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Abstract

Municipal solid waste (MSW) is one of the key components of India’s prominent mission “Swachh Bharat Abhiyan.” Rising
urbanization, faster economic growth, and lifestyle changes all contribute to higher waste generation in India. Unscientific
treatment, improper collection, and low use of technology-based solutions for handling MSW lead to hazards like environ-
mental degradation, water pollution, air pollution, and soil pollution. The review paper describes the current status of MSW
in different states and union territories as well as reviews the MSW generation, characteristics, and processing methods as
practiced in India. It also highlighted government policy and various geographic constraints while rolling out an effective
municipal solid waste management (MSWM) system. Furthermore, a comparison of MSW has been described for advanced,
developing, and lesser developed countries based on adopted technology, policies, and infrastructure. The study will help
decision-makers and scholars formulate more effective strategies for an effective way forward plan for MSWM.
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Introduction

Due to rapid population expansion, industry, monetary
development, urbanization, and an increase in human life-
styles, the amount of municipal solid trash generated in
India has increased. Traditional and unscientific methods of
MSWM impact the environment and cause various health
hazards to residents (Minghua et al. 2009; Rathi 2006; Shar-
holy et al. 2005; Ray et al. 2005; Jha et al. 2003; Kansal
2002). Uncollected garbage pollutes open drains, waterways,
and other bodies of water in the vicinity, harming human
health and posing an environmental hazard. Residents can
be exposed through a variety of channels including inhal-
ing toxins emitted by garbage, direct contact with polluted
water or soil, or consuming items or contaminated water.
Moreover, the population living near waste disposal landfills
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and incinerators is often more deprived and possible health
effects are cancers, birth outcomes, and lung, skin, and
abdominal discomfort or illnesses.

Furthermore, the side effects of such negative environ-
mental activities not only cause the formation of leachate,
obnoxious odors, and methane gasses but also affect the
water below the dumping site and harm the surrounding
atmosphere. The obnoxious odors are caused by the break-
down of organic material. Bacteria consume organic matter
and make sulfides, which decompose into H,S, a pungent
source of odors in the atmosphere, which may also lead to
the spread of diseases like malaria and plague (Priyadarshi
et al. 2019; Chadar and Chadar 2017). An inadequate solu-
tion for waste collection and poor transportation is respon-
sible for the accretion of garbage at every corner and junc-
tion. In urban cities, municipalities are responsible for waste
management. They used to face so many challenges such
as financial assistance, lack of good organization, political
will, and organizational complexity (Sujauddin et al. 2008;
Burnley 2007; Joshi and Ahmed 2016). Therefore, to boost
effective solid waste management (SWM) in India, citizen
involvement should be encouraged, exclusively in source
segregation and treatment methods (Kumar et al. 2009).
India has an area of 3.29 million square kilometers and is
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ranked the seventh biggest country area-wise in the world
and has a 1.38 billion population.

India is a diverse country, having massive differences in
geographical regions and people living in these areas have
consequently different garbage generation patterns. How-
ever, no tangible roadmaps have yet been put in place to
examine area-specific and region-wise generation trends of
waste. In the past decade, a rapid increase has been seen in
the rate of urbanization across the country. MSW genera-
tion is increasing due to massive population growth. Since
limited data is available for urban cities and hence for the
same scholars have to depend upon the Central Pollution
Control Board (CPCB) in New Delhi; the National Environ-
mental Engineering Research Institute (NEERI) in Nagpur;
the Central Institute of Plastics Engineering & Technology
in Chennai; and the Federation of Indian Chambers of Com-
merce & Industry at New Delhi (Narayana 2009).

The population size is directly propositional to waste
proliferation as the population increases waste prolif-
eration rate, per capita also increases. As per the CPCB
2000b* report and by the author Annepu (2012)**, Table 1
shows the per capita garbage generation rate and its growth
over a decade based on population size. Population growth
will lead to greater waste generation daily. It is estimated
that the population of India will be around 1823 million
by 2051, and approximately 300 million tons of munici-
pal waste will be generated annually, requiring around
1450 km? of land area to dispose of this volume system-
atically. However, these forecasts are cautious, assuming
a 1.33% yearly increase in MSW generation per capita.
However, for the sustainable model in metropolitan cities,
solid waste is a critical issue, which includes the collec-
tion, storage, transportation, segregation, processing, and
dumping of trash to curtail its adverse impact on human
health and the environment. The informal economy plays
a significant role in extracting value from waste; cur-
rently, 90% (approximately) of residual trash is dumped
rather than perfectly landfilled (Misra and Pandey 2005).
Hence, a self-reliant MSWM system so required efficient

collection, segregation, and an optimal transportation sys-
tem. The Recycling Index assesses a country’s desire and
capacity to maintain the solid waste in a circular material
flow-friendly way. In India, recycling accounts for 30 to
60% of paper products, 50 to 80% of plastic, and approxi-
mately 100% of glass containers. According to the Mate-
rial Recycling Association of India, India’s recycling rate
is 30% (Loizia et al. 2021). Recycle bins per population
(RBP) are a vital indicator as they provide policymakers
with vital information regarding the population density
that can be supplied by current infrastructure (Pappas et al.
2021).

RBP = number of recycle bins/population density

Many researchers recommended that proper recycling
or re-utilization of solid waste is a tenable solution that is
economically, environmentally, and socially viable (Kiriaki
2018; Dawit et al. 2019; Malakahmad et al. 2010). In this
scenario, promoting domestic garbage recycling is crucial
for reducing waste volumes, conserving natural resources,
and transitioning to a circular economy. Governing authori-
ties should examine the environmental implications of vari-
ous types of waste disposal throughout the life cycle and
build sustainable household waste recycling systems in col-
laboration with academic research. The elements that influ-
ence citizens’ attitudes and desire to recycle must be strongly
contemplated in the policy-making process. It has been real-
ized that adopting weight-based garbage billing reduces a
greater amount of waste than a fixed garbage fee. The Minis-
try of Environment, Forests, and Climate Change (MoEF &
CC) has also notified rules for SWM; however, compliance
is fickle and narrow. Population growth means massive and
crowded cities increased MSW generation in each respec-
tive city. In a report by author R.K. Annepu, data for 366
Indian cities were analyzed from 2001 to 2011 and found a
50% increase in MSW generation in one decade (Annepu
et al. 2012). Furthermore, also predicted, urban India will
generate 107.01 million tons per year (TPY) by 2031 and
160.96 million TPY by 2041 as shown in Fig. 1 which is an

Table 1 India’s waste generation rate (per capita) (Dawit et al. 2019; Kurian 2002)

Sr. No. Population Waste generation per day* (kg/ Waste generation
capita) per day** (kg/
capita)

1. Cities with a population of > 2,000,000 0.43 0.55

2. Cities with a population of 1,000,000-2,000,000 0.39 0.46

3. Cities with a population of 500,000-1,000,000 0.38 0.48

4. Cities with a population of 100,000-500,000 0.39 0.46

5. Cities with a population of < 100,000 0.36 -
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approximately five-fold proliferation in four decades. The
said huge amount of urban waste is required to be appropri-
ately managed so that no adverse effects on human health,
the environment, and the standard of living in Indian cities.

Research questions/hypothesis

1. What is the current status of waste in India?

Waste disposal is linked to one’s health in a good and
substantial way.

3. Hypotheses to assess the value of the 3 obligations of
ecological sustainability (environmental, societal, and
economical.

4. What are the different policies and missions for waste
management in India?

5. How we can formulate a way forward strategy for
MSWM in India.

The remaining paper is organized into various sections:
Section 2 is related to some factual analysis of solid waste
as practiced in the Indian cities; in Section 3, layered
structure of various components has been discussed. Some
important government missions and policies for waste
management have been discussed in Section 4. Section 5
has been related to a geographic-specific recommendation
for MSW; Section 6, indicative strategy and useful guide-
lines for making the waste management action plan have
been suggested. Section 7 is related to the critical discus-
sion. Based on various parameters, a comparison study
of MSWM for developed, developing, and lesser devel-
oped countries has been described in Section 8. Finally,
in Section 9, review paper has been concluded with a way
forward strategy.

Statistcal analysis of solid waste in Indian
scenario

Urbanization

India is the world’s second-largest country, accounting for
17.5% of the global population. Urban areas are growing
faster than in 7935 cities/towns, where 377 million peo-
ple live, which is 31.6% of India’s total population. Delhi,
Kolkata, and Greater Mumbai are cities with a population
size of 10 million-plus, 53 cities/towns have a population
size of more than 1 million, and 415 cities/towns have a
size of population 1 lakh or more (POMPI INDIA 2011).
Figure 2 depicts the information about the top five urban
agglomeration (UA) cities in terms of population. It shows
that the UA cities having more population are generating
the maximum waste.

