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Abstract: Growing population, increased urbanization rates
and economic growth are dramatically changing the landscape of
domestic solid waste in terms of generation rates, waste
composition and treatment technologies.The socio-economic
structure of the Indian society makes per capita generation of
waste much low compared to that of the western societies. A
substantial amount of MSW is recycled and reused through the
primary intervention of rag pickers and second-hand markets,
though there are problems like the health hazard to the rag
pickers and the degradation and devaluation of the recyclables.
This paper presents in brief an over view of the Municipal Solid
Waste Management system which is the critical element towards
sustainable metropolitan development and comprises segregation,
storage, collection, relocation, processing and disposal of solid
waste to minimize the adverse impacts on Environment. The
recent attempts to increase the appreciation from 3R to 5R are
also briefly dealt with in the case studies of three major towns in
the coastal Andhra like Eluru, Kakinada and Visakhapatnam.
The paper seeks to draw attention towards role of WTE
technologies integration for disaster mitigation as part of
sustainable development process.
Key Words: Waste to Energy (WTE), Municipal Solid Waste
(MSW), Climate Change, Waste Composition and Treatment
Technologies, Disaster Management.

I. INTRODUCTION

A. Categorisation of MSW

Growing population, increased urbanization rate and
economic growth are dramatically changing the landscape of
domestic solid waste in terms of generation rates, waste
composition and treatment technologies. The global
Municipal Solid Waste (MSW) generated is expected to grow
faster than urbanization rates in the coming decades, reaching
2.2 billion tons/year by 2025 and 4.2 billion by 2050
(Hoornweg & Bhada, 2012).1
According to World Bank Group (Waste Generation Urban
Development, 2009) 2, MSW generation rates are influenced
by economic development, the degree of industrialisation,
public habits, and local climate. As a general trend, the higher
the economic development, the higher the amount of MSW
generated. Urban India is facing an ever increasing challenge
of providing for the incremental infrastructural needs of a
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growing urban population. According to the 2011 census, the
population of India was 1.21 billion; of this 31% live in cities.
It is further projected that by 2050 half of India‟s population
will live in cities (Ali & Dkhar, 2018).3With this increasing
population, management of Municipal Solid Waste (MSW) in
the country has emerged as a severe problem not only because
of the environmental and aesthetic concerns but also because
of the sheer quantities generated every day. According to
Central Pollution Control Board (CPCB) 1,27,486 TPD
(Tons per day) of MSW was generated in India, with an
average waste generation of 0.11 kg/ capita/day. Of the total
waste generated, approximately 89,334 TPD (70%) of MSW
is collected and only 15,881 TPD (12.45%) was processed or
treated. Segregation at source, collection, transportation,
treatment and scientific disposal of waste was largely
insufficient leading to degradation of the environment and
poor quality of life.The socio-economic structure of the
Indian society makes per capita generation of waste much low
compared to that of the western societies. A substantial
amount of MSW is recycled and reused through the primary
intervention of rag pickers and second-hand markets, though
there are problems like the health hazard to the rag pickers
and the degradation and devaluation of the recyclables (Joshi
& Ahmed, 2016). 4
The current definition and category as per the Solid Waste
Management Rules 2016 in India are as follows - a) Solid
Waste, B) Hazardous Waste, C) Biomedical Waste, D)
Electronic Waste, E) Construction & Demolition Waste, F)
Plastic Wastes & Biomedical Waste, D) Electronic Waste, E)
Construction & Demolition Waste, F) Plastic Wastes and G)
Lead Acid Batteries. The Solid Waste Management Rules,
2016 have further classified the solid wastes into different
categories which include biodegradable waste, dry waste,
non-biodegradable waste, combustible waste, domestic
hazardous waste, residual solid waste and sanitary waste.
II. TECHNOLOGIES
WtE technologies can be applied to several types of waste:
from the semi-solid (e.g. thickened sludge from effluent
treatment plants) to liquid (e.g. domestic sewage) and gaseous
(e.g. refinery gases) waste. The current most known WtE
technology for MSW processing is incineration in a
Combined Heat & Power (CHP) plant.
