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FROM THE EDITOR-IN-CHIEF
The theme of World Habitat Day 2018 (WHD) is 'Municipal Solid Waste Management'. The aim of 
this year's theme is to remind the world that we all have the power and the responsibility to shape 
the future of our cities and towns by raising global awareness and promoting sustainable 
development policies that ensure appropriate disposal and management of municipal solid waste 
which has been a menace all over the world. 
This year's theme also assumes significance in the light of Sustainable Development Goals (SDGs) 
as well as the Habitat III 'New Urban Agenda' which puts special emphasis on sustainable 
management of municipal solid waste. Goal no. 11 of SDGs talks about 'making cities and human 
settlements inclusive, safe, resilient and sustainable', targets that �by 2030, reduce the adverse per 
capita environmental impact of cities, including by paying special attention to air quality and 
municipal and other waste management�. Further, Goal no. 12 of SDGs aims to 'ensure sustainable 
consumption and production patterns' and mandates that �by 2030, substantially reduce waste 
generation through Prevention, Reduction, Recycling and Reuse�. The Habitat III 'New Urban 
Agenda (NUA)' adopted in 2016 encourages member nations to promote environmentally sound 
waste management practices and to substantially reduce waste generation by reducing, reusing 
and recycling of waste, minimizing landfills and converting waste to energy when waste cannot be 
recycled or when this choice delivers the best environmental outcome. 
This year's theme could not have come at a better time for India in the context of the magnitude of 
solid waste generation in Indian cities and towns and the Government of India's renewed efforts in 
tackling the menace through its flagship programme of 'Swachh Bharat Mission'(SBM) which has 
become a 'Jan Andolan' or 'people's movement'. In the context of growing urbanisation and the 
related rising personal income and standard of living, volume of solid waste is also increasing in 
India. It has been estimated that about 1.45 lakh MT per day or 53 million MT per annum of solid 
waste is generated across the country, out of which only about 34% is being treated/processed 
scientifically, which is still quite low compared to international standards. Sustained efforts under 
SBM have yielded significant positive results. As on September 2018, out of 84,358 wards, 
67085(80%) now have 100% door-to-door waste collection, up from 33,278 in November 2015; 
almost 88.4 megawatts (MW) of energy is generated from waste-to-energy (WTE) projects; and 
the waste-to-compost production stands at 15,06,501 metric tonnes. 
Notwithstanding the success of SBM, municipal solid waste management continues to be a critical 
challenge for our cities, especially managing its continuous and increasing flow on a daily basis. 
The challenge is to convert the huge garbage hills or solid waste pyramids to inverted pyramids, so 
that landfill requirement is minimised. The principle of 4R's- Reduce, Reuse, Recycle and Recover 
will have to be at the centre of any strategy on scientific disposal and management of municipal 
solid waste. ULBs need to enforce SWM Rules 2016 effectively by using bio-remediation, bio-
mining and constructing engineered landfills for scientific disposal of urban waste. 
The WHD theme on 'Municipal Solid Waste' has been captured in this volume of Shelter to raise 
general awareness and address key issues involved in waste management.  The theme papers 
contributed by UN-Habitat India, A.K. Jain, Naveen (et al) and Amit Kumar (et al) highlight the 
current challenges and present models for effective management of municipal waste and a hazard 
rating system. In the policy review section, Neha Tripathi highlights the proactive role of judiciary 
for improving the SWM in India while Lalani (et al) reviews the status of implementation of 
MSWM at local level in 6 states. This volume also presents four case studies on scientific 
management of municipal solid waste and these efforts are worth emulation by other cities and 
towns.  The efforts of Bhopal Municipal Corporation presented in this volume have been 
recognized and selected for HUDCO award for Best Practices.  This volume also contains special 
features on last mile connectivity by Rajiv Sharma (et al) and role of community participation in 
housing by R. Ghosh. The 'My Opinion' section contains views of Prof. Dr. PSN Rao on wide 
ranging issues relating to managing municipal solid waste in India. 
This volume of Shelter presents a bouquet of thought provoking articles on municipal solid waste 
management which are likely to sensitize all the urban stakeholders to make SWM truly a people's 
movement.  Happy reading.
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INSIDE

Theme
The World Habitat Day 2018 is 
being celebrated across the globe 
on the theme of ‘Municipal Solid 
Waste Management’. The aim of this 
year’s theme is to remind the world 
that we all have the power and the 
responsibility to shape the future 
of our cities and towns by raising 
global awareness and promoting 
sustainable development policies 
that ensure appropriate disposal 
and management of municipal solid 
waste which has been a menace all 
over the world. 

This year’s theme also assumes much 
more significance in the light of 
focus of every nation to  implement 
the Sustainable Development Goals 
(SDGs) as well as the Habitat III 
‘New Urban Agenda’ which put 
special emphasis on sustainable 
management of municipal solid 
waste. Goal no. 11  of SDGs which 
talks about ‘making cities and 
human settlements inclusive, safe, 
resilient and sustainable’, targets 
that “by 2030, reduce the adverse 
per capita environmental impact 
of cities, including by paying 
special attention to air quality 
and municipal and other waste 
management”. Further, Goal no. 12 
of SDGs which focuses on ‘ensure 
sustainable consumption and 
production patterns’ mandates that 
“by 2030, substantially reduce waste 
generation through Prevention, 
Reduction, Recycling and Reuse”.
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TRAINING PROGRAMME ORGANISED BY HUDCO’S HSMI FOR CITYNET AND ULBS ON WORLD 
ENVIRONMENT DAY JUNE 5, 2018

India was the global host of World 
Environment Day 2018, which 
was celebrated on 5th June on the 
theme - “beat Plastic Pollution”. 
HudcO’s	 HSMI	 organised	 a	
two day training programme on 
“Sustainable Waste Management 
Practices for Urban local bodies” 
for CITYNET India National 
Chapter members and other 
Urban local bodies on 4-5 June, 
2018 at New Delhi. The course 
content consisted of Challenges 
of implementing Sustainable 
Waste Management; Cause 
and effect of Plastic Pollution, 
Waste Management; and SDG 
12 – responsible consumption 
and production, sustainability of 
plastic ban and effective solutions 
for reusing plastic and issues in 
waste disposal and recycling.
Figure 2 : Lecture by Mr. Eric Solheim at 

the training programe

HudcO	 has	 embraced	 this	
cause wholeheartedly. Dr. M. 
Ravi Kanth CMD, Hudco while 
inaugurating  the training 
programme, described the series 
of initiatives being undertaken 
to this effect on a pan India basis 
through	 the	 HudcO	 network	
of Regional offices as well as 

its	 Head	 Office	 and	 HSMI.	 Mr.	
Eric Solheim, UN Environment 
Executive Director and Under – 
Secretary- General of the United 
Nations addressed the gathering 
on the topic –“Natural Heritage 
and Plastic Pollution”. He 
pointed out the shift in attitude 
required to practice the 3 Rs- 
Reduce, Reuse and Recycle. Mr 
Eric Solheim also interacted with 
the audience and addressed many 
queries. He assured the support of 
the UN in partnering the cause of 
preventing plastic pollution. 

Various topics related to the 
impacts of plastic waste and how 
it affects humans and wildlife 
were discussed such as increasing 
the value of plastic to incentivize 
plastic collection. The idea of 
‘Design for Recyclability’ 

Figure 3: Road constructed from Plastic

(DfR) was highlighted as well 
as some innovative ideas of 
using plastic waste in road 
construction, using tetrapack to 
make corrugated sheets etc. The 
advantages of landfill free cities 
such as reduction of uncontrolled 
methane emission, reduction in 
landfill fire, resource recovery 
from waste and creation of green 
jobs were listed out.

Contributed by: Ms Pooja Nandy, 
DGM(P) HUDCO

 Figure 1: Dr. M. Ravi Kanth, CMD HUDCO inaugurating the training programme
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MUNICIPAL SOLID WASTE MANAGEMENT

Every year, an estimated 11.2 
billion tons of solid waste is collected 
worldwide and the decay of the 
organic proportion of solid waste 
is contributing to about 5 per cent 
of global greenhouse gas (GHG) 
emissions (UNEP). Of the total solid 
waste generated, almost 1.3 billion 
tons of Municipal Solid Waste (MSW) 
is generated globally every year, or 1.2 
kg/capita/day (World Bank 2012). It is 
in this context that the management 
of SW in our cities has now become 
imperative for having a sustained 
module of growth and development.  
This paper analyses the issue with 
India’s SWM Sector and highlights 
new approaches for integrated SWM 
being adopted globally. 