Waste generation per capita

Waste generation per capita rate is dependent upon city size,
population, lifestyle, and types of region. There is a close
link between trash generation and pollution (per capita) and
the country’s gross domestic product (GDP); greater GDP
means greater waste generation. Waste generation rates
(WGR) are approximations of how much rubbish is gener-
ated by households or enterprises over some time (day, year,
etc.) (Loizia et al. 2021; Pappas et al. 2021).

WGR = waste production at a single location (in kg) X citizens in the same place

In India average, waste generation rate (per capita)
is 370 grams/day as analyzed with other countries such
as 2200 grams/day, 2000 grams/day, and 700 grams/day
which are produced by countries such as Denmark, the
USA, and China, respectively (Mammides 2019; Tennes-
see Valley Authority 2009; Liu and Xin-wu 2011). The
Waste Generation Index (WGI) is a statistical expression
of a country’s waste generation rate, taking into account
a variety of waste kinds such as MSW, toxic materials,
household waste, and waste plastic (Loizia et al. 2021;
Pappas et al. 2021). Population expansion, globalization,
urbanization, and economic growth are all contributing
to an increase in solid waste. Table 2 shows that high-
income countries generate more garbage per capita than
low-income countries. Middle-income countries, such
as India, have benefited from expansibility and urbani-
zation. Some of the causes driving India’s consumerist
growth are:

1. India’s population is growing, as is the middle class.

2. Particularly in emerging rural areas, there is a lot of
value for money.

3. Technological implications, as well as the growing effect
of social media on consumer behavior.

4. An increase in the number of individuals employed and
economic growth.

The pace of waste production rate indicates the use of
materials and energy, as well as the degradation of Earth’s
renewable and non-renewable resources. In India, the gar-
bage generation rate is growing at around 1.3% annually
and between 200 and 870 g per day in cities (Ministry of
Finance Department of Economic Affairs 2009). Table 3
illustrates the uppermost and lowermost waste generation
rates in tons per day (TPD) and per capita waste origi-
nation (kg per day) within the metropolitan city, class
1 city, union territory (UTs), states, and different zones
of India. After analysis, it is found that towns/cities in
southern India were producing the maximum quantity of
trash 560 g per day, in the northern part 520 g per day,
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Population Growth and Impact on Overall Urban Waste Generation and Further
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Fig. 1 Prediction of urban waste generation for the urban population in India

in the East Indian zone 500 g per day, and lowermost in
western India of only 440 g per day. Manipur, an eastern
state, has a minimum waste generation rate (220 g per
day), and Goa, a western state, has a maximum waste gen-
eration rate (620 g per day) and both are relatively small
states. Delhi is the biggest union territory to generate
per capita waste, i.e., 650 g per day (Kumar et al. 2009).
As per the CPCB report 2016, Indian cities produce 52
million tons of trash per year and approximately 0.144
million tons per day, of which only 23% is processed and
disposed of using some other technologies (Mohd Arshad
Siddiqui 2018). All data related to states and UT depicted
in Table 4 is obtained from the report of the Ministry of
New and Renewable Energy (MNRE) in 2016 (Sharma
and Jain 2019), Lok Sabha, and Rajya Sabha (Ministry
of Housing and Urban Affairs 2020), Govt of India (For-
est Ministry of Environment and Climate Change 2019).
Table 4 shows waste generation, collection, treatment,
and potential of energy recovered for the year 2015 and
waste processing percentage for 2018 and 2020, which
shows waste processing percentage is increasing in a
year-to-year basis.

Properties and types of municipal solid waste
It has been observed that rural houses produce more car-

bon-based waste as compared to urban houses. In munici-
pal zones, the main portion of waste is compostable

@ Springer

ingredients (40-60%) and inert waste (30-50%). In rural
houses, the percentage of recyclable garbage like paper,
glass, plastic, and metals is very low, due to the lack of
proper segregation methods and rag pickers who do not
segregate recyclable garbage at collection points (Gupta
et al. 2015).

Waste composition

During the scrutinization of waste, samples were taken
from various areas like industrial, residential, and com-
mercial. The trash samples were analyzed for different
physical and chemical parameters. The physical com-
position is separated by hand into compostable, reus-
able, and residue after being collected. Furthermore,
the chemical composition could be checked in the
laboratories. Some hilly cities like Shimla, Shillong,
and Kohima have a higher moisture content rate in
the mixed municipal soil waste due to heavy rainfall
(Kumar et al. 2016). The chemical composition of
MSW in India according to the population range (in
million) is shown in Table 5 and the physical composi-
tion is depicted in Table 6 (Nandan et al. 2017).

It has been observed that the waste is to fluctuate with
population density. The results are based on the NEERI
report (1995) strategy paper on SWM in India. Collection
frequencies for residual waste under the observation of the
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Population wise Top Five Cities of India

18.4
14.1
I 8.7 8.5

Greater Delhi Kolkata Chennai Bangalore
Mumbai

Population in Millions

\ 4

Cities (Urban Agglomerations)

Fig.2 India’s top five urban agglomeration (UA) cities in terms of the
population (Loizia et al. 2021)

Table2 Comparison between the MSW generation rate (per capita)
in countries (based on income) (Annepu et al. 2012)

Countries MSW generation rate (per capita)
1999 (year) 2025 (year)
Having low income 0.45t0 0.9 0.6to 1.0
Having middle income 0.52to 1.1 0.8to 1.5
Having high income 1.1t0 5.07 1.1t0 4.5

Indian cities were every 2 weeks. All values in Tables 5
and 6 are expressed in percentages and are based on a wet
weight basis. Thus, waste has variable physical and chemi-
cal characteristics depending on its sources.

Major types of waste

Waste generation depends upon different activities and
sources like regions, climate, human lifestyle, type of work,
food habits, and culture. Based on sources, MSW is catego-
rized (United Nations Environment Division of Technology
n.d.) into different categories. Sometimes, other assorted
waste like electronic waste, nuclear waste, and chemical
waste also gets mixed up with MSW. Major classifications
of solid waste are as under:

1) Residential waste
Waste generation from single-family homes and
large-family homes is called residential waste. The
waste is like food containers, newspapers, clothes, bot-
tles, wooden, plastics, cans, cut glasses, other wastes

(massive items, microchip technology-based equipment,
lubricant, tires, etc.) domestic harmful trash, etc.
2) Commercial/institutional waste

The waste generation from single large sources such
as schools, institutes, market areas, prisons, government,
and private offices. The types of waste under this cate-
gory are metals, hazardous waste, paper, electronic waste,
food waste, glass, chemical, plastic waste, and so forth.
When food decays anaerobically, oxygen is depleted and
methane is generated, both of which contribute to green-
house gas emissions. According to the published article,
India’s families throw out 50 kg of food per capita per
year, the lowest in South Asia. In 2019, 931 million tons
of food was wasted globally, with households wasting
570 million tons, followed by the foodservice sector and
retailers (Ramaswami 2021). Figure 3 shows an average,
high-income countries’ per capita food waste footprint
on the environment (CO,) is much more than twice as
large low-income ones, owing to inefficient distribution
of food and consumption habits.

3) Municipality area waste

Typically, sources of these wastes are park or street
cleaning, entertainment areas, beaches, landscaping, etc.
Such waste is generated by cleaning activities in munici-
pal areas.

4) Hazardous waste

The waste includes all types of waste generated in
hospitals, healthcare facilities, laboratories, and research
centers, which are radioactive, infectious, and toxic.
Worldwide, approximately sixteen billion injections
are governed annually; however, subsequently, entire
syringes and needles are not appropriately disposed of.
Several writers suggested that if sterilizing is done at
the generation level, then it could reduce infection sub-
stances and also be helpful to mend safety management.
The bio-medical waste in landfills generated from hospi-
tals can contaminate ground and surface drinking due to
the bad construction of landfills. World Health Organi-
zation (WHO) declares some hazardous waste (World
health organization n.d.), as illustrated in Table 7.

Key performance indicators (KPIs)

Figure 4 explains KPIs chosen by the stakeholders (van
Schaik et al. 2021).