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According to the World Energy Resources5 , with proper
MSW management and the right control of its polluting
effects on the environment and climate change, MSW has the
opportunity to become a precious resource and fuel for the
urban sustainable energy mix in the future.There is a need to
use geographically designed and based thematic layers such
as land use, land cover, geology, geomorphology, soil type,
slope characteristics, and features located in the study area to
make right decision using Multi-Criterion Decision Support
Analysis (MCDA). GIS provide economic and feasible
information to identify and map the locations, output of which
is used for locating of best site suit of disposal of waste.
Remote sensing technology may be utilised for development
of various GIS outputs.
A. Recycling
Recycling includes the collection, sorting, marketing, and
processing of materials removed from the solid waste stream
and transformation or remanufacture of those materials for
use as feedstock for new products and/or other productive
uses. Successful recycling includes an examination of the
solid waste stream to determine what is recyclable and
marketable. Recycling efforts can be implemented in the
residential, commercial and industrial sectors.Recycling, in
concert with other methods of integrated municipal solid
waste management (IMSWM), including reduction, reuse,
composting, energy recovery, and land filling provides for the
safe handling of municipal solid waste (Allen, 2014)6.
III. ENERGY BALANCE FOR NEW TECHNOLOGIES
Energy balance for new technologies is an essential factor in
selection of a technology. The requirement is briefly
mentioned
covering
various
technologies
e.g.
Biomethanation, Biogas, Incineration, Pyrolosis, Plasma,
Gasification & Polymer to Fuel Process and such others.
According to the MoUD, Swatch Bharat Guide Book7,
Energy in the form of heat or electricity is obtained from
waste if there is enough energy in the waste in the first place to
take care of plant operations and leave a surplus. That is why
Energy Balance to calculate „Energy In and Out‟ is important
before selecting a particular technology.
For wet waste, in bio-methanation no moisture needs to be
evaporated out of it and pumping energy consumption is
minimal. The biogas produced can be directly used for
cooking in the kitchen that produced the wet waste, with no
deduction of energy required for transport.EAI website8 states
that the Production of electricity from biogas engines attains
40% efficiency at best and so it is not a technically preferred
option. Direct incineration of wet waste has been banned by
National Green Tribunal (NGT) because it takes a huge
amount of external energy to evaporate its initial moisture
content, dry, shred convey and burn it to produce steam and
then convert steam calorific energy into electrical energy with
current maximum 25% efficiency only. So no surplus energy
is available from it, rather the reverse.
IV. LIMITATIONS & CHALLENGES
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An increasingly demanding set of Environmental,
Economic & Technical factors represents a challenge to the
development of these technologies. In fact, although WtE
technologies using MSW as feed are nowadays well
developed, the inconsistency of the composition of MSW, the
complexity of the design of the treatment facilities, and the
air-polluting emissions still represent open issues for this
technology.In Biomethanation, wet biodegradable waste is
required; for Combustion of RDF, dry high organic waste is
required; for Gasification, organic or fossil based
carbonaceous material is required; and for Pyrolysis, organic
waste is required. Mass Burning of MSW is the only method
which does not require any segregation of waste and uses
mixed waste. However, this method of Mass Burning is
detrimental to the environment and not be resorted to on a
mass scale. Most of the above mentioned technologies require
proper segregation of waste. Lack of an efficient mechanism
to segregate waste into biodegradable/dry/wet/ carbonaceous
materials/ components is still to be established.
A. MSW & Climate Change
Swachh Bharat Mission Municipal Solid Waste
Management Manual (2016)9 brought out various aspects
related to Climate Change, gender equity aspects and informal
sector integration in MSW). MSW is related to climate
change in several ways: ISWM reduces the emissions of
greenhouse gases (mainly carbon dioxide and methane).
Waste minimization, waste recycling, WtE strategies and
landfill gas capture and use are reduction strategies for
greenhouse gases, either directly (landfill gas capture) or by
better utilising the energy and resources inherent in products
and materials (climate footprint).MSW should also reflect
needs for adaptation to future impacts of climate change. An
example is site selection and design of landfills, which might
have to reflect changing ground water tables or patterns of
rainfall.