INTrOducTION
“Municipal solid waste” (MSW) 
is a term usually applied to 
a heterogeneous collection 
of wastes produced in urban 
areas, the nature of which varies 
from region to region. being a 
visible and pernicious product 
of the era of industrialization 
and urbanization, solid waste 
has only witnessed an upward 
momentum in its spread. 
Urbanization poses multifaceted 
challenges to urban environment 
management due to changing 
demographics, growing 
economic activities, changing 

lifestyles, as well as introduction 
of new technologies. The 
negative effects of poor waste 
management have ensued 
in considerable decline in 
heath, hygiene and safety 
of the ecosystem resulting 
in lowering of the quality 
of life and overall human 
development. The increasing 
volume and complexity of 
waste associated with the 
modern economy is posing a 
serious risk to ecosystems and 
human health. The forward 
and backward linkages of 
waste management create 
employment opportunities, 
which in turn reduces poverty, 
helps in conservation of 
resources and energy, and 
reduces the overall carbon 
footprint. Proper municipal 
solid waste management has 
the opportunity to also become 
a precious resource and fuel 
for the urban sustainable 
energy mix of tomorrow. The 
increase of venture capital 
and private equity business 
investment between 2011 and 
2012 in the sector of waste-to-
energy together with biomass 
has registered an increase of 
186%, summing up to a total 
investment of USD 1 billion 
(UNEP/bloomberg NEF, 2012). 

- Creating Waste-Wise Cities

THEmE PaPEr

UN-HABITAT INDIA

Behavioral change 
and community 
participation in Solid 
Waste Management is the 
key to sustain a project 
related to management 
of solid waste. Citizens 
and Corporations will 
need to assume more 
responsibility for waste 
generation and disposal, 
specifically, product 
design and waste 
separation. 

Keywords: Municipal Solid Waste, 
Solid Waste Management, Zero Waste, 
Circular Economy.

Contributed by UN-Habitat India  
(hitesh.vaidya@unhabitat.org), New Delhi
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THE INTErNaTIONaL 
dIScOurSE 
The Sustainable development 
Goals (SdGs), The New 
urban agenda and The Paris 
agreement

Urban waste management 
is strongly associated to safe 
drinking water, sanitation 
and hygiene, as laid out and 
addressed, by SDG 6 and SDG 
11. The target of SDG 11.6 
is to reduce the adverse per 
capita environmental impact 
of cities, including by paying 
special attention to air quality 
and municipal and other waste 
management with indicator 
11.6.1 being the proportion of 
urban solid waste regularly 
collected and with adequate 
final discharge out of total urban 
solid waste generated by cities.
The SDG 7 recognizes the need 
for energy systems that are also 
critical for the development of 
safe, resilient and sustainable 
human settlements. Similarly, 
resilient infrastructure and 
industrialization (SDG 9) is 
essential for the prosperity 
of cities; and the efficient 
management of natural 
resources, safe disposal and 
treatment of toxic waste and 
pollutants can contribute to 
responsible consumption and 
production (SDG 12). The 
target 11.6.1 on cities offers 
many opportunities to develop 
mitigation and adaptation 
strategies to address climate 
change (SDG 13) especially 

through environmentally 
sustainable and resilient urban 
development. The proper 
management of waste generated 
by cities has direct implications 
on the pollution of oceans (SDG 
14) and the degradation of 
natural habitats and the loss of 
biodiversity (SDG 15) largely 
depends on the way cities are 
managed.

The Habitat III New Urban 
Agenda (NUA), adopted in 2016 
in Quito, commits to promote 
environmentally sound waste 
management and to substantially 
minimize waste generation by 
reducing, reusing and recycling 
waste, minimizing landfills 
and converting waste to energy 
when waste cannot be recycled 
or when this choice delivers the 
best environmental outcome. 
The NUA also emphasizes 
on reducing marine pollution 
through improved waste and 
wastewater management in 
coastal areas.

Under the Paris Agreement, 
Nationally Determined 
Commitments (NDCs) of many 
countries, include action on 
waste management to reduce 
greenhouse gas emissions. 
Translating the national 
government commitments to 
practical and sustainable actions 
at the local level needs the 
support of a network of actors 
with city managers taking the 
lead to maximize partnership 
opportunities.

INdIa PIcTurE
India has been rapidly shifting 
from an agricultural-based 
economy to an industrial and 
services-oriented economy with 
about 31.2% population now 
living	 in	 urban	 areas.	Over	 377	
million urban people are living 
in 7,935 towns/cities. In 2014, 
urban India generated 62 million 
tonnes of solid waste per year 
(figure 1). 

Figure 1 Solid Waste Scenario in India

According to the Report of 
Task Force on Waste to Energy, 

THEmE PaPEr
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80% of waste is disposed off 
indiscriminately at dump yards 
in an unhygienic and unscientific 
manner by the municipal 
authorities leading to problems 
of health and environmental 
degradation. India is slated to 
reach a demographic figure of 
about 1,823 million by 2051 and 
about 300 million tons per annum 
of MSW will be generated that 
will require around 1,450 km2 of 
land to dispose it in a systematic 
manner, if Ulbs in India 
continue to rely on the landfill 
route for MSW management 
(Position paper on the solid 
waste management sector in 
India, 2009).
A noteworthy first step from 
the government was propelling 
sanitation to the top of the 
national urban agenda under 
the flagship Clean India – 
Swachh bharat Mission (SbM). 
The Swachh bharat Mission 
envisages 100% of the urban 
population (allowing for a 
2% increase year-on-year) to 
be covered for Solid Waste 
Management (SWM) services.
The Clean India Dashboard 
tracks programme achievements, 
24x7.	Out	of	82,607	wards,	67085	
now have 100% door-to-door 
waste collection, up from 33,278 
in November 2015. Almost 88.4 
megawatts (MW) of energy is 
generated from waste-to-energy 
(WTE) projects and the waste-
to-compost production stands 
at 15,06,501 metric tonnes (as 
of 25 August 2018, SbM (U) 
Dashboard). This figure aligns 

Figure 2 Progress under Swachh Bharat 
Mission

 Source: MoHUA, Govt. of India

with the target of SDG11.6 
indicator 11.6.1, which measures 
the proportion of urban solid 
waste regularly collected and 
with adequate final discharge 
out of total urban solid waste 
generated by cities. The Swachh 
Survekshan – 2018 survey 
(the third of such surveys 
after 2016) conducted by the 
Ministry of Housing and Urban 
Affairs, Government of India 
covering 4203 cities including 
61 Cantonment boards to assess 
and score cities on an overall 
cleanliness indicator serves as 
a prelude to encouraging cities 
to improve sanitation and solid 
waste management practices.
The objective of the survey is 
to encourage large-scale citizen 
participation and to foster a spirit 
of healthy competition among 
towns and cities to improve 
their service delivery to citizens, 
towards creating cleaner cities. 

The urban local administrative 
bodies have been mandated 
under the Solid Waste 
Management Rules and the 
Plastic Waste Management Rules 

of 2016 to ensure segregation, 
collection and transfer of waste 
to registered recyclers so as to 
achieve the desired objective 
of zero waste (ZW); landfills 
are to be permitted only for 
non-usable, non-recyclable, 
non-biodegradable, non-
combustible and non-reactive 
waste. It is, therefore,vital 
that environmentally-sound, 
socially - acceptable, and techno- 
economically viable SWM 
practices are adopted to ensure 
sustainability in the long run.

ISSuES WITH INdIa’S 
SOLId WaSTE 
maNaGEmENT 
SEcTOr
Improper methods of disposal 
and non-collection of wastes 
have resulted in deterioration 
of soil quality, accumulation 
of toxic elements and breeding 
grounds for rodents and insects, 
resulting in increased incidences 
of vector borne diseases. Gradual 
seepage of leachate in the soil 
affects the water quality and thus 
alters the plant characteristics 
in the area. In due time the soil 
characteristics is transformed 
to the extent that carcinogenic 
and fatal toxins bio-accumulate 
and bio-magnify within the 
edible flora and fauna. The 
litter disposed off untreated or 
partially treated in waterbodies 
and drainage networks further 
choke the natural floodplains 
leading to urban floods and 
water pollution. The World 
Health	 Organization	 (WHO)	

THEmE PaPEr
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has observed that 22 types of 
diseasesi  are associated with 
improper management of 
municipal solid waste. 

Traditional methods of 
waste disposal like landfills 
and incineration have led to 
unsustainable practices being 
employed. burning of the 
waste results in accumulation 
of harmful GHGs and air 
pollution. landfills require huge 
areas of land, which in itself has 
competing uses and is scarcely 
available. These methods 
have been operated manually 
necessitating rag pickers to 
deal with the untreated waste 
resulting in chronic ailments and 
shortened life span.

The Ulbs, primarily responsible 
for management of the 
solid waste, are ill equipped 
financially and technologically 
to tackle the aggravating 
issue. besides, the municipal 
boundaries have been limited to 
the traditional limits of the city 
with the new and expanding 
areas falling in the jurisdiction 
of State Parastatals such as the 
Development Authorities. This 
has limited the land available 
for alternate dumping and 
segregation grounds for the 
amount of waste now being 
generated. The user charges 
collected for management of 
waste is inadequate to cover end-
to-end integrated solution, the 
majority of which is disbursed in 
paying the wages of large fleet of 
sanitation workers. In particular, 

the increase in door-to-door 
collection approach rather than 
a dedicated community bin has 
resulted in large accumulation of 
unsegregated wastes which has 
to be manually separated.