Economic

(a) Capital

COs

, and Capital,,
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Table 3 Waste generation value (uppermost and lowermost) and waste generation rates in metropolitan cities, class 1 cities, states, UTs, and dif-

ferent zones of India (Annepu et al. 2012)

Waste generation (TDP)

Waste generation per capita (kg/day)

Lowest Highest Lowest Highest
Metropolitan Quantity 3344 11,520 0.445 0.708
Place Greater Bengaluru Greater Kolkata Greater Bengaluru ~ Chennai
Class 1 cities Quantity 317 2602 0.217 0.765
Place Rajkot Pune Nashik Kochi
All cities Quantity 5 11,520 0.194 0.867
Place Kavaratti Kolkata Kohima Port Blair
States Quantity 19 23,647 0.217 0.616
Place Arunachal Pradesh Maharashtra Manipur Goa
Union territories (UT) Quantity 5 11,558 0.342 0.867
Place Lakshadweep Delhi Lakshadweep Andaman and Nicobar
Zones Quantity 696 88,800 0.382 0.531
Zones East West East West

Waste treatment is considered to be expensive,
not only in terms of capital costs (Capitalcost) such
as the acquisition, development, and installation
of treatment trains (TT), but also in terms of daily
operational and maintenance costs. The TT’s capital
expenditure (Capitalexp) of a unit process (in euros)
represents the single-time cost of buying the unit
processes (UP), which includes the land cost. The
total annual expense for power, chemical products,
changed components, and required manpower to
run and sustain a UP includes the labor cost. The
amount of resources recovered via TT, such as
water, minerals, and power, and the nation-specific
value of the recoverable material are expected to
determine income generation.

(b) Financial willingness to pay (FWP)

The desire to pay the additional tax is influenced
by the local economic and environmental context, as
well as the expenses of implementation and operation
(Rodriguez-Entrena et al. 2012).

Technical

(a) Reliability:
Reliability refers to the performance of the TT. Since
wastewater treatment and resource, recovery trains are
a series of UPs in which the performance of one UP
affects the performance of the other UPs.
(b) Flexibility:
Conventionally, in the context of waste treatment,
flexibility is related to (i) TT performance robustness
with changing influent quality and quantity but also to

@ Springer

(ii) modularity which refers to the ease of change in the
TT design configuration.

Environmental

(a)

Odor:

The odor released from sewage treatment plants var-
ies depending on the process, but normally it decreases
as you progress from primary to tertiary treatment. This
can be linked to the type of process, such as biological
organic matter degradation, and the state of the waste-
water, such as pollutant concentrations.

(b) Noise:

(©)

(d)

UPs might have a special maximum noise potential
when it comes to wastewater treatment plants. As a result,
as stated in the equation, the overall level of noise is influ-
enced logarithmically by the noise levels (dB) emitted by
all UPs in the TT.

Footprint:

The footprint of a WWTP refers to the amount
of land used to meet municipal sewage standards. It
applies a semi-quantitative assessment to include it in
decision-making for wastewater recovery uses “land
requirement” as a KPI and employs a semi-quantita-
tive assessment to factor it into decision-making for
effluent water recovery.

Index of effluent quality compliance:

The major indicator for measuring the functioning of a
waste treatment plant is the effluent quality. Traditionally,
waste treatment plants are run to ensure that the finished
effluent meets local disposal restrictions. Effluent restric-
tions vary by nation and are broken down by contaminant.
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Table 4 (continued)

&

MSW collection Waste

2020 (up to Feb)
Total wards

(Nos.)

‘Waste

Average munici-

2018 (up to Nov)
The municipal
solid waste

Energy

Municipal solid

lected Mt/ waste treated

2015

MSW gener- MSW col-

Sr. No. State/UT

Springer

processing
(%age)

processing
(%age)

pal solid waste
generated (Mt/

day)

recovery
potential

ated (Mt/
day)

generated (Mt/

year)

(Mt/day)

day)

72
70
68

5389
53

5389
53

55
66

6500.0
89.0

2372500
32,485

19

490
0.3

2491
49

5037
49

Rajasthan
Sikkim

29
30
31

12,429
277

12,814
310

55

45

15,347.0
420.0

53 5601655

1607

14,234
407

14,532
407

Tamil Nadu

Tripura

53
78

1,53,300
2690415
6,13,200

513.19

32
33
34

73 2112 2020

7371.0

Telangana

58

11,872
1170
2527

12,007
1170
2938

1680.0

14

72

5197
0

19,180

1011

19,180
1013

Uttar Pradesh
Uttaranchal

46

38
5

35

8674 7196 1415 32 28,10,500 7700.0

West Bengal

36

*Data of Daman and Diu and Dadra and Nagar Haveli is combined for the year 2015

Layered structure of various components
of MSWM system

An effective MSWM system is working to address environ-
mental and public health issues, assets, artistic, appropriate
land use, and clearance of garbage (Ferronato et al. 2018;
Marshall and Farahbakhsh 2013). MSW management con-
sists of various components like the collection of waste,
segregation, transportation to landfills, processing of waste
in plants, and disposal at landfills/dumping sites. The effi-
ciency of the management system of municipalities depends
upon the better working of these components. Still, in Indian
urban cities/towns, MSW is disposed of commonly in open
dumps or low-lying areas, unscientifically without proper
safeguards, which adversely impacts human health and the
environment (Kumar et al. 2010; Alam and Kulkarni 2016;
Mandal et al. 2019; Gidde et al. 2008; Kalyani and Pandey
2014; Kumar and Samadder 2017; Mani and Singh 2016;
Sharma et al. 2000; Rajput et al. 2009; Sahu et al. 2014). As
per the CPCB annual report (2019-2020) (Central Pollution
Control Board 2019), details of municipal solid with dif-
ferent parameters in India are shown in Table 8. A detailed
layered structure of all these components is shown in Fig. 5
and explained herein under:

Collection

The responsibilities of waste management are lying with
municipal corporations and urban local bodies, and their
function in the urban areas, towns, and cities is being noti-
fied by the government. According to the CPCB annual
report, during the year 2018-2019, all states and union ter-
ritories collected 1,49,748 TPD out of the 1,52,076 TPD
solid waste generated in India. For a smooth collection of
garbage, municipal administration uses several methods
which are as below:

e Municipal community bin collection

e Door to door collection

e (Collection on a routine basis must be announced in
advance

By integrating the aforesaid approaches, we can achieve
greater collection efficiency (Vij 2012). However, generally
in Indian cities, waste collection is highly unorganized either
at the household level or community level. Mostly the urban
towns/cities are lacking efficient methods for storage of
MSW at the source level. In several towns/cities, collection
bins used are neither designed well nor appropriately placed.
It leads to poor efficiency in collections of MSW; thus, aver-
age collection costs in the Indian towns/cities are 50-70% of
the total budget for waste, which is a key component for the
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Table 5 Chemical composition of MSW in India as per the population range (in million) (Sharma and Jain 2019)

Range of popula- No. of cities Moisture %  Organic matter %  Nitrogen as Phosphorous Potassium  C/Nratio  Calorific

tion (in million)  surveyed total nitrogen % as P,Ss% as K20 % value in
kcal/kg

0.1t00.5 12 25.81 37.09 0.71 0.63 0.83 30.94 1009.89

0.5t0 1.0 15 19.52 25.14 0.66 0.56 0.69 21.13 900.61

1.0t0 2.0 26.98 26.98 0.64 0.82 0.72 23.68 980.05

2.0t05.0 3 21.03 25.60 0.56 0.69 0.78 22.45 907.18

5.0 and above 4 38.72 39.07 0.56 0.52 0.52 30.11 800.70

Entire values, excluding moisture and calorific value, are on a dry weight basis. Source: NEERI, 1995

Table 6 Physical composition of MSW in India as per the population range (in million) (Sharma and Jain 2019)

Population range  Number of cities Paper (%) Leather, rubber, and  Glass (%) Metal (%) Compostable Inert material (%)

(in million) surveyed synthetics (%) material (%)

