 2000)

Generally, MSW is disposed of in low-lying areas without taking any precautions or operational controls, being the major cause of soil
and groundwater pollution(Nayak et al., 2007, Amadi et al., 2012). Therefore, MSW management is one of the major environmental
problems for Indian cities. When rainfall occurs, rain comes in contact with solid waste and forms leachate which finds its way to
percolate into aquifers and soil strata. Leachate may contain a large amount of organic content, heavy metals and inorganic salts (Renou
et al., 2008, Aziz et al., 2010, Aziz and Maulood, 2015, Mojiri et al., 2016). Unscientific disposal causes an adverse impact on all
components of the environment and human health (Jha et al., 2003, Sharholy et al., 2008). The waste disposal sites and landfills that are
neither properly designed nor constructed become point sources for pollution of aquifers and soils. MSW disposal is at a critical stage of
development in India. There is a dire need to develop facilities for the disposal of drastically increased amount of MSW. More than 90%
of the waste in India is believed to be dumped in an unsatisfactory manner. It is reported from the literature study that an area of
approximately 1400 km2 was occupied by waste dumps in 1997 and it is expected to increase substantially in the near future (Goswami
and Sarma, 2008, Sharholy et al., 2008). In this context, it is suggested to construct properly engineered waste disposal facilities to
improve public health and prevent environmental resources including surface water, groundwater, air and soil from being polluted
(Nanda et al., 2011, Musa, 2012).
OBJECTIVE OF THE REVIEW:
The aim of this review study to understand current scenario and shift in paradigm for MSW treatment and disposal practices adapted for
MSW to enhancing more sustainable cleaner and greener cities.
CURRENT PRACTICES FOR THE MSW TREATMENT:
Current treatment strategies are directed towards reducing the amount of solid waste that needs to be land filled, as well as recovering and
utilizing the materials present in the discarded wastes as a resource to the largest possible extent. Different methods are used for treatment
of solid waste and the choice of proper method depends upon refuse characteristics, land area available and disposal cost they are as
follows.
[A]Incineration
[B]Compaction
[C]Pyrolysis
[D]Composting
[E] Landfiling
[A]Incineration
It is a controlled combustion process for burning solid wastes in presence of excess air (oxygen) at high temperature of about 1000 C0 and
above to produce gases and residue containing non-combustible material. One of the most attractive features of the incineration process is
that it can be used to reduce the original volume of combustible MSW by 80–90%.
[B]Compaction
The Municipal Solid Waste is compacted or compressed. It also breaks up large or fragile items of waste. This process is conspicuous in
the feed at the back end of many garbage collection vehicles. Deposit refuse at bottom of slope for best compaction and control of
blowing litter.
[C]Pyrolysis
Pyrolysis is defined as thermal degradation of waste in the absence of air to produce char, pyrolysis oil and syngas, e.g. the conversion of
wood to charcoal also it is defined as destructive distillation of waste in the absence of oxygen. External source of heat is employed in
this process. Because most organic substances are thermally unstable they can upon heating in an oxygen-free atmosphere be split
through a combination of thermal cracking and condensation reactions into gaseous, liquid and solid fraction.
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[D]Composting
Composting is the most responsible technical solution for many developing countries especially, where the climate is arid and the soil is
in serious need of organic supplements. It is the bio conversion of organic waste in the presence or absence of oxygen, bacteria producing
rich manure as end product.
[E] Landfilling
Dumping of MSW by Urban Local Bodies (ULBs) within its serviced area at pre designated place generally a low lying area close to
river or any natural stream is known as Landfills and process of dumping municipal solid and non hazardous waste is termed as
landfilling. Landfills have been the most common method of organized waste disposal and remain so in many places around the world.
Now a days it is treated an unhealthy practices due to promoting air pollution, ground water pollution, Soil fertility effects, visual and
health impacts etc.
PARADYGM SHIFT IN DISPOSAL AND TREATMENT TECHNOLOGIES:
The common and old methods of municipal solid waste disposal were open dumping (Landfilling), composting and incineration. The
process of open dumping leads to water and air pollution in the form of land litter, particulates and toxic gases. Methane gas and solid
residues are also produced from burning process. American and European countries were famous for the incineration of waste with
instant energy recovery; the technology became less common due to high operational cost. Disposal is the last step of MSWM, where the
remaining trash after recycling, processing, and WTE are disposed off. Disposal is the most technical step of waste management. Experts
are encouraged to introduce technologies to lessen the amounts disposed of annually. In developing countries even today most of the
disposal sites are open dumps they have no proper leachate treatment and landfill gas utilization system. Methods like open dumping
were responsible for causing many aesthetic and other environmental issues. Following are modern MSW disposal technologies through
which the experts can avoid issues regarding leachate leaking, water contamination, and landfill gas explosion.
1. Sanitary Landfill
Sanitary Landfill is a professionally engineered depression in low population area, for the final disposal of left over MSW after all the
previous steps of integrated waste management. Waste is buried in that depression is providing liners in its bottom with leachate
collection facility in order to avoid any hydraulic connection between trash and environment including air and water. Landfill is mostly
preferred because it has the widest range of capabilities and is least expensive method of waste disposal. In Malaysia 80% of the waste is
disposed of in landfill, this could cause serious issue in near future because the present landfill sites are left with very less capacity while
the new sites are still under construction. While comparatively in developing countries landfill is the least desirable option while most
desirable option is WTE.
2. Landfill Gas Recovery Technologies
The landfill gas emissions are greatly varied due to geological, hierological and Geo technical properties which have environmental
impacts. The biotic and a biotic factor lead to generation of gas at landfill which is the combination of CH4 and CO2 this is known as
biogas. Oxidation produces a biotic gas in the presence of water and metals like Aluminum. Al produces leachate which further
undergoes redox reaction to produce of hydrogen gas. Metallic aluminum hydration and bottom ash results in gas production. If
mismanaged this gas can cause explosion of landfill or gradual leaking can cause global warming as both the gases (CH 4 and CO2) are
greenhouse gases.