B. Gender Equity Aspects
Women are involved in and affected by MSW in multiple
ways. They work in Urban Local Bodies (ULB, e.g. many
street sweepers and door step collectors are also women/
children) and also in the informal sector. They are
disproportionally affected by inadequate and unhygienic
practices in MSWM. This requires interventions which would
protect women from the harmful effects of unhygienic
practices which also affect their social functions in child care
and family food supply. Moreover, they are often the first
customers of any MSW collection service and engage in
segregation of waste at source at the household level. The
SWM system design should therefore consider the health and
safety concerns of women. The SWM system should also
engage in a social impact assessment which allows for gender
gaps to be brought to the forefront for systematic analysis and
corrective/ appropriate responses.
C. Informal Sector Integration in MSW
An implication of the comprehensive understanding of
ISWM is that it will involve various stakeholders – going far
beyond a merely public task for the ULB. Important groups
include the private sector and
the informal sector. The
informal sector plays an
important role in the SWM
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value chain by recovering valuable materials from waste. It
includes both, “kabadi system / scrap dealers” and rag
pickers. They help reducing environmental impacts by
improving resource recovery and reducing waste quantities
for disposal.
V. MUNICIPAL SOLID WASTE MANAGEMENT
(MSWM)
The Municipal Solid Waste Management system is a
critical element towards sustainable metropolitan
development and comprises segregation, storage, collection,
relocation, processing and disposal of solid waste to minimise
the adverse impact on Environment. Otherwise, the MSW
would become a factor for propagation of number of health
problems to the urban population.SWM in the country is
becoming better day by day, with the new and revised
legislation of waste management in the year 2016, new
schemes for cleanliness and waste management, namely
Swachh Bharat Mission, AMRUT, Smart Cities, JNNURM
etc. to tackle the challenges of rapid urbanization, population
growth and unplanned development in many cities. Emphasis
on technology and PPP mode are given to enhance resource
recovery and deriving energy and nutrients. The thrust in
waste management in new legislation is to minimize the
quantum of waste by adopting the “Concept of 5-R”–Reduce,
Reuse, Recover, Recycle and Remanufacture through
integrated waste Management. The ultimate objective is zero
waste to landfills with the core objectives of reduction in
contamination to soil, water and air, minimization of adverse
impacts on environment and health, increasing the level of
resource recovery and recycling to reduce the Greenhouse
Gas emissions (Ghosh, 2017).10After implementation of the
Swachh Bharat Mission (SBM), significant improvement has
taken place in the status of compost plants. The five states
having highest number of functional /sub optimal compost
plants as in July 2017 are, Karnataka (23), Maharashtra (17),
Andhra Pradesh (15), Gujarat (12) and Tamil Nadu (10).
(Ghosh, 2017)11
VI. POLICY TRENDS - 3RS & WASTE
MANAGEMENT AREA (FUTURE)

VII. IMPORTANCE OF WASTE MANAGEMENT /
WTE TECHNOLOGIES IN DISASTER
MANAGEMENT
Anthropogenic causes including construction have direct
impact on environment and climate change leading to higher
rate of disaster occurrence. WTE plays a significant role in
keeping the environment safe and clean in normal times and at
the same time development of resources / techniques for
futuristic use, including post disaster recovery phase.
Adhoc/unmanaged waste leads to escalation of disaster apart
from hindrance to the recovery and rescue efforts. Post
disaster, huge volume of various waste (both hazardous and
non hazardous: chemical, biological, infrastructure, natural/
plant based) could lead to health, safety and environmental
risk while slowing down the recovery efforts. Rightful waste
management utilising WTE frontier technologies remains
foremost important, for mitigation both prior to and after
disaster.
WTE resources availability could be a catalyst for speedy
recovery and reconstruction phase of Disaster Management.
Long term Plans for DRR includes reduction of vulnerability,
capacity development and optimum management utilising
technology. For a green and sustainable environment and
development, authorities should consider reducing adverse
environment impact by relevant policies for dual use of WTE
along with resource list compilation.
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disposal facilities on Regional level on cluster based
approach (Ghosh, 2017).12
Environment friendly operation, cost effectiveness and
accessibility to the local community are important factors to
achieve efficient systems. Case studies which have been
undertaken of three major towns in the coastal Andhra like
Eluru, Kakinada and Visakhapatnam provide the limitations
and challenges faced by the local urban development bodies
in providing sustainable environment duly taking in to
considerations the type of municipal solid waste to be treated
and its disposal.
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