0.1t00.5 12 291 0.78 0.56 0.33 44.57 43.59

0.5t0 1.0 15 2.95 0.73 0.56 0.32 40.04 48.38

1.0to 2.0 4.71 0.71 0.46 0.49 38.95 44.73

2.0t05.0 3 3.18 0.48 0.48 0.59 56.57 49.07

5.0 and above 4 6.43 0.28 0.28 0.80 30.84 53.90

Fig. 3 Per capita food waste

footprint on climate in different 900
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cost reduction (Talyan et al. 2008; Saxena et al. 2010). At
the collection point, segregation of garbage is not being per-
formed and different types of wastes such as decomposable
and non-decomposable are placed in common bins and, at
last, disposed of at a collective dumping epicenter. Accord-
ing to the position, two types of bins are used for collections
of waste, i.e., fixed and moveable. Due to the flexibility in
transportation, the movable bins are not very durable (Sid-
diqui et al. 2006; Central Pollution Control Board 2016) as

compared to the fixed bins. Solutions that combine Internet
of Things (IoT) technologies with alternative techniques for
sustainably handling disposable food containers.
Furthermore, the design of recycling bins has been
found to have a significant impact on waste manage-
ment. To promote recycling, its actors should consider
the design features of recycling containers. The struc-
ture, color, and design of the bin; cover; and sign must
all show which materials can be recycled. The color of

@ Springer
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Table 7 Classification of hazard waste as reported by WHO (Forest Ministry of Environment and Climate Change 2019)

Source Waste category

Description

Issue

Hospitals, clinics Communicable

Laboratory, medical research Biochemical
center, industry
Pharmaceuticals industry Pharmaceutical

Hospitals, transplant center,
the medical research center

Pathological

Atomic research center Radioactive

Hospitals, clinics, dispensary Sharp waste

The disease spreads such as waste polluted
with body fluids and blood

Waste having biochemical elements such as
test center substances, filmmaker, broken
thermometers with mercury, and antiseptics
that are expired and further not required

Drugs that are expired or no longer required

Humanoid skins, tissues, physique parts,
fetuses, fallow blood products

Waste having active materials such as unused
fluids from radiotherapy or test center train-
ing

Used or unused sharps such as syringes along
with needles, blades, broken glass, knives,

Health, cleanness of operation

Safety issues, lack of financial assistance

Illnesses
Insects may bite, which is health hazards

Health issues, soil degradation, water and land
pollution

Physical cuts in the human body, health haz-
ards, injuries

and needles

Fig.4 Key performance indica-
tors selected by the stakeholders

ENVIRONMENTAL

SOCIAL ECONOMIC
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« Risk of infection
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* Acceptability
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*Willingness to pay for the
environment
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genration

the bins usually indicates the type of recycling material;
common bin colors include green, orange, red, blue,
white, yellow, beige, and gray. The most significant pur-
pose of color is to visually transmit information and to
promote behavior changes toward recycling intentions.
Furthermore, Table 9 depicts a comparison of several
studies showing that different colors in different recy-
cling programs convey the same meaning, message, and
information.

Many big cities just start the house-to-house garbage col-
lection with the assistance of welfare associations and non-
governmental organizations (NGOs) on notified monthly
payments. Municipalities provide transportation facilities
from the public dustbins up to the dumping sites. NGOs
and citizen teams are also employed to supervise visits. Most
states are unable to provide the facility because of a lack
of effective collection methods, missing better transporta-
tion services, no proper techniques for reuse and recycling,
and lack of manpower (Nema 2004; Malviya et al. 2002;
Bundela et al. 2010; Gupta and Arora 2016; Khajuria et al.
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2011; Kaushal et al. 2012; Pariatamby et al. 2015; Hazra
and Goel 2009).

Segregation

For effective MSW management, waste segregation is
the biggest issue not only in developing countries but
also in developed countries. The waste treatment unit’s
performance waste treatment unit rises with a good feed
of waste such as plastics, paper yard waste, and wood
products. The segregation process takes place in a risky
and harmful atmosphere; thus, the efficiency of the sepa-
ration is very poor, as valuable objects are segregated
from the waste by the unorganized sector, which returns a
high market value in the recycling market (Sharholy et al.
2008). It has been observed from the report of CPCB
(2013) that sometimes during the ferry of garbage to dis-
posal sites, the detached material got mixed over again
due to mismanagement. According to the 2020 Swach-
hata Sandesh Newsletter by the MoHUA, Tamil Nadu
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has attained complete segregation in 20 of its 50 small
municipalities, with the remaining municipalities achiev-
ing 80-90% segregation. But, in the majority of states,
the blending of segregated and unsorted garbage is still a
major issue. In Chhattisgarh and Kerala, waste segrega-
tion has been practiced by all houses in all wards. Daman
and Diu and Dadra and Nagar Haveli have attained 100%
segregation at source among the UTs.

Transportation

Transportation is the main component to make the
MSWM more effective. Different modes of transporta-
tion are trucks, dumpers, bullock carts, rickshaws, etc.
There is no proper transportation system in the small
towns; generally, small trucks having a capacity of 5 to
9 tons are being used. The maintenance of garbage col-
lector vehicles is generally furnished in a garage of urban
local bodies. However, mostly the garage provides the
only trivial repair. The waste transportation through sta-
tionary compactors, mobile compactors, and tarpaulin is
about 65%, 15%, and 20%, respectively. No surprise, at
the time of failure of such automobiles, the entire assem-
bly, carriage, and clearance proficiency shrink harshly
(Upadhyay et al. 2012).

Activities and approaches/techniques for waste
processing

According to the MoEFCC, only 75-80% of municipal waste
is collected, and only 22-28% of that is handled and treated.

Table 8 Status of municipal solid waste in India (Mandal et al. 2019)

Parameter status Status
Total generated waste 152,076 TPD
Total collected waste 149,748 TPD

Waste segregation (at the source 24 out of 35 states/UT

level)
Total landfill sites (functional)
Waste processing facilities set up

22 out of 35 states/UT

2028 numbers

Waste processing facilities (opera- 160 numbers
tional)

Landfill sites (identified)

Landfill sites (functional)

Number of energy generation plants

1161 numbers

37 numbers

6 functional, 5 non-functional
55,759 TPD

50,161 TPD

Processed waste
Landfilled waste

Prevention activities

Trash prevention will be explained as the avoidance,
reduction, and reuse of waste at the source, exclud-
ing off-site recycling. Garbage prevention also entails
taking steps to minimize the negative effects of waste
on the atmosphere and public health (Zorpas et al.
2014). Waste prevention or minimization is placed
at the top of the waste management policy (hierar-
chy). The prevention plan aims to manage trash by the
waste hierarchy, minimize waste’s carbon footprint,
and develop a range of strategies to promote waste
processing and reuse, resulting in higher resource
efficiency (Zorpas et al. 2017). To reduce waste man-
agement costs, the state may enact policies to limit the
growth of unnecessary garbage within the city and to
reduce waste generation at the source. Home compost-
ing and communal biogas, as well as other activities
such as cattle feed, can all help to reduce trash. Hor-
ticultural waste, drain silt, demolition/construction
debris, and other items must be handled and man-
aged individually. For trash minimization and seg-
regation, the awareness program will be an effective
tool. Immediate attention is required to focus on the
generation/handling of bio-degradable components of
waste as it has the potential to produce negative health
impacts and require immediate stabilization.

Awareness activities

1. Raising awareness about trash segregation and its advan-
tages.

2. Set up a wet waste composting plant.

3. Include waste management education into the curric-
ulum of the school; emphasize the necessity of waste
prevention, repurposing, and recycling; and teach pupils
about the causes and effects of trash disposal.

4. To change public behavior through awareness and sen-
sitization activities in the field of SWM. People should
be encouraged to separate moist, dried, and harmful gar-
bage from their homes.

The different techniques and methods are being used
depending upon the type of waste for processing solid
waste. Figure 6 shows different types of techniques for
wet and dry waste. Here, the type of waste means dry and
wet waste. Further technology used for processing is based
on the type of waste and its characteristics.

Techniques for waste processing

1. Composting

@ Springer



1176 Page 12 of 26

Arab J Geosci (2022) 15: 1176

Waste Collection

Y-

Segregation

= N
& —
Government Supper
[Householder] [ Hotel ] Building/Institute
W,

X

.
,.| Layer 2

Biodegradable
Waste

Non-biodegradable
Waste

Metal dumper

v

Metal dumper

Others

¢ ! Metal dumper
bin (green) bin (white) /77Tt bin (black)
.
,—I Layer 3 H
¢ 2 Y h
¢ Dumper ¢ Dumper ° Dl{mper placer
Transportation plazer placer * Skip loader
« Compactors « Compactors * Refuse collector
o Hook loader o Hook loader tractor
. J
Layer 4
ayer N
\4 \ 4
Processing . Processing Plant
Cempesting WtE / RDF
\_ J
Rejects
Layer 5
Residue from processing plant (not to exceed 15% of waste delivered at
Dumping/Dispose processing facility) andfurther to be reduced to less than 5% within the

stipulated time frame. Inert waste to be disposed at landfill
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Compost consists of lots of non-organic materials which
makes it difficult to produce good quality products. In rural
India, composting is used traditionally for the disposal of
garbage. In India, the first large-scale aerobic composting
plant was set up in 1992 by Excel Industries Ltd. to knob 500
tons per day of solid waste in Mumbai city, and nowadays
various plants have been established in the major cities of
the nation. The productivity of the composting plant is ren-
dered useless due to the lack of proper garbage segregation.