In the absence of technology 
driven waste collection and 
segregation process, the number 
of informal employees in the 
sector have been growing 
commensurate to waste 
increase. Their basic health 
care, precautionary hygiene and 
insurances are always a neglected 
subject leading to inadequate 
social protection and untimely 
deaths. The Ulbs have been 
employing more contractual 
laborers for scavenging, which 
by its very nature of employment, 
extends no social security net. 
India, peculiarly by its caste 
stigmas, have out-casted the 
waste pickers from any societal 
benefits –socially, spatially and 
temporally. 

NEW aPPrOacHES – 
INTEGraTEd SOLId 
WaSTE maNaGEmENT
Zero Waste approach

Zero garbage initiative centers 
on the idea of eliminating the 
need for landfills, adding value 
to waste and creating aparadigm 
shift from mere disposal of 
garbage, to the treatment of 
garbage as a renewable resource. 
The aim is to generate wealth 
out of waste. While experiments 
with Zero Waste are prominent 
in Northern Europe, the US and 

other countries such as New 
Zealand, India’s experiments 
are disbursed through the 
country usually on a pilot scale; 
for example, Kovalam, Exnora 
Vellore, Chintan, Pune, Mysore, 
Ahmedabad, and others. These 
are locally driven experiments 
either through citizens’ groups 
/	 NGOs	 and/or	 the	 local	
governments (Ulbs or district 
administration). 

circular Economy approach

The hierarchy of 3Rs, namely- 
Reduce, Reuse and Recycle 
approach has marked a shift 
from the cradle-to-grave 
approach, which focuses on 
landfills and incineration, to a 
cost-effective cradle-to-cradle 
(or circular economics) approach 
in managing waste, where 
the waste from one product 
serves as an input for another, 
thereby negating the need for 
dependence on landfills and 
incineration.

China advocates the Circular 
Economy (CE) approach in 
its waste management policy 
with the implementation cycle 
divided into three stages. The 
initial stage focuses on reducing 
the resource consumption 
itself. In the mid-stage, the 
hurdles that arise during the 
circular economy process 
implementation are analyzed 
and difference in environmental, 
social and economic conditions 
are accounted. In later stages, 
the custom-made Circular 
Economy indicators, suitable 

THEmE PaPEr
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for city’s unique features, are 
recommended which includes 
economic development, social 
stability, resource consumption 
and environmental protection as 
key areasii .

In India, as an example for the 
Circular Economy approach, 
the	 NGO	 Sampurna	 Earth	 has	
been practicing CE with waste 
segregation and differential 
treatments. Wet waste is recycled 
in shorter cycles to ensure its 
re-absorption within its nearby 
ecosystem and is then enriched 
to convert it into utilities like 
biogas, electricity, and fertilizer. 
Dry waste is further segregated 
into e-waste, paper, clothes 
etc. at appropriate collection 
centers via the channel of waste 
collection agents who further 
reuse and recycle.

Waste-to-Energy approachiii

The Waste-to-Energy (WTE) 
technologies consist of any waste 
treatment process that creates 
energy in the form of electricity, 
heat or transport fuels (e.g. 
diesel) from a waste source. It 
is a cradle-to-grave approach. 
It begins with the generation 
of waste wherein the consumer 
dumps a waste product and 
then the waste is collected either 
via mixed-waste bags or via 
separate collection; in both cases 
a dedicated infrastructure for 
the collection is required (e.g. 
dedicated bins and collection 
vehicles, storage units, etc.). The 
next stage is the transportation 
of the collected waste to the 

waste treatment facility: the 
mixed-waste bag reaches the 
WTE facility/plant (landfill 
gas production, incineration, 
pyrolysis-gasification, anaerobic 
digestion), whilst the separated 
waste goes to the Materials 
Reclamation Facility. The next 
stage of the life cycle is then the 
processing of the waste inside 
the WTE plant: energy in the 
form of heat, electricity and fuels 
are produced, as well as residues 
and ashes.

The Swachh bharat Mission has 
an essential component of WTE 
embedded in its implementation 
framework. The Ministry of New 
and Renewable Energy (MNRE), 
Government of India installed 
3 Mega Watt (MW) capacity 
plant at Solapur, Maharashtra, 
16	 (MW)	 capacity	 at	 Okhla,	
Delhi, and plans to support few 
more waste to-energy projects at 
bangalore (8 MW), Hyderabad 
(11 MW), Pune (10 MW), and 
Delhi at Gazipur (12 MW) 
(MNRE Annual Report, 2014–
2015) and Narela (24 MW).

INTErNaTIONaL 
aNd NaTIONaL BEST 
PracTIcESiv 
contracting mSW management

Private sector involvement has 
reduced the waste service cost by 
at least 25 per cent in countries 
such as United Kingdom, United 
States and Canada and at least by 
20 per cent in Malaysia. In Surat, 
contracting of selected services 
such as night sweeping, waste 

collection and transportation 
to private companies increased 
the collection coverage to more 
than 90 per cent and reduced 
the number of roadside garbage 
containers by 36 per cent.

resource recovery and 
recycling

Many countries in Europe, 
such as Germany, Austria and 
Scandinavian countries, have 
active “reuse” systems, through 
which beverage containers 
are collected and reused. 
Scandinavian countries are world 
leaders in reusing beverage 
bottles, with the rate exceeding 
90 per cent. In Germany, deposit 
for non-refillable beverage 
containers is mandatory (at 
a deposit value of 0.25 Euro 
regardless of the volume) and 
regulated in the Green Packaging 
Ordinance,	as	means	to	promote	
the reuse/refillable system. 
Further, 161,000 jobs are directly 
connected to the manufacture, 
filling, distribution and selling 
of packaged beverages in 
Germany and 73 per cent of the 
jobs are associated with refillable 
containers. The initiative 
dramatically increased the bottle 
return rate to 95-98 per cent by 
imposing mandatory deposit on 
one-way bottles. 

converting Organic Waste 
to resource and Generating 
carbon credits

The closure of the 25-year-
old dumping ground and 
development of landfill gas 
recovery at the Gorai creek in 
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borivali has earned the city of 
brihan Mumbai US$ 5.7 million 
by trading of an estimated 
31,000 CERs  a year. The Asian 
Development bank has been 
purchasing the carbon credits 
from the civic body as per 
market prices when the trading 
takes place. Dumpsite closure 
and methane capture projects 
are not uncommon. However, 
the initiative to capitalize on the 
methane generated and convert 
it to monetary terms is rare in 
many developing countries. The 
city’s Gorai dumping ground 
closure and landfill gas project 
can be seen as a forerunner in 
this genre of projects.

Green consumerism

Sikkim placed a ban on 
disposable plastic bags in 1998 
and in 2016 initiated a ban on 
single-use plastic through two 
major decisions. It banned the 
use of packaged drinking water 
in government offices and 
government events. Second, it 
banned the use of Styrofoam 
and thermocol disposable plates 
and cutlery in the entire state in 
a move to cut down toxic plastic 
pollution and tackle its ever-
increasing garbage problem.
With massive awareness drives 
and penalties, this ban has been 
impactful. Sikkim’s residents 
are now opting for plates made 
of paper, leaf, bagasse and even 
areca nut. Government offices 
have switched to alternatives 
like filtered water, large reusable 
dispensers and reusable water 

bottles for functions and 
meetings. (UNEP website)

cONcLuSION
behavioral change and 
community participation in 
Solid Waste Management is 
the key to sustain a project 
related to management of 
solid waste. Citizens and 
Corporations will need to 
assume more responsibility for 
waste generation and disposal, 
specifically, product design and 
waste separation. Improved 
municipal finances through 
targeted budgeting and dedicated 
technical aid and assistance can 
systematize the management 
of wastes. Decentralized waste 
management system should be 
streamlined into the process of 
collection and segregation. The 
Neighbourhood Associations/ 
Resident Welfare Associations 
should be actively involved 
in keeping the locality/
neighbourhood waste-free. User 
charges and penalties for littering 
should be commensurate to 
the volume and complexity 
of waste generated. Similarly, 
incentives for cleaning and 
returning of plastic and other 
recyclable wastes should be built 
in and reinforced through policy 
legislation. Another important 
factor to be accounted for is in 
determining the waste collection 
charges. Cities need to explore 
how increasing land values can 
be channeled towards better 
waste management. 