3. Plasma Gasification and Vetrization (PGV)
The main reason for energy crisis today is fossil fuels cost and burning of fossil fuels. The high rates of fossil fuels and conflicts in oil
producing regions and high demand in countries have led to need of alternative sources of energy. Green-house gases have also caused a
change in climate and global warming. Alternative sources of energy that are sustainable, environmentally friendly and easily available
should be found. Municipal solid waste is considered one source of renewable energy and plasma gasification technology is a good
technology to harness this energy.
Plasma gasification uses extremely high temperatures (15000-20000oC) in an oxygen-starved environment to completely decompose
waste material into very simple molecules in a process similar to pyrolysis. Because the feed stocks reacting within the gasifier are
converted into their basic elements, even hazardous waste becomes a useful syn-gas. Inorganic materials in the feed stock are melted
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and fused into a glassy-like slag, which is non-hazardous and can be used in a variety of applications, such as road-bed construction and
roofing materials. It is used commercially as a form of waste treatment and has been tested for the gasification of biomass and solid
hydrocarbons, such as coal, oil sands, and oil shale.

Schematic flow diagram of PGV Technology (Image credit: ResearchGate.net)

4. Microbial Electrolysis Cells (MECs)
MECs is a smart green technology to overcome the global warming and energy demand, which is characterized by electrochemically
energetic bacteria to convert MSW into H2 and chemicals like methane (CH4), hydrogen peroxide, ethanol, acetate, and formic acid. This
method similar to MFCs except the cathode of MECs is not open to air. Currently MEC has gained acute attentions a capable source for
obtaining clean and legitimate energy from wastes. Furthermore, MEC has higher hydrogen recovery and substrate assortment than to
dark photo fermentation and MFC. MECs could change any biodegradable waste into hydrogen, bio fuels and other valuable products.
Electrons are transferred to the cathode to reduce the protons for hydrogen production. This approach brings a way for comprehending
hydrogen production to pass through the endothermic barrier forced by the microbial fermentation products and the potential required is
comparatively low related to the theoretically posed voltage. MEC gains above 90% of hydrogen revival against 33% with the
fermentation process. MEC showed an ability to change a variability of soluble organic matter to H2 or CH4 with immediate wastewater
treatment. According to the MEC stage holds excessive potentials for future waste bio refinery. MECs mutate biodegradable waste into
valuable energy and bio products, making the system energy-positive and carbon-less. The yield and rate of MECs are increased when
integrated with the fermentation process. Exploitation of reactor configurations incorporating new material scoots are often reduced and
system efficiency gets enhanced.

Image credit: sciencedirect.com
5. Leachate Recirculation in Bioreactor
Bio reactor landfill is a solution for the above mentioned problems. They speed up the rate of decomposition thus resulting in the
decrease in volume of biodegradable waste components. It can be a very effective tool in dealing problems of increasing solid waste
generation that would require extra land to be disposed. Bioreactors can be aerobic, anaerobic or hybrid depending upon the conditions
provided.

Image credit: leachat.info
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RECOMMENDATIONS:
The main reason for energy crisis today is fossil fuels cost and burning of fossil fuels. The high rates of fossil fuels and conflicts in oil
producing regions and high demand in countries have led to need of alternative sources of energy. Green-house gases have also caused a
change in climate and global warming. Alternative sources of energy that are sustainable, environmentally friendly and easily available
should be found. MSW is considered one of best source for renewable energy. Here are a few basic recommendations to achieve our
green goal and to meet out future energy demand of country without compromising sustainability and maintaining economic growth
level.
 By adopting Plasma technology which is an economic and abundant source of energy and a reliable source of power and helps to
minimize cost and environmental pollution. It is effective in producing large amount of renewable source of energy.
 Landfill gas recovery technology is very useful which is able to curtail green house gases (CH4 and CO2) directly imitated to the
environment.
 MECs could change any biodegradable waste into hydrogen, biofuels and other valuable products, which shows its important
role to play for producing futuristic energy.
 Priority should be given to Engineered Landfills with leachate collection and treatment facilities and the receiving amount of
MSW should be limited only 10% of total generation of waste for a city.
CONCLUDING REMARKS:
Serious environmental degradation occurs due to open, uncontrolled and poorly managed waste dumping in many metropolitan cities of
developing countries, where approximately 90% of the waste is disposed of in open dumping areas. Recently developed countries have
implemented the visionary concept of zero waste which is encouraging latest technologies of MSWM. While on the other hand in most
developing countries like India waste management is a matter of least concern, which is causing severe environmental and health issues.
The sustainable management of municipal solid waste can reduces the short and long term environmental and human health hazards. The
paper concluded that proper implementation of latest technologies or its combination with ancient to modern practices in the sector of
MSW management can play a very important role in providing pollution free and sustainable environment. It also recommends source
segregation and efficient utilization of resource recovery simultaneously use of WTE to optimize load of landfill sites.
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