@ Springer

The projected potential in India for generating compost
from MSW will be approximately 4.3 million tons annu-
ally, which will be helpful to minimize the gap between the
necessity and availability of compost (Nagari 2017; Kodali
and Gorantla 2017).

However, neither those who generate garbage nor those
who collect it make a serious endeavor to distinguish
between different categories of waste, whether it is plastic
or food. The same treatment is given to all types of waste
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Table 9 Color of recycling bins per material in different countries
(Pappas et al. 2021)

Materials Colors Places/schemes/country
Paper Blue Various cities/Germany

Red Brixworth/UK

Orange  Mashhad city/Iran

Yellow  Athens/Greece

Brown  Various cities/Cyprus
Plastic Yellow  Palmerston Massey Univer-

sity campus/New Zealand

Red Mashhad city/Iran

Brown Hong Kong

Blue Various cities/Cyprus
Commingled recyclables  Orange  Fuchu/Japan

White Puducherry/India/Mexico

Green Germany

Yellow  Berlin

Blue Brixworth/UK
Aluminum cans Yellow  Hong Kong
Food residuals Green New Zealand

Brown  Barnet London Borough/UK
Compostable waste Green Fuchu/Japan/Puduchetty/India

Gray Germany

that are simply dumped randomly and allowed to accumulate
at the dumping site. However, no hard effort to differentiate
between the various types of garbage, whether that is food-
stuff or plastic, by folks like us who generate it or even by
authorities who have the responsibility to collect it. Waste
segregation is the fundamental step in waste management,
proceeded by wet waste composting and dry waste recy-
cling. Furthermore, waste management entails an array of
things and initiatives that individuals and governments must
undertake to lessen their CO, emissions. Waste management
is being promoted through a sensitization campaign and citi-
zen participation. To maximize citizen participation, citizens
must be persuaded via interactive platforms such as the web,
apps, and mobile exhibitions that provide knowledge about
composting and highlight that waste infrastructure alone is
insufficient. More citizen participation will not only aid in
maintaining a healthy ecosystem in the city but will also help
in decreasing the quantity of waste produced. In India, wet
garbage accounts for half of the average waste generated,
which largely includes kitchen waste and yard waste. This
garbage has a high tendency of being recycled at the source
of origin and turned into high-quality compost. Compost-
ing at home is a simple method for treating organic waste
produced in homes and offices using natural organic pro-
cesses. Managing segregated waste in a decentralized way
has several of advantages, including minimizing transporta-
tion costs, minimizing the need for frequent waste collection,

boosting recycling efficiencies, and improving waste suit-
ability for processing, allowing waste to be managed as a
valuable resource. Individuals without specialized skill sets
or equipment can practice it.

Some important features of composting are:

e Low cost, low infrastructure, and required minimum set-
up.

e Compost is a marketable product.

¢ Give useful contributions to agriculture.

The processing and utilization of municipal garbage as
compost support the Government of India’s “SWACHH
BHARAT ABHIYAN” campaign. India is first in terms
of the number of organic farmers and ninth in terms of
organic farming area. Sikkim has become the world’s first
entirely organic state, and other states such as Tripura and
Uttarakhand have set similar goals. Composting not only
brings higher prices for organically grown crops but also
helps break up thick clay soils and adds essential nutrients
to the soil. Furthermore, it aids in the reduction of methane
emissions from dumps and the reduction of carbon foot-
print. Organic farming is a sustainable agriculture system. In
India, 51% of MSW is organic, 17.5% is recyclable (plastic,
paper, metal, and glass), and 31% is inert. It reveals that
organic waste makes up the majority of garbage, rendering
composting the best option in India. Composting helps to
ensure environmental sustainability. The different compost-
ing techniques, each having its pros and cons, are used in
India, i.e., aerobic or windrow, anaerobic composting, and
vermicomposting. Aerobic is a commonly used method,
which can better handle bulk quantity as compared to ver-
micomposting, but required high maintenance. In anaerobic,
organic materials are naturally broken down and piled up. A
pungent smell is generated due to a large amount of methane
produced. Vermicomposting is a nature-friendly and bio-
oxidative mechanism that stabilizes organic waste into useful
bio-products. It provides major and minor quality nutrients
to the plants and needs high maintenance and more start-up
resources either in money/time and labor (Kurian 2002).

2. Waste to energy (WIE)

The approximate power generation capacity in India from
solid waste is 538.3 megawatts (MW). Government is conti-
nously making effort to enhance the overall capacity. India
will achieve 1075 MW by 2031 and further to 2780 MW by
2050. As per the Govt. of India, the MNRE report of the year
2016, there are only 7 running plants having a total capacity
of 92.4 MW, 4 under process plants having a capacity of
40.6 MW, under construction 31 plants having a capacity
of 241.8 MW, and under proposing 21 plants having the
capacity 163.5 MW. Table 10 depicts the list of working and
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non-working waste handling plants in India with their power
generation capacity, waste intake, and technology used. As
per the MNRE, at the household, community, and organiza-
tion level, 4.3 million biogas plants have been built.

High capacity plants’ result has not been so fruitful but
small plants having a capacity of 0.5-50 Mt per day are
successfully working, in many states (Ministry of new and
renewable energy 2016; Saha et al. 2010). During the last
few years because of the Swachh Bharat Mission, the waste
in the energy field is an attractive area for researchers,
whereas the government’s main attention is solar energy,
which motivated the expansion of biogas energy fields (Kre-
ith and Tchobanoglous 2002). In the context of waste to
energy, the ministry stated that “Energy recovery in the form
of electricity, heat, and petroleum from the leftover is pos-
sible through various methods. These processes are often
grouped under Waste to Energy technologies” (CPHEEO
(Central Public Health and Environmental Engineering
Organization) n.d.; Power generation from municipal solid
waste n.d.). The following technologies of WtE are used in
India:

a) Incineration
It is a controlled process for burning the garbage and
residue having flammable material. It is cost-effective,
operated in any climate, and required minimum land;
therefore, it is very useful in those places where there
is scarcity of land. The end products of this process are
carbon dioxide, ash, and water vapor which generates

@ Springer

intermediate product heat which is used for the produc-
tion of steam, heating water, and electricity generation.
b) Pelletization
It is a compressing process that converts the material
into the shape of pellets. Refuse-derived fuel (RDF) is
referred to as fuel pellets; they are small chops/cylinder-
shaped chunks formed out of garbage having a calorific
value of 4000 kcal/kg and are quite close to the coal;
therefore, it can be a good substitute for coal, wood, etc.
¢) Bio-methanation
The bio-methanation technique is used for wet biode-
gradable waste to recuperate both energy and nutrients
contained in recyclable leftovers. There are two ways to
use biogas such as thermal energy and electricity gen-
eration through turbines and gas engines.
d) Pyrolysis
It is used where carbon-based solid is heated in the
absence of a reacting agent and generates three prod-
ucts: (a) gasses (carbon monoxide, hydrogen, methane,
hydrocarbons), (b) liquid (tar/oil), and (c) solid residue
(char). Two techniques fast and slow pyrolysis is used
when to generate bio-oil and charcoals, respectively.