Star rating for garbage-free cities 
is a step in the right direction 
aimed at improving the entire 
Solid Waste Management 
supply chain. With participatory 
and coordinated efforts of 
governments at different levels 
and with different stakeholders 
in the eco-system such as 
development institutions, donor 
community, private sector 
and civil society in the design, 
finance and implementation of 
the policies and programmes, 
India is striving towards delivery 
of `adequate, resource-efficient 
and safe management of solid 
waste’; for cities to be waste-wise 
by addressing the systemic links 
to the solid waste problem.

iWaste and Human Health: 
Evidence and Needs: World Health 
Organization,	2015
iiCircular Economy for Sustainable 
Development in India; Indian Journal 
of Science and Technology, Vol 9(46), 
dOI:	 10.17485/ijst/2016/v9i46/107325,	
December 2016
iiiWaste to Energy; World Energy 
Council, 2013
ivShanghai Manual – A Guide for 
Sustainable Urban Development in 
the 21st Century
vCER – Certified Emission Reductions

rEfErENcES:
1. UNEP Website

2. World bank Website

3. Clean India - Urban Dashboard 

4. Position paper on the solid waste 
management sector in India, 2009
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A.K. JAIN

A HYBRID AND SMART APPROACH 
TOWARDS CLEANER CITIES

Technology plays 
an important role 
by providing smart, 
performance based 
and efficient solutions 
for digital planning, 
sanitation, sewerage 
and garbage collection, 
resource optimisation, 
asset management, 
maintenance, pollution 
controls, air quality 
measurements, etc. 
Technology can also 
help involving citizens 
in waste management 
and monitoring by 
using mobile and web 
channels.

Mr. A.K. Jain (ak.jain6@gmail.com) is 
Former Commissioner (Planning), DDA, 
Member, MOUD Committee on  DDA, 
Member, GNCTD Committee on  Delhi 
Vision 2030,  Consultant, UN-Habitat  

Increasing excretion of solid 
waste is making the human 
settlements unhygienic, polluted 
and endangering environment and 
public health. The Government 
of India has recently launched 
Clean India Mission (Swachh 
Bharat Mission) which focuses 
upon sanitation and management 
of solid and liquid wastes to make 
settlements cleaner, hygienic and 
environmentally sustainable. The 
paper discusses various options 
of solid waste management which 
reduce air and water pollution 
caused by it, along with the need 
to segregate, reduce and recycle the 
wastes and exploring smart, hybrid 
and sensor based solutions. 

INTrOducTION
Solid Waste, commonly known 
as trash, garbage or municipal 
waste includes food waste, 
yard waste, bottles, paper, 
plastics, packaging and other 
wastes from residential, 
commercial, institutional 
and industrial sources. It is 
classified as municipal waste, 
industrial waste, construction 
and demolition waste, bio-
medical waste, electronic waste, 
and nuclear radioactive waste. 
Waste management refers to the 
collection, transport, processing, 

recycling and safe disposal 
of the waste materials for 
safety of the environment and 
public health. The Solid Waste 
management (SWM) usually 
relates to waste generated 
by human activities and its 
containment to reduce their 
effect on health, environment 
or aesthetics. The problem 
of solid waste management 
in Indian cities is mounting 
due to increasing population, 
urbanisation, changing lifestyles 
and consumption patterns. 
It is estimated that nearly 30 
per cent of the garbage is not 
collected which creates hygiene, 
public health and environmental 
problems. 

According to the statistics given 
in a paper in Nature (Hoorenwig, 
et al,2013) the total municipal 
solid waste (MSW) generated in 
urban India stands at 62 million 
tons per year or 160,000 TPD. 
This is predicted to increase by a 
factor of 2.7 by the year 2030 and 
7	 by	 2050.	 Only	 60	 per	 cent	 of	
total waste is collected, of which 
30 per cent is treated and rest 
goes to dump sites, rivers, roads, 
parks and nallas (drains) causing 
serious problems of health and 
environment.

Keywords: Municipal Solid Waste, 
Swachh Bharat Mission, Technologies, 
Waste to Energy.
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The municipal waste is 
increasingly includes plastic 
waste and other wastes as given 
below:  

Plastic Waste: Plastics 
are organic polymers of 
high molecular mass and 
comprise mainly Polyethylene 
(PE), Polypropylene (PP), 
Polyethylene Terephthalate 
(PET), Polyvinyl Chloride 
(PVC), Polystyrene (PS) and 
Polyamide (PA)/nylon. Various 
types of plastics are used in 
everyday life, and cause plastic 
pollution.  Plastic waste roughly 
comprises 10% of total garbage. 
In India 5.6 million tonnes of 
plastic waste is produced each 
year, of which only 20% is 
recycled. Plastic Waste in Delhi 
is estimated at 690 mt, Mumbai 
408 mt and bengaluru 314 mt/
day. Plastic waste adversely 
affects wildlife, water bodies, 
habitat and humans. Plastics 
can be carcinogenic or promote 
endocrine disruption. Chemicals 
used in plastic production can 
cause dermatitis upon contact 
with human skin.

Industrial Waste is produced by 
the factories, mills and mines. 
The industrial waste can be 
non-hazardous, non-toxic, such 
as waste fibre produced by 
agriculture, or it could be toxic, 
chemical and hazardous. It 
pollutes the water, air and land. 

construction and demolition 
Waste (c & d Waste) could be 
as high as one-third of urban 
waste in areas having extensive 

construction activity, while 15 
per cent in a normal situation. It 
needs to be treated separately, 
which can be recycled to a large 
extent. 

As per the Construction and 
Demolition Waste Rules, large 
waste generators (above 500 
MT) are to recycle and reuse 
construction and demolition 
waste at the site (minimum 
20%) for reconstruction 
purposes meeting structural 
requirements. Recent initiatives 
of the Government of India at the 
Redevelopment of Residential 
Complex of East Kidwai Nagar 
(New Delhi) have shown that 
it is possible to provide for 100 
per cent recycling and reuse of 
C&D Waste at the construction/ 
demolition site itself. Such 
models obviate the need for 
transporting the C&D waste to a 
centralised unit and transporting 
the reused materials such as 
bricks, to the construction 
sites. This is cost-effective and 
environment friendly.

Electronic waste may be defined 
as all secondary computers, 
entertainment devices, mobile 
phones and other items, such as 
television sets and refrigerators 
and other used electronics 
gadgets. 

Bio-medical waste comes from 
biological sources, diagnosis and 
treatment of diseases. Common 
producers of bio-medical waste 
include hospitals, health clinics, 
nursing homes, medical research 
laboratories, dispensaries 

of physicians, dentists and 
veterinarians, healthcare and 
funeral homes. 

Nuclear or radioactive Waste 
means any waste material 
containing radio-nuclides in 
quantities or concentrations. The 
disposal of such waste includes 
the release of radioactive 
material to the environment in a 
manner leading to loss of control 
over the future disposition of the 
radio-nuclides contained therein 
and includes emplacement of 
waste materials in a repository 
beings or animals or in research 
activities in these fields or in 
the production or testing of 
biological waste. Such wastes 
must be managed through 
Atomic Energy (Safe Disposal of 
Radioactive Wastes) Rules, 1987.

crITIcaL ISSuES IN 
SWm 
Some of the critical issues 
involved in municipal solid 
waste management are as 
follows: (i) Storage of waste at 
source is lacking; (ii) Segregation 
of recyclable waste is not done at 
source; (iii) Primary collection 
of waste is not done at place 
of generation; (iv) Design and 
location of municipal waste 
storage bins and depots are 
inappropriate, resulting in its 
littering; (v) Street sweeping is 
not done regularly; (vii) Waste 
transportation is done in open 
vehicles; (viii) Waste processing 
is partially practiced in large 
number of cities; (ix) Final 
disposal is done through crude 
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dumping; and (x) Inadequate 
arrangement of municipal bins/
dump sites cause insanitary 
conditions. The issues involved 
in the planning and management 
of municipal include: (a) lack of 
sites for landfills, SWM plants, 
waste recycling and processing 
facilities; (b) lack of planning 
for waste management; (c) lack 
of competitive institutional 
set-up and monopoly of urban 
local bodies; (d) lack of trained 
manpower; (e) lack of expertise 
to modern systems of waste 
management; and (f) lack of 
Management Information 
System, funds and user charges 
and community involvement.

THE SWacHH BHaraT 
mISSION (2014-19) 
The Government of India 
launched a Pan-India Swachh 
bharat Mission (Clean India 
Mission)	 on	 2nd	 October	 2014,	
which was 145th birthday of 
Mahatma Gandhi. The campaign 
covers 4041 statutory towns for 
the cleaning of the roads and 
infrastructure. The primary goal 
of the campaign is to achieve 
the vision of a ‘Clean India’ by 
October	 2019	 which	 will	 mark	
the 150th birth anniversary of 
Mahatma Gandhi. The Urban 
Development Ministry (now 
the Ministry of Housing and 
Urban Affairs), Government of 
India has earmarked Rs. 6,20,090 
million and the Ministry of 
Drinking Water and Sanitation 
will spend Rs.13,40,000 million 
for the Rural Programme. 