Even though India has a large amount of waste, certain WtE
plants have had difficulty obtaining a continuous supply of
MSW. Only 70% of MSW gets collected; hence, there is a
need for reform so that WtE can function properly (Nixon et al.
2017). The absence of source separation and public participa-
tion in waste-to-energy in India is a major barrier. Improved
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Table 10 List of waste treatment plants in India with status working or non-working (Upadhyay et al. 2012; Zorpas et al. 2014)

Sr. No. Location of city/state or UT Garbage intake Used technique Energy generation Present position
(Mt/day) capability (Mw)

1. Okhla/Delhi 2000 Incineration 16 Working

2. Ghazipur/Delhi 1300 Incineration 16 Working

3. Narela-Bawana/Delhi 1300 Incineration 24 Working

4. Karimnagar/Telangana 1100 RDF-based 12 Working

5. Pune/Maharashtra 700 Gasification/pyrolysis 10 Working

6. Jabalpur/Madhya Pradesh 600 Incineration 11.4 Working

7. Solapur/Maharashtra 400 Anaerobic digestion 3 Working

8. Goa - - 0.6 Working

9. Chandigarh - RDF 40 Working

10. Barabanki/Utter Pradesh - RDF 2.5 Working

11. Visakhapatnam/Andhra Pradesh - - 15 Working

12. Guntur/Andhra Pradesh - - 15 Working

13. Rajahmundry/Andhra Pradesh 1074 Incineration 13 Non-working
14. Kanpur/Utter Pradesh 1500 RDF 15 Non-working
15. Nakodar/Punjab - - - Non-working

education and public awareness have the potential to promote
citizen participation in MSW for proper segregation. The
SWM Rule 2016 must be strictly enforced to reduce waste
contamination with soil, road sweepings, and industrial waste.
The government should provide more funding to ULBs, and
supportive processes should be developed. Generating energy
from trash is a paramount aspect of SWM since it reduces
waste volume.

Dumping and disposal

One of the major MSW disposal methods is landfills. In
some emerging countries, solid waste is thrown openly
without any aforementioned action and hence results in
environmental corrosion. In India, there are currently 3159
dumpsites, which are a major cause of groundwater degrada-
tion and air pollution. They also have concerns with flames,
stability, and depreciating esthetics. Bio-mining, which is
essentially a process for stabilizing waste to minimize its
harmful environmental impact, of these dumpsites has just
been launched in 11 states, due to the intervention of the
Hon’ble NGT (Central Pollution Control Board 2019).

Contribution toward the circular economy

The circular economy (CE) is a modern effort to conceptu-
alize a sustainable approach to integrating economic activ-
ity with environmental well-being (Yaduvanshi et al. 2016).
It focuses on process redesign and material recycling,
which help to create more sustainable business models.

The widely panned linear economy paradigm produces
goods from finite resources and dumps garbage in land-
fills as shown in Fig. 7. An “economy in loops” of resource
conservation, trash prevention, and extension of the life of
a product was envisioned and shown as an early approach
to practical sustainability (Murray et al. 2017). Based on
the examination of many decades of observation, the cur-
rent approach to CE recommended a stronger recycling
target (Pearce et al. 1990). Sampurna Earth is an example
of a current CE practiced by a non-governmental organiza-
tion in India. Raising awareness of successful waste man-
agement techniques in India goes a long way toward the
acceptance of new sustainability policies. Segregated trash
is handled differently in the system, with sludge repur-
posed in shorter cycles to assure re-absorption in the local
environment and enrichment to transform it into methane,
energy, and fertilizer. Dry trash is further separated into
e-waste, paper, textiles, and other items at the proper col-
lection center, where waste-collecting agencies recycle and
reuse it. CE implementation is achievable in India. It is
critical to replicate the zero-waste method, improve col-
lection chains, raise citizen awareness, and receive govern-
ment assistance. Although assessment instruments can be
learned from industrialized economies, they cannot be used
without sowing the seeds of CE training and education in
waste management at different levels. The transition to CE
practices and strategies as a whole may seem slow but must
begin now. Educating and raising knowledge of effective
waste management strategies among Indians go a long way
toward the adoption of innovative sustainability policies
and procedures.
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SWOT (strengths, weaknesses, opportunities,
and threats) analysis

The SWOT of the proposed strategy has been explained
in this subsection. The following variables are explored as
community strengths:

1. Segregation of waste has made progress in recent years.
The emergence of a system of environmental fines and
penalties that is distinct from the tax system.

3. Several local groups, organizations, and non-govern-
mental organizations (NGOs) engage in a variety of
sociocultural and developmental activities using both
formal and non-formal techniques.

4. Youth are the community’s most energetic, passionate,
and creative human resources for good MSWM through
active community engagement.

5. Encourage citizens to adapt their recycling habits by
rolling out new incentive schemes.

In terms of weaknesses, the following factors were discovered:

1. There is a lack of a standardized method for gathering
and recording information on waste types, recovery and
recycling processes, and other factors.

2. Proper waste segregation at the source, i.e., residential
segregation, is lacking.
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3. “Not in my backyard” and the "Who cares” syndrome
are examples of public apathy and a society’s unwilling-
ness to collaborate and engage.

4. There is a lack of environmental knowledge, awareness,
and mindsets in society.

5. There is a scarcity of information, education, and com-
munication (IEC) current resources for sanitary work-
ers and community members’ capacity building such as
knowledge and understanding, and orientation.

Opportunities:

1. Increasing self-sufficiency and mutual aid among stake-
holders.

2. New regulations and acts will be enacted, as well as a
new ordinance, to promote optimal MSWM.

3. Encouragement of cost-sharing activities, so that local
communities, as well as other stakeholders, can more
effectively support and encourage the program.

4. Unemployed youth can contribute to the creation of
MSWM microenterprises and society initiative groups.
MSWM microenterprises can provide youngsters partici-
pating in the program with an alternate source of income.

The following factors should be considered as threats
to the MSWM program:

1. The government does not provide local communities
adequate power.

2. There is a lack of collaboration between the public and
commercial sectors.

3. Government officials’ unwillingness to improve their
performance and identify the best, collectively agreed
on solutions for efficient MSWM in the city.

4. The government and the citizenry have opposing view-
points. Likewise, ideologies in general.

Government mission and policies for waste
management

To assist states and cities in the effective implementation of
SWM, the Ministry of Housing and Urban Development has
published the revised MSWM Manual 2016, in line with the
SWMR (Solid Waste Management Rules) 2016. It provides
guidelines for the urban local bodies and also helps states
and cities in taking effective decisions for the SWM system,
to achieve the desired goals of the Swachh Bharat Mission.
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Swachh Bharat mission

e On 2nd October 2014 (on the special day of Mahatma
Gandhi’s birth anniversary), this mission was begun by
the National Democratic Alliance (NDA) government.

e The objective of the mission is to clean the lanes and
roads, build public toilets, make awareness of SWM,
and develop the infrastructure of the country.

e SWM is an important part of the Swachh Bharat mis-
sion. The central government gives financial aid to the
urban areas for the SWM for 5 years.

e More expectations from the state governments and
ULBs to focus on setting a priority, efficiently execute
the plan, and give the outcome which will help to
define the scope and compliance of the mission.

e-waste management

The Government of India, Ministry of Environment,
Forest, and Climate Change, is the central agency for
the planning, coordination, and monitoring of India’s
environmental policies and programs. One of the main
goals of the MoEFCC is to prevent and control pollu-
tion. The Minister of State for the MOEFCC in response
to question no.4553 regarding e-waste raised during the
Parliament of India, Lok Sabha (House of the People),
only six states have finished the e-waste generating
inventories, including Jammu and Kashmir Goa, J&K,
Himachal Pradesh, Madhya Pradesh, Chhattisgarh, and
Punjab (Government of India Ministry of Environment,
Forest And Climate Change 2019). In 2019, the United
Nations University report, “The Global E-Waste Mon-
itor 2017,” 20 lakh tons of e-waste was reported in
India in 2016. In 2017-2018, the CPCB reported that
69,414 MT of e-waste was collected, deconstructed,
and recycled.

Major responsibilities of state governments for better
management of e-waste vide e-waste (management) rules,
2016 as under:

e The state government authorized the industry depart-
ment or any other government agency to the allocation
of area for dismantling and recycling electronic waste
in the industrial park (E-waste (management) rules
2016).

e State labor department to do and ensure the following
points:

e The registration of workers who are involved in recycling
and dismantling work.

e Assist the making of such worker groups to establish dis-
mantling facilities.

e Undertake skill development activities for the safety and
workers, who are associated with recycling/dismantling
work.

e Undertake yearly health monitoring for the sake of better
health and safety of workers.

e The state government makes a plan to implement all
these provisions and an annual report is submitted to the
MoEF & CC.

Plastic waste (management and handling) rules -
2016

e Prohibit the use of carrying bags less than 50 pm in
thickness.

¢ State Pollution Control Board will not allow the new user
to renew the registration regarding the plastic-related
activity.

e As per Indian Road Congress (IRC) guidelines, ULBs
must encourage the use of non-recyclable plastic for road
construction. The said rules also instruct waste genera-
tors, ULBs, any vendors, etc. to manage plastic waste.

e The event organizer or waste generator is fully responsi-
ble for collecting and handling the waste.