The Government of India has 
also taken a number of initiatives, 
including legal and regulatory 
measures, in the field of SWM 
such as: bio-medical Waste 
Handling Rules, 1998; Municipal 
Solid Waste (Management & 
Handling) Rules, 2000; Municipal 
Solid Waste Management Rules, 
2016; Reforms Agenda (fiscal, 
institutional, legal); Plastic Waste 
Handling Rules, 2016; Technical 
Manual on Municipal Solid 
Waste Management; Technology 
Advisory Group on Municipal 
Solid Waste Management; 
Income-tax relief granted to 
waste management agencies; 
Public-private partnership in 
SWM; and Capacity building 
and skilling. 

The “Municipal Solid Waste 
(Management & Handling) 
Rules, 2000”, require the 
following compliances:

•	 development	 and	
improvement of properly 
engineered and constructed 
sanitary landfill (SlF) 
from which pollutants do 
not escape and have an 
impervious bottom layer 
for leachate collection and 
treatment.

•	 Identification	 of	 landfill	 sites	
for future use and making 
site(s) ready for operation.

•	 Setting	up	of	waste	processing	
and disposal facilities.

•	 	Monitoring	the	performance	
of waste processing and 
disposal facilities. 

•	 Segregation	 of	 solid	 waste	

at points of generation, 
which includes organic and 
recyclable wastes (plastic, 
glass, metal, paper, etc.).

•	 Specialised	 handling	 of	
construction and demolition 
waste, bio-medical waste, 
industrial/hazardous/toxic 
waste, e-waste (electrical and 
electronic waste) and nuclear/
radioactive waste.

Inert materials in the municipal 
solid waste have been steadily 
increasing (30-50%), bulk of 
which is generated from the 
demolition and construction 
activities. This needs a 
specialized storage, collection 
and	transportation.	Organic	food	
wastes can be locally recycled 
and composed, which would 
reduce transportation cost and 
reduce landfill site demand. 
bio-medical waste is generated 
in relatively smaller quantity in 
comparison to municipal solid 
waste, but due to its infectious 
and toxic nature it needs careful 
handling. This is regulated 
by the bio-medical Waste 
(Management and Handling) 
Rules, 1998. Storage of waste at 
source is the first step of Solid 
Waste Management. The waste 
should normally be stored at the 
source of waste generation till 
collected for its treatment and 
disposal. biodegradable waste 
and non-biodegradable waste 
should be collected in separate 
bins.

Primary collection of waste 
is the second essential step of 
Solid Waste Management. It 
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ensures that waste is collected 
regularly and it is not disposed 
of on the streets, in parks, 
drains, water bodies, etc. local 
bodies usually arrange for the 
primary collection of waste 
by the following methods or a 
combination thereof: 

•	 	doorstep	collection	of	waste	
through non-motorized and 
motorized vehicles with active 
community participation.

•	 collection	 through	
community bins.

•	 doorstep	 or	 lane-wise	
collection of waste from 
authorized/unauthorized 
settlements and community 
bins. 

There is a strong opposition to 
location of new landfills, which 
are seen as an environmental 
disaster, causing health risk from 
flies and rodent, air pollution 
and water pollution through 
leaching. The Government of 
India recommends that:

“Open dumping of the solid waste 
should be discouraged, if necessary, 
by legislative action to be enforced 
in a phased manner starting with 
the metropolitan cities. Recycling 
and resource recovery should be 
encouraged. It should be made 
mandatory by the Governments that 
the organic waste should be used for 
resource recovery and it should not 
be disposed by the land fill method. 
Proper regulations should be framed 
to regulate the landfill site and its 
maintenance.”

Various studies conclude that 

recycling wastes is by far the 
cheapest alternative to landfills; 
and plants that convert garbage 
into other products are cheaper 
than those that burn garbage. 
As such, it may be more 
practical to build several small, 
decentralised waste facilities 
rather than a large one. 

THE rOLE Of THE raG 
PIcKErS
The informal sector is 
characterized by small-scale, 
labour-intensive, largely 
unregulated and unregistered 
low-technology recycling of 
waste materials and services. A 
large quantity of waste is dealt by 
the rag pickers (kabaris) or ends 
up in the open space, riverbed, 
drains, etc. According to Aseem 
burman Committee (1998) the 
informal waste pickers are the 
backbone of waste management. 
They not only help in cleaning 
the neighbourhood, but also 
collect, reuse, recover and 
recycle an estimated one third of 
municipal solid waste per day.

The informal rag pickers in 
Delhi recycle about 3000 mt of 
waste per day. A recent study by 
WTERT of six Indian cities found 
that waste pickers recovered 
approximately 20% of waste, 
with 80,000 people involved in 
recycling approximately three 
million tonnes. It is estimated 
that every tonne of recyclable 
material collected saved the 
Ulb approximately Rs. 24,500 
per annum and avoided the 

emission	 of	 721 kg	 cO2	 per	
annum. However, they face 
serious problems of health and 
essential facilities. In bagota 
incentives like free bus ticket, 
food coupons and cinema tickets 
are given to waste pickers for 
collecting and depositing waste 
in the designated municipal 
waste collection centres. 
learning from Colombia and 
brazil where the rag pickers 
are officially recognized, Pune 
Municipal Corporation has also 
brought them in municipal SWM 
chain and provides them with 
remuneration, uniforms, waste 
bins and bags, gloves, pushcarts 
and health insurance. 

TraNSPOrTaTION Of 
THE WaSTE
Transportation of the waste 
from waste storage depots at 
regular intervals is essential to 
ensure that no garbage bins/
containers overflow and waste 
does not litter on the streets. 
Hygienic conditions can be 
maintained in cities/towns only 
if regular clearance of waste from 
temporary waste storage depots 
is ensured. Transportation 
system has to be so designed that 
it is efficient, yet cost effective. 
The system should synchronize 
with an easy maintainable 
system of waste storage.

SOLId WaSTE 
TrEaTmENT 
TEcHNOLOGIES
There are various technologies 
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Table 1: Comparison of Different Solid Waste Treatment Technologies

Element Composting Refuse derived fuel Biomethanation Gasification/
Pyrolysis 

Incineration

Technically and 
economically feasible 
size of operation per 
day fresh waste 

50 TPD and above 100 TPD and above 1 TPD at small scale and 
above 50 TPD at larger 
scales of pure organic 
waste

500 TPD and above. 
Due to high moisture 
in our waste, suit-
able only for segre-
gated dry waste

500 TPD and above due 
to high moisture in our 
waste. Suitable only for 
segregated waste. However 
sizes as small as 10 – 50 
TPD of waste are available 
for commercial sale but 
not advisable due to high 
running costs

Adopted Capacity for 
study 

500 TPD 500 TPD 500 TPD 500 TPD Plant 500 TP

Land required for 
adopted capacities

6 Ha 3Ha 4 Ha 10 Ha 4 Ha

Waste Characteristics Moisture 
Content>50% 
Organic Matter>40% 
C/N ratio between 
25-30

Moisture<45% 
Volatile Matter>40%

Moisture Content>50% 
Organic Matter>40% 
C/N ratio between 25-30

Moisture Content 
<45% 
Net Calorific 
Value>1200 KCal/kg

Moisture Content <45% 
Net Calorific Value>1200 
KCal/kg

Waste Suitability Suitable for MSW 
Characteristics of 
India 

Not Suitable for MSW 
characteristics in India 
but Workable with use 
of Auxiliary Fuel 

Suitable for MSW 
Characteristics of organic 
waste in India 

Not Suitable for 
MSW characteristics 
in India but 
Workable with use 
of Auxiliary Fuel 

Not suitable. due to high 
moisture in our waste 

Typical Investment for 
assumed capacities( 
excluding cost of land) 

iNr. 17 – 20 Cr for a 
500 TPD plant 

iNr. 17 – 20 Cr for a 500 
TPD plant 

Approximately iNr 75 - 80 
Cr for a 500 TPD plant 

iNr 80-90 Cr for 500 
TPD plant 

NA

recurring cost iNr. 300 per ton of 
input waste 

iNr. 290 per ton of 
input waste 

iNr 100 per ton input 
waste 

NA -

recoveries 250 Kgs of compost 
per ton of waste 

200 Kgs pellets per ton 
of waste 

80 cum of bio gas/ ton 
of waste plus 200 Kgs of 
manure / ton 

NA -

Volume reduction 45-55 % 55-65 % 55-65 % >80 % >80% 

Environmental issues Impurities in 
compost due to 
mixed waste, traces 
of heavy metals, 
leachate runoff 

Problems in 
burning exhaust 

Problems if mixed 
feedstock 

Ash handling and Air 
Pollution 

Ash handling and Air 
pollution (emission 
of particulate matter, 
chlorinated compounds 
dioxins/ furans ) 

Technology reliability running successfully 
in India 

running successfully in 
integrated facilities 

Small scale organic 
treatment plant 
operational but mixed 
waste large scale plants 
failed in India 

Insufficient 
operational 
experience for MSW 

Only Plant in India failed 
due to mismatch in 
waste quality. MSW 2000 
has recommended for 
incineration of waste 
only after doing a waste 
suitability analysis, and 
providing adequate flue gas 
management methods.