Furthermore, due to the substantial cost to the environ-
ment of single-use plastic consumption, notably the negative
impact on soil, bodies of water, and the ocean ecosystem,
India’s Honorable Prime Minister has proclaimed that sin-
gle-use plastic will be phased out by 2022. The prohibition
on plastic shopping bags and the usage of single-use plastic
have been notified by 23 states and 9 UTs (Plastic waste
(management and handling) rules 2016; Single-use plastic
2020).

Bio-medical waste rule 2016

The bio-medical waste rule was notified by the Government
of India which provides a regular framework for managing
such waste generated in the country. A few major points are
as below (Bio-medical waste management rule 2016):

e Bio-medical waste (BMW) is controlled without any hos-
tile effect on human beings and the environment.

e It must be treated separately, not with the MSW.

e At the source level, liquid chemical waste is segregated
and ensures treatment and disposal of the same according
to the Water Act, 1974.

e Provide the training, and workshop, to all the persons involved
in the process of bio-medical waste at least once a year.
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Guidelines for waste of COVID-19

As we are aware that recently novel COVID-19 is spreading
from human to human, and it is continuously spreading in
so many untouched countries. India is also suffering from
the COVID-19 pandemic disease; to cope with COVID-19,
State and Center Government takes various steps. During the
pandemic situations, workers of SWM services should be
asked to wear personal protective equipment (PPE) during
duty hours for hygiene and safe conditions. The orientation
program should be arranged for the workers of SWM ser-
vices on how to wear the PPE COVID-19 kit. Therefore, as
per current Bio-medical Waste Management Rules, 2016,
CPCB specifies certain protocols for the waste generated at
the time of diagnosis and treatment of coronavirus patients
(Revision 1 2020). Some important points are as under:

COVID-19 isolation wards

e Use double-layered bags or multi bags with sufficient
strength and has no leaks.

e BMW collected from isolation wards can be stored tem-
porarily in a separate room and also be picked up from
the ward to common biomedical waste treatment facili-
ties (CBWTEF).

e “COVID-19 Waste” mandatory labeling in the dustbins,
used for BMW of COVID-19 wards.

e The items used for storage of COVID-19 waste such as
containers/trash bins/trolleys must be sanitized daily with
chemicals such as sodium hypochlorite solution.

e The waste generated through isolation wards of corona-
virus is maintained separately.

Duties during treatment facility

e Use particular garbage vehicles to collect the coronavirus
patients and should be disinfected with a chemical solu-
tion after each hour.

e  Waste should be disposed of properly.

e Sanitation workers shall be provided with sufficient PPE
kit including mask nitrile, gloves, goggles, gun boots,
and splash-proof gown.

e As per provision under SWM rules, 2016 waste from
isolation sites/isolation-home-based should be properly
disposed of.

How does COVID-19 affect the strategies on waste?

COVID-19 is among the most serious global health hazards
in living memory resulting in massive casualties and eco-
nomic losses (Kothari and Sahab 2021). The high volume
of COVID-19 trash is personal protective equipment Kkits,
masks, and gloves, which have posed a significant disposal
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challenge for waste management authorities. The waste man-
agement sector has changed dramatically as a result of the
lockdown; there is an increase in hazardous and biological
waste and a drop in the percentage of MSW that reaches
dumpsites. To protect human health, solid waste, as well
as COVID-19 waste, must be managed to decrease waste
and avoid transmission of infection. If wrong waste manage-
ment procedures are not corrected, the world will confront
a unique dilemma that could be dubbed a “waste disaster.”
While the volume of SWM has decreased as a consequence
of the closure of restaurants, supermarkets, shops, and other
businesses, waste collection efficiency has been hampered
as a result of a reduction in municipal staff. Many waste-
pickers were unable to collect waste during the lockdown
due to restrictions enforced by police or housing complexes,
which impacted waste collection. The combined impact of
the medical emergency and the economic recession has also
damaged the well-being and income of workers in the infor-
mal sector.

Geographic/city-specific constraints
during the implementation of MSWM

While rolling out the SWM system, there are some impor-
tant issues for different geographic-specific cities situated in
hilly terrain, plain areas, coastal areas, and islands. Issues of
cities for the specific geographic areas are described herein
under:

Hilly area

e The interconnected roads are narrow, due to which instal-
lation of big capacity bins is not feasible.

e The garbage collector vehicle movement during day to
day in heavy traffic congestion is highly challenging.

e During the tourist summer season, the hilly area is over-
loaded with tourist vehicles; hence, the movement of
garbage collector vehicles for collections of garbage is
much more difficult as compared to the winter season.

e Fuel efficiency is poor if we use the different capacities
of vehicles, i.e., small, medium, and large for garbage
collection.

e Garbage vehicle having a small turning radius is suitable
for narrow roads and sharp curves.

¢ Installation of open dustbins is not suitable since mon-
keys thronged bins from 5:00 to 6:00 AM and they do not
feel the need to go to the forests.

e Waste is generally disposed of in valleys; it is not only
spoiling the esthetics and sanctity of the place but also
polluting the biodiversity.

¢ Due to the scarcity of land, setting up a big capacity gar-
bage processing plant is difficult.
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Seaside area

e Disposal sites located nearby the seashore may lead to
left-over garbage in the sea and hence may contaminate
seawater.

e Because of the high rainfall rate in coastal cities, more
leachate is being generated.

¢ Fire waste degradation is the main source of bad odor and
air pollution.

e Implementation of the MSWM system affects adversely
due to the shortage of land.

Island area

¢ Due to the scarcity of land, setting up a big capacity gar-
bage processing plant is difficult.

e The SWM activities are slow due to the distance from the
mainland.

e Recycling garbage is not segregated by rag pickers and
hence storage and disposal issues arise because of a
shortage of land.

¢ Due to high humidity conditions in these regions, equip-
ment easily corrodes which leads to a change of natural
calamity.

¢ Disposal issue of large amounts of tender coconuts being
generated as waste.

Plain land area

e Due to urbanization, thick populated cities truck all
of their solid waste for disposal to far distances which
resulted in a jump in the cost of waste disposal.

e The centralized garbage disposal system is a problem;
on the other hand, decentralized solutions cut costs of
transport and make households and institutions part of
the solution.

e People living around the landfill site are resistant and not
willing to vacate the area or relocate.

e E-waste is more generated due to less freight cost of IT
equipment and disposal of the same is costly.

¢ Fire waste degradation causes bad odor and air pollution
in thickly populated cities.

Suggestions for formulating way forward
strategy for MSWM

In urban areas, the MSWM system has emerged as one of our
country’s most pressing concerns, not just in the context of
environmental and esthetic impact, but as a significant health
threat, as a result of inadequate and non-scientific handling
of waste (Suggestive or indicative 2015). The issue is further

aggravated by the fast pace of urbanization that is taking place
in our cities today. Furthermore, to attain distinct enhancements
in the current management system for solid waste in all towns/
cities, indicative efficient guidelines/strategies for formulating
a way forward strategy for effective MSWM are as under.

Collection and transportation of garbage

The containers for the collection of garbage may be technol-
ogy-based and better designed as per the geographic-specific
cities and their pattern shall be suitable for the vehicle used
for transportation. Furthermore, the active participation of
people in the separation of wet and dry recyclable compo-
nents will lead to an improved MSWM system. Addition-
ally, city-specific appropriate selection of garbage vehicles,
proper movement of garbage vehicles using the latest tech-
nology for route planning with traffic-free management, and
adequate maintenance of garbage vehicles in the workshop
will lead to higher productivity.

The dynamic spatial model demonstrates how the ArcGIS
proposed methodology can be used to measure the appro-
priate optimum route in SWM and deal with upcoming
dynamic changes (Syahiya et al. 2021).

Waste reduction/minimization

Waste reduction/minimization is a wider term that includes
all waste management techniques like source reduction, recy-
cling, and composting, which leads to reduced waste. Increas-
ing recycling, by the householders themselves, needs to be
more exercised which would minimize the waste quantity
to be carried for disposal to the treatment plant or landfill.
Thus, the practice will not only minimize the required landfill
area but also be economically viable. Therefore, emphasizing
waste reduction, reuse, and recycling practice will not only
ensure the minimization of waste but also reduce the adverse
impact of solid waste on human health and the environment
(Alam and Ahmade 2013; SB Mission 2016).

Waste processing

The organic waste should be treated using composting and ver-
micomposting technologies, which will lead to minimizing the
quantum of waste, therefore also downsizing the landfill. Total
moisture, chlorine concentration, and calorific value are all factors
to consider when deciding whether or not to proceed with treat-
ment (Inglezakis et al. 2012). So, for best waste treatment process,
quality input must be ensured. Apart from this, other technologies
for waste processing like a waste to energy, pyrolysis, incineration,
bio-methanation, and RDF may be used. But, aforesaid technolo-
gies may be adopted only after making certain of their appropri-
ateness based on waste compositions and financial aspects.
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Landfill site for waste

The landfills may be identified so that there should have
facilities such as road, water, fire extinguishing, check post
barrier for maintaining the records, treatment, biogas recov-
ery, landfills around fencing, and plantation of tree provi-
sions. The right landfill for waste should be city- and town-
specific, to achieve an efficient municipal solid management
system

Speedup plan

It is a vital component of the development plan, which
makes it lucrative, minimum time consumable, and also
better operative. Henceforth, the basic program leads to the
failure of the system because of its slow speed and lack of a
strategic plan. Any slow response by the government ham-
pers work regarding achieving the planned target and the
scope of work to be done annual or periodic basis.

Unsuccessful waste-to-energy projects

There are only eleven waste-to-energy projects in India, out
of which seven are working and four are nonworking. There
is a need to import viable and proven technology, since
India is struggling in this field to achieve a success story.
Apart from it, proper separated trash for waste-to-energy
plants needs to be added as input subject to the require-
ment. Improved education and public awareness campaign
are needed to increase citizen participation in MSW for the
proper segregation.

Participation of organized sector and stakeholders

For better performance of the solid waste collection, seg-
regation could be done at the source level by rag pickers,
which can be affianced by organizing committees and stake-
holders. Though, due to the absence of reuse or reprocess-
ing firms and with the approval of people, the enormous
perspective has been overlooked. Cities must establish
accountability systems that redefine the geographies of duty
for urban sustainability initiatives with systemic and trans-
local repercussions (Sareen and Grandin 2020).

Suitable technology-based solution
and public-private partnerships (PPP)

As there is a need to handle the exponential growth of MSW.
For the same, suitable technology-based solution with the
best practices available by subject specialist firms through
PPP is required (Public-private partnerships in India 2009).
Furthermore, in the field of the food packaging ecosystem,
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IoT is a good option from a business perspective (Beliatis
et al. 2019). To develop the MSW infrastructure, the major
challenge to ULBs is a lack of capability and inadequate
financial assistance. For the success of PPP, good public
governance needs to be established and further appropri-
ate financial assistance and stringent contract execution are
required.

To change mindset and adoption

To implement any possible solution for waste management,
especially for householders, there may be public resistance.
Hence, during any transition, the first and foremost point
is all about mindset shift and adoption of new things. It is
because public mindsets cannot alter overnight and it is
a continuous practice to decrease the dare of the change
method. It is, therefore, essential to gain public trust in the
delivery of the best services. To change your mindset about
garbage and fix it, envision whatever item/package/piece
called waste we buy and generate, piling up right next to
us—not in the seas and sky, but directly right next to us. The
waste management issues will be solved not just through
technological solutions and retrofits, but also through a
shift in mindset and behaviors at all levels and all decision-
makers. Reduction, reuse, and recycling (3R) can help shift
the focus from trash generation to waste avoidance. There
should be a big campaign at all levels to create awareness
that waste is valuable and can be exchanged for money, with
the exception that 3Rs for reduction of waste be given prefer-
ence above all else. The above strategically driven approach
at the household, municipal authority, and business levels
will be a major shift toward sustainable waste management
and the lowering of garbage pile-ups in landfills.

Critical discussion

This research will aid local governments and academia in
formulating and implementing successful waste manage-
ment rules, regulations, and policies to improve the life-
style and reduce adverse health and environmental conse-
quences. Cities must have a clean and healthy ecosystem
to be sustainable and continue to expand economically.
To improve SWM systems, recycling, proper coverage
of the collection, social awareness mechanisms, and safe
disposal practices are all required. To encourage citizens
and influence their recycling habits, various, effective,
and new incentive schemes can be implemented. Citizens’
active participation in trash management and recycling
operations is critical for a smart and green world. Effec-
tive waste management methods and new recycling styles
that change the way garbage is controlled may have an
impact on society’s economic, social, and overall health
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functions. Moreover, there should be a great vision for
waste management by creating a “New India” ensuring a
clean and healthy life for citizens. In light of increasing
future waste, India cannot afford the traditional and inef-
fective SWM system. The ULBs need more dedication to
waste management. Further improvement in enforcement
and clear regulation are needed for an efficient SWM
system. The waste management domain needs to intro-
duce more fascinating and profitable businesses having
financial penalties on service level to be imposed by the
ULBs as and when services of waste management are not
functioning appropriately. The waste management project
should be envisaged as long-term planning with sustain-
able systems. The best practices should be shared among
multiple regions to put thinking caps on and come up
with creative ideas to solve the waste management prob-
lem with modern technologies. SWM is one of the main
components of smart city projects in India. The IoT has
been extensible used in smart city projects for waste man-
agement processes. Thus, using IoT-enabled smart bins
and route optimization of garbage collector vehicles will
result in an efficient waste management system. Hence,
introducing such technological solutions for waste man-
agement will not only ensure the quality of life and high
happiness index of the citizen but also achieve the vision
of “Clean India, Dream India.”

A comparative view: MSWM in advanced,
developing, and lesser developed countries

In lesser developed and developing countries, waste
management is not efficient and well-known. The major
factor was due to lack of public awareness, integrative
approaches, affordable strategies, infrastructure, and finan-
cial aid for sustainable waste management. Some other
issues, lack of assessment of development programs, less
public-private partnership, and slow speed to implement
the programs, are also responsible for poor design and
ineffective implementation in developing and low-devel-
oped countries. Table 11 illustrates the outcome from the
comparative view in advanced, developing, and lesser
developed countries depending on various parameters of
waste management such as technology available, policies,
suitable infrastructure, efficiency measures, financial
resources, gross national income (GNI), and per capita
waste generation. Earlier research suggested that the finan-
cial development of any country is positively correlated
with the ratio of per capita garbage generation, consump-
tion of things, better living standard, and development
methods. Moreover, the recycling capacity of advanced
countries is better than that of developing and lesser

developed countries. Except for advanced countries, other
countries’ successes in recycling methods are observed
by various parameters, quality of materials recovered,
financial expense, recycling rate, workers’ health, safety,
etc. (Moloney and Doolan 2016). Countries having high-
income such as the USA and the EU (European Union)
developed vermin-composting, bio dry, and bio stabili-
zation facilities to process organic waste. They are also
focusing on waste-to-energy techniques. The middle- and
low-income countries generate garbage with a higher part
of organic material; vermin-composting is yet slow. That
means the organic waste treatment methods and technolo-
gies for treating garbage are unproductive and absent (Jain
et al. 2005; Liu et al. 2015; Miezah et al. 2015). Thermal
conversion, recycling, and biological treatment are some
innovative methods, adopted by developing countries like
India.

Conclusion

It can be concluded after studying various articles,
papers, and reports conducted by the government agen-
cies, boards, and ministries that several limitations are
present in the current method of managing solid waste.
The generation of waste rate has increased vastly in India.
The major factors responsible for rising waste are speedy
growth of population, urbanization, lavish living standard,
and environmental unawareness. Furthermore, the SWM
system is not much more efficient due to some hindrances
such as waste policy, lack of the latest technique for col-
lection, financial assistance, lack of infrastructure, and
well-trained people. To achieve sustainable SWM in India,
waste to energy facilities, recycling, and minimization of
waste generation have to be emphasized. To minimize the
waste at the dumping site, garbage should be segregated
at the collection point, and emphasize an increase in the
reuse rate. Further combustible waste should be provided
to energy generation plants for generating energy. An effi-
cient SWM cannot be achieved in the absence of technol-
ogy solutions. Hence, in the smart city mission, SWM
has been implemented end to end through IoT-enabled
solutions. The route selection of garbage collector vehi-
cles, monitoring of the filling level of smart IoT-enabled
bins, and management information system (MIS) are being
taken care of by a system in smart cities. Still, there is a
need for further research to improve various techniques
for SWM in an optimization way, to achieve the best opti-
mal route with minimum fuel cost. Apart from it, state
and municipal authorities may together enact and admin-
ister solid waste rules efficiently in their jurisdiction, so
that rules may be enforced effectively, to achieve a clean,
healthy, and, happy ecosystem.
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