Limitation Large Land 
requirement, 
Non acceptance 
of compost as soil 
enrichener in some 
areas of the Country 
Process depends 
highly on factors 
such as waste 
quality, & climatic 
conditions. 

Fluff/ Pellets can be 
used as fuel in large 
industries, e.g. in 
cement kilns with 
necessary permissions 
from the PCBs and 
required pollution 
control measures 

The technology 
requires pre-segregated 
homogenous 
biodegradable waste 
as mixed waste retards 
efficiency of the process. 
Hence applicability is 
limited to highly organic 
and homogenous waste 
streams like Market 
wastes 

requires waste 
with high calorific 
value. Expensive 
flue gas remediation 
methods to attain 
achievable outputs. 

Expensive Technology, 
waste criteria must have 
low moisture content and 
high calorific value, which is 
not found in Indian Waste. 
Costly flue gas remediation 
methods to attain 
achievable outputs. 

Source: Toolkit for Solid Waste Management Jawaharlal Nehru National Urban Renewal Mission, 2010 MoUD, GoI.
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available for treatment and 
processing of waste in an 
environmentally sound manner. 
However, a technology suitable 
for one may not be appropriate 
for others. A comparison of these 
technologies is shown in Table-1.

Waste after treatment must be 
disposed of in a manner that 
does not create any instance 
of environmental pollution 
and public nuisance. The 
MSW Rules, 2000 defines 
waste disposal as an activity 
which involves “final disposal 
of municipal solid wastes in 
terms of the specified measures 
to prevent contamination of 
ground water, surface water 
and ambient air quality”. The 
landfill design shall aim to 
minimize the: ingress of water 
into the landfill;  production of 
leachate, its subsequent outflow 
and uncontrolled dispersions 
into surrounding aquatic 
environment; and accumulation, 
migration and uncontrolled 
release of landfill gas into the 
atmosphere.

materials recovery facility 

A Materials Recovery Facility 
at the solid waste dump site 
can take in source-separated 
recyclables, such as newspapers, 
plastics, metals and bottles and 
recycle these. However, these 
materials, which cannot be 
recycled like dirty paper, can 
be used to produce electricity, 
fertiliser and soil amendment 
products instead of going to 
landfill. Conventionally, it has 

been cost prohibitive to produce 
large quantities of fertiliser and 
soil amendment products from 
the waste. This problem can be 
addressed by process integration 
with the solid waste treatment 
infrastructure. The green 
waste is sterilised, separated, 
shredded, pelletised and dried. 
Ash and grit fractions from 
the treatment process can be 
added to the product to enhance 
mineral content and improve 
drainage. The process yields a 
premium mulch product with 
commercial applications and is 
free of pathogens, parasites and 
fugitive seeds. 

Waste recycling and 
Segregation

Recycling of waste can be 
effectively achieved by 
segregation at the source, 
reducing the waste by more 
than 50 per cent. The waste can 
be converted into a reusable 
commodity through advance 
processes at the recycling centres. 

Figure. 1 Danish Waste Hierarchy: 
Incineration does not count as recycling. 

Recycling services require 
segregation of waste materials 
into different types (figure 1). 
The pyramid of most desirable 
option begins with reducing 

waste and then proceeds to 
reuse, recycle and recover. 
Disposal of waste in landfill is 
least desirable option (figure 2). 

 Figure. 2: Inverted Pyramid of Waste 
Management

 
Source: Ottawa.ca

Figure. 3:  Circular Metabolism

STraTEGY Of fOur 
r’S fOr SOLId WaSTE 
maNaGEmENT
refuse whenever and wherever 
possible, choose items that are 
not packaged in plastic and carry 
your own bag, container and 
utensil. Heavy tax and penalty 
on plastic carry bags, Styrofoam, 
single use plastics, water bottles 
and straws can diminish their 
use. Plastics can be replaced 
by more sustainable options 
like reusable steel, glass bottles 
and non-disposable utensils. 
Disposable sanitary napkins can 
be replaced by menstrual cups 
and cloth pads. 

reuse: Choose glass, paper, 
stainless steel, wood, ceramic 
and bamboo over plastic. non-
toxic straws, utensils, to-go 
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containers, bottles, bags, etc. 
which can be reused. 

reduce: The waste should be 
reduced by half in next five years. 
Cut down the consumption of 
goods that contain excessive 
plastic packaging. The Ministry 
of Drinking Water and Sanitation, 
Government of India has 
requested various government 
departments to avoid the use of 
plastic bottles for drinking water 
during meetings.  The States of 
Maharashtra, Uttar Pradesh, 
bihar and Sikkim have banned 
the plastic carry bags and have 
restricted the usage of plastic 
water bottles in government 
functions and meetings.  The 
2015 National Games of India 
(Thiruvananthapuram) aimed 
at “zero-waste” venues to make 
the event “disposable-free” and 
banned the usage of disposable 
water bottles, plastic tableware 
and tumblers. 

recycle:  Waste can be recycled 
keeping in view the entire life 
cycle of items, from source to 
manufacturing, distribution 
and disposal. Waste plastic 
(HDPE) can be recycled into 
plastic timber, pallets, tiles, 
waste containers, liners, 
railway sleepers, fence posts, 
park benches, street furniture, 
lumber, tables, roadside curbs, 
benches, truck/cargo liners, 
stationery, etc.  Recycled plastic 
can be used for road surfacing 
with aggregate and bitumen 
(asphalt) at a temperature of 
220°C (428°F). biodegradable 

and degradable plastics help 
to reduce plastic pollution. It is 
necessary to adopt ecosystem-
based adaptive management for 
solid wastes.

WaSTE TO ENErGY 
(WTE)
by adopting scientific methods, 
energy can be recovered from 
waste. As the organic matter 
decays it produces biogas, 
known as landfill gas (lFG), 
landfills have to be managed 
so that the lFG does not pose 
a threat to the surroundings. 
Rather than discharging it to 
the atmosphere, lFG can be 
recovered for providing a useful 
energy. Indian municipal waste 
has a potential to generate 150-
250 cum of biogas/lFG per ton 
depending upon the quality 
of wastes. by employing a set 
of generator and transformer, 
bio-gas can be converted into 
electrical energy. 

The task force of the Planning 
Commission headed by K. 
Kasturirangan proposed a target 
of setting up 215 Waste to Energy 
(WTE) plants by 2031 that will 
generate 1,075 MW of power and 
setting these through public-
private partnerships (PPPs) with 
viability gap funding of up to 
40 percent. The report stresses 
for an integrated approach 
towards municipal solid waste 
management, and the need for 
segregation of waste at source 
with private sector help. Since the 
urban local bodies (Ulbs) lack 

the financial and institutional 
capacity necessary for integrated 
management of municipal 
solid waste, which requires 
investments, especially for WTE 
projects, the report suggests to 
transfer the commercial risks 
to the private sector in order 
to ensure an efficient system 
for collection, transportation 
and processing of waste for 
generation of electricity. It is 
proposed that WTE projects can 
be set up in cities with population 
above two million, generating 
more than 300 tonnes per day or 
more of combustible waste. The 
report proposes exemption from 
corporate income-tax for the first 
five years, immediate refund of 
value-added tax and a feed-in 
tariff, which means higher price 
for waste management and 
energy, among other things. 

As a pilot project, the Delhi 
Energy Development Authority 
since 1986 has been extracting 
gas from a sanitary landfill in 
Timarpur. Eight wells were 
bored into this 80 acre dump, 
20 to 35 feet deep, which have 
been yielding 33 cubic feet of 
gas a minute.  This can be used 
either for cooking or to power a 
30 KVA generator, using diesel 
or a mixture of diesel and gas 
as fuel. The gas, similar to bio-
gas, is 55 to 60 percent methane, 
with a calorific value of 550 
british Thermal Units and is 
supplied to 20 outlets in balak 
Ram Hospital twice a day for 
six hours. The gas has not been 
used to generate electricity 
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over a length of time though 
the provision is there and the 
necessary electrical connections 
to the hospital have been made. 
The generator consumes six litres 
of fuel an hour but when mixed 
with gas a saving of 4.5 litre of 
the fuel is effected. To extract 
the gas, a four inch diameter 
perforated pipe is sunk. Another 
perforated pipe, two inches in 
diameter, is lowered into it and 
the surrounding area is filled 
with bricks to prevent decaying 
matter from clogging the pores. 

In Delhi new WTE plants have 
invited strong opposition from 
the neighbouring localities 
due to pollution, soot, odour 
and garbage processing. This 
needs improvement in plant 
technology and waste transport, 
as well as locating such plants 
outside the residential zone.

Jindal Ecopolis, which is 
operating the new plant in 
Okhla,	claims	to	be	using	better	
technology but the problem 
remains that waste is not 
segregated.	The	Okhla	plant	is	in	
the middle of a residential area, 
which has been inviting stiff 
resistance from the residents, 
who suspect that the plant is 
burning everything, from plastic 
to chemicals and for 16MW of 
power, it is too high a price to 
pay. 

The Indian Renewable Energy 
Development Agency (IREDA) 
estimates suggest that the 
country has so far realised only 
about 2 per cent of its waste-

to-energy potential. A market 
analysis by Frost and Sullivan 
predicts that the municipal solid 
waste-to-energy market could be 
growing at a compound annual 
growth rate (CAGR) of 0.7 per 
cent in the near future. 

SOLId WaSTE ENErGY 
aNd rEcYcLING 
facILITY (SWErf) 
A sustainable and feasible 
solution for the management 
of municipal solid waste is 
setting up of a Solid Waste 
Energy and Recycling Facility 
(SWERF). SWERF reduces the 
need for future acquisition of 
land for landfills by 90 per cent. 
Odours	 and	 health	 risks	 are	
reduced as the SWERF is totally 
enclosed. There is sterilized 
handling of recyclables and 
rejects as the municipal solid 
waste is first processed in an 
autoclave. Greenhouse gases are 
reduced by efficient conversion 
technology. The SWERF system 
has the features such as :  Waste 
Reception, that includes the rag-
pickers in the loop; Autoclaving 
of waste;  Mechanical source 
separation of recyclables;  
Organic	 pulp	 washing,	 drying	
and storage; Gasification of 
organic pulp to create syngas; 
and Electricity generation from 
syngas. The technologies that 
are used by SWERF include: 
Split bin collection for municipal 
wastes; Sorting and processing 
technologies utilized in existing 
materials recovery facilities; 
and Value adding process for 

glass, plastics, metals and paper, 
in which rag pickers have an 
important role.

maNaGEmENT 
rEfOrmS 
Promoting alternative 
approaches in solid waste 
management need municipal 
reforms, change in attitude 
(particularly towards rag 
pickers), capacity development 
and a partnership approach 
involving the private and 
community sectors. Suitable 
mechanisms need to be evolved 
to overcome the barriers in 
promotion, development and 
dissemination of new approaches 
to waste management. This 
requires proper coordination 
and dovetailing of the resources 
of the government/local bodies, 
development	authorities,	NGOs,	
RWAs, industry, cooperatives 
and private sector. A clue can 
be taken from the british local 
Authority Act, whereby the 
concept of ‘Compulsory and 
Competitive Tendering’, the 
monopoly of local bodies in 
the solid waste management 
and other services has been 
disbanded and they have to 
compete with the private sector. 
Indian cities can learn from such 
success stories and incorporate 
suitable legal, managerial and 
financing reforms that will 
bring investments, together 
with new, smart technology and 
operational efficiencies.

Integrated planning and 

THEmE PaPEr



October 2018 Volume 19 No. 2-SHELTER 17    

management should include 
maintenance and replacement 
of machinery, equipment and 
vehicles, manpower training 
and research, identification 
of appropriate sites for the 
dustbins, transfer stations, waste 
to energy sites, compost plants, 
incinerators, workshops, etc. The 
operational planning involves 
planning and development 
of gravity chutes, pneumatic 
ducts, route optimisation 
for transportation of waste; 
marketing of bye-products, 
and effective involvement 
of rag pickers, community 
groups and resident welfare 
associations. Regular analysis 
of waste characteristics on 
seasonal basis both in terms 
of quantity and constituents 
may help in improved SW 
management. Preparation of 
Waste Management Plans in 
consultation with the inter-
connected agencies would help 
in synergizing the efforts and 
improving overall performance.

INSTITuTIONaL 
arraNGEmENTS
The Yes bank business Council 
for Sustainable Development in 
its report E-Waste Management 
has proposed that the 
institutional framework may 
be centered on the concept 
of Producer Responsibility 
Organization	 (PRO),	 an	 entity	
which is intended to have the 
physical responsibility for the 
waste recycling mechanism 
by providing forward and 

backward linkages with all other 
actors involved in the process. 
Such	 PROs	 have	 been	 formed	
as third party organizations to 
manage and collect the end-
of-life products in lieu of each 
producer establishing its own 
separate system. 

The Ministry of Urban 
Development in its Atal 
Mission for Rejuvenation 
and Urban Transformation 
(AMRUT, 2015) have also 
recommended establishment 
of dedicated Special Purpose 
Vehicle within the urban local 
body for integrated, efficient 
and professional management 
of urban waste. The model 
requires integration of activities 
between the informal and formal 
sectors, thereby bringing them 
into the mainstream of waste 
management activity (figure 4).

Through dovetailing the 
informal sector with mainstream 
recycling units, it is envisaged 
that the informal sector will 
serve as a feeder system for the 
formal recycling industries. 
While the informal sector 
carries out dismantling activities 
in a controlled manner, it is 
imperative that operational 

standards are prescribed to 
ensure a mix of manual and 
mechanical operations. A 
monitoring mechanism should 
also be put in place so that all 
operations are environmentally 
sound and safe for the workers.

SmarT SOLuTIONS
Technology plays an important 
role by providing smart, 
performance based and efficient 
solutions for digital planning, 
sanitation, sewerage and 
garbage collection, resource 
optimisation, asset management, 
maintenance, pollution controls, 
air quality measurements, 
etc. Technology can also help 
involving citizens in waste 
management and monitoring by 
using mobile and web channels.

The following ICT enablers 
can be invoked for Solid Waste 
Management (figure 5):

•	 Online platforms:	 Online	
platforms provide options 
and alternatives to the user 
to look into reusing old 
stuff. The existing user is 
also encouraged to look for 
options to sell and regain 
value from the product before 
discarding the product as 

Figure. 4: Integration of Informal Sector in Managing Waste

Source: Adapted from GIZ, 2010
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waste.
•	 analytics: Accurate 

projections on total waste 
generated, waste type and 
identification of high waste 
generation areas enable 
effective planning and 
management of solid waste, 
management services. Use of 
analytics during events with 
large citizen involvement 
such as festivals and fairs can 
ensure smooth collection and 
transport of waste.

•	 Sensor-based waste 
collection: Sensor-based 
waste bins to identify status 
of waste bins if it is empty 
or filled so as to customize 
the waste collection schedule 
accordingly and save costs.

•	 automated waste collection 
system: Automated Waste 
Collection System (ACS) is a 
long-term solution and can 
take care of the conventional 
methods like door-to-
door, curb-side, block, 
community bins collection 
and transportation via 
chute system from high rise 
buildings with waste sucked 
though pipes and minimal 
human intervention.

•	 GPS devices and sensors on 
waste truck: GPS technology 
to route the waste collection 
trucks can optimize the 
collection efficiency and 
ensure contractors dump 
waste at the designated 
places. It will also give a clear 
picture of waste generated 

per ward/locality.
•	 Sensor-based sorting: Sorting 

waste material with the use 
of sensor technology helps 
in smart sorting. The sensor 
technology can recognise 
materials based on their 
visible spectrum or colour 
with infra-red/ultra-violet 
spectra or based on their 
specific and unique spectral 
properties of reflected 
light, or atomic density or 
conductivity/ permeability or 
atomic characteristics.

•	 Pollution sensors: leverage 
the pollution sensors to gauge 
pollution levels at landfills/ 

waste storage and processing 
units.

•	 Energy simulation (waste 
to energy): Use of energy 
simulation software and 
analytics can provide 
accurate projections of waste 
generation and energy 
production from waste.

•	 analytics-based landfill 
management: Accurate waste 
generation and collection. 
projections along-with break-
up of type of waste can enable 
smart landfill management.

•	 Integrated asset management 
solutions: Integrated 

Figure  5: Smart Solid Waste Management

 Source: NASSCOM (2015). Integrated ICT and Geospatial Technologies, New Delhi
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asset management of all 
waste, infrastructure assets 
including the associated 
data, processes, information 
systems and governance for 
manageable operations and 
higher sustainability.

•	 Business process automation: 
Re-engineer, optimise and 
automate business processes 
using business process 
management solution to have 
a fully integrated and policy-
driven set of automated 
business processes that 
increase efficiency and reduce 
service delivery costs.

•	 Workforce and resource 
management: leverage the 
workforce and resource 
management solutions 
to improve workforce 
engagement and task 
management.	 Optimise	
the workforce with the 
help of management 
solutions like planning, 
forecasting and scheduling, 
shift management, mobile 
applications to execute tasks 
and efficient performance 
management tools.

•	 city performance 
management: Monitor 
the performance of waste 
management subsystems 
through the digital 
technologies and big data 
analytics.

•	 Integrated command and 
operations centre: leverage 
integrated command and 
operations center to monitor 

city services on real-time. 
I m p r o v e / s y n c h r o n i s e 
maintenance activities to 
reduce downtime.

•	 Geospatial dashboard: bin 
locations, landfill locations, 
waste management assets 
can be mapped by geospatial 
system.

cONcLuSIONS
The endeavour to make human 
settlements cleaner, hygienic and 
environmentally sustainable and 
smart, requires changes through 
hybrid and smart solutions 
of solid waste management. 
The paper highlights various 
alternatives to landfill sites 
and emphasises the need to 
segregate, reduce and recycle 
the wastes. Smart solutions, IT 
and sensor-based processes can 
help in making SWM efficient, 
sustainable and decentralised.  
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A new hazard rating 
system, HDM, has 
been applied to nine 
Indian landfills for the 
groundwater hazard score 
(HRGW) to prioritize 
them for evaluating the 
most effective remedial 
strategies.
Among the nine landfills, 
HDM assigns highest 
priority to Deonar 
landfill for groundwater 
route followed by Gorai, 
Ghazipur, Bhalswa, 
Mavallipura, Okhla, 
Kodungaiyur, Pergundi, 
and Jodhpur.
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In developing countries, several 
landfills are unscientifically 
managed, overburdened with 
unsegregated waste, the major cause 
of environmental pollution and risk 
to public health. However, financial 
constraint is a major barrier to 
landfill rehabilitation. Therefore, 
there is a necessity to prioritize 
polluting landfills based on their 
hazards to allocate resources most 
effectively for remedial measures. 
This paper investigates existing 
hazard rating models and landfill 
sites and sets forth a cost-effective 
hazard rating system that can 
identify a wide array of hazard levels 
in landfills found in geographically 
and economically extreme regions. 
The proposed model, Hazard 
Decision Model (HDM), is a 
relative hazard assessment model 
based on source-pathway-receptor 
relationships that computes hazard 
scores for groundwater, direct 
contact and risk of fire routes. It 
generates separate priority lists 
for remedial action and emergency 
action. The system parameters and 
the relative importance weights are 
based on literature and field data. 
HDM is compared with existing 
hazard rating while they are 
applied to nine characteristically 
different Indian landfills. The 
results demonstrate that HDM can 
generate more distinguishable scores 

and exhibit greater sensitivity to 
varied landfill and receptor hazard 
characteristics making it a more 
effective tool for site ranking and 
evaluating remedial strategies. 

INTrOducTION
According to the World Wealth 
Report (Wilson et al, 2017), India 
is the best-performing wealth 
market globally. However, it is 
also the sixth highest total waste 
generating country in the world 
(Hoornweg and bhada-Tata, 
2012) with most of its municipal 
waste being improperly 
disposed of. Improper solid 
waste management and 
unscientifically maintained 
landfills have plagued 
developing countries like India 
with environmental pollution 
and public health risks (Nandan 
et al, 2017). However, the 
estimated costs for remediating 
all waste sites would extend 
beyond thousand crore rupees, 
raising serious concerns over 
its affordability. Thus, there 
is an urgent need to develop 
a hazard rating system that is 
capable of prioritizing landfills 
in geographically diverse 
conditions in a cost-effective 
manner so that limited resources 
can be allocated efficiently. 

Keywords: Hazard Rating System, 
Groundwater, leachate, landfill, 
Hazardous waste, Municipal solid waste 
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landfills harm the environment 
by releasing pollutant gases 
and leachates, among which 
leachates are the most persistent 
(belvi and baccini, 1989). These 
leachate contaminants adversely 
affect many people living near 
landfills with water-borne 
diseases. besides this, there have 
been frequent fire incidents at 
several landfill sites like Dhapa, 
Deonar, Ghazipur, and bhalswa 
(Vasanthi et al, 2008). Garbage 
landslides during monsoon and 
fire hazards have sometimes 
caused deaths of rag pickers 
(Naruka, 2012). Moreover, 
many rag pickers reside on 
top of landfills, risking their 
health by contacting toxic waste 
materials (Naruka, 2012). These 
reports show that groundwater 
pollution, direct contact and fire 
hazards are major risks posed 
by several uncontrolled landfills 
to the environment and public 
health.

This paper establishes a Hazard 
Decision Model (HDM), which, 
for the first time, evaluates 
hazard posed by landfills 
through three major hazard 
routes – groundwater (GW) 
route, direct contact route and 
fire and explosion route. The 
attributes to be considered 
for HDM were selected based 
on a field study conducted 
at Mavallipura landfill in 
bangalore. Due to uncontrolled 
dumping since 2005, the study 
(Naveen et al, 2016) revealed 
high leachate contamination 
of groundwater at the site. The 

results were further used to 
outline the landfill’s hazard 
potential and recommend 
essential remedial actions. The 
present paper aims to extend the 
study by incorporating a novel 
hazard rating model for the 
assessment of characteristically 
diverse landfills across India.

For the present study, various 
existing hazard ranking 
systems, that have been 
widely employed in developed 
countries, were analyzed. These 
include Environmental Repair 
Program Hazard Ranking 
System (ERPHRS) by Wisconsin 
Department of Natural 
Resources (2001), Risk Screening 
System (RSS) by Ministry for 
the Environment (2004), JENV 
by Kurian et al (2005) where the 
acronym stands for the author 
names, and Time-dependent 
Model (TDM) by Singh et al 
(2010).

Unlike existing hazard rating 
models, HDM encompasses 
a vast variation in landfill 
characteristics, climatic 
conditions and receptor hazard 
characteristics. HDM also 
generates more distinguishable 
hazard ranks of landfills as 
compared to existing models. 
It relies on cost-effective data 
collection methods like site-
walkover, regional maps of area 
and literature reviews. Unlike 
existing models, the HDM 
model provides separate priority 
lists for landfills requiring 
emergency action and remedial 

action. The direct contact and 
fire and explosion route scores 
are used for prioritizing landfills 
for emergency action which may 
include limiting public access 
to landfills and mitigating fire 
hazards by removing ignitable 
products. The GW route score 
is used to prioritize landfills for 
complete remedial action.

THE HaZard 
dEcISION mOdEL
Groundwater hazard route

In the HDM model, the hazard 
rank for GW mode (HRGW) 
is a product of three hazard 
categories – source hazard 
(HS), pathway hazard (Hp) and 
receptor hazard (HR) – and is 
based on a standard formula, 
Equation 1, used by most 
multiplicative hazard rating 
algorithms.

HRGW=  x 1000         (1)

The numerical value of 
each hazard category and 
parameter is evaluated using 
mathematical formulae. The 
minimum and maximum values 
of all parameters involved are 
summarized in Table 1. The 
HRGW  rank ranges from 0-1000 
with no strict upper limit. This 
gives HDM an edge over most 
existing models which cannot 
differentiate landfills that are 
more hazardous than their upper 
limit values. In Equation 1, the 
scaling factor (SF) represents 
the value, 2,23,189, generated 
by HDM which corresponds 
to HRGW  rank of 1000. For 
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GW mode, the HDM model 
incorporates new formulae into 
the time-dependent leachate 
variation concept presented 
by Singh et al (2010), which 
uniquely allows for cumulative 
hazard assessment of landfills 
throughout their life.

Source Hazard category

The source hazard category (HS) 
assesses the level of leachate 
quantity, strength, and toxicity 
using Equation 2.

HS = Ti (QA SA + QPA SPA)                         (2)

Rapid and inexpensive 
assessment of leachate quantity 
entails an evaluation of 
easily accessible causalities. 
These determinants include 
precipitation (P), infiltration 
score (i), waste site area (A) 
and active age (TA). leachate 
quantities discharged by 
landfills over their active life 
(QA) and post-active life (QPA) 
are given by Equations 3 and 4.

QA = P x i x A x TA                                   (3)

QPA = P x i x (2 A) x TPA                          (4)

Many existing models, like 
TDM, limit the strength of 
hazardous waste composition 
of MSW landfills to 5%. This 
vastly misrepresents the toxicity 
of these landfills in developing 
countries where they also 
receive unsegregated waste. The 
chemical composition analyses 
of most landfill leachate reveal 
an alarming presence of heavy 
metals and chlorinated salts 
(Naveen et al, 2017) which play no 
role in the algorithm of existing 

hazard rating models. Therefore,  
HDM introduces a new Toxicity 
parameter (Ti), in Equation 2, 
which uniquely caters to a wide 
leachate contaminant variation. 
The toxicity parameter was 
formulated based on various 
characterization analyses of 
leachate from Mavallipura 
landfill in bangalore (Naveen 
et al, 2017). This study used the 
results of leachate, elemental, 
cluster, microbiological and 
physio-chemical analyses to 
recommend vital remedial 
strategies for leachate pollution 
prevention. Drawing from this 
study, the evaluation of toxicity 
parameter requires chemical 
composition analyses of landfill 
leachate which can be found 
in the literature for many 
hazardous landfills. For each 
contaminant present in leachate, 
its permissible limit is identified 
as per the Indian drinking water 
standards specified by bureau 
of Indian Standard (2012). The 
contaminant found in leachate 
having the lowest permissible 
limit is chosen as the most toxic 
pollutant and is assigned a 
toxicity score (Ti) based on Table 
2.

In Equation 3, a parameter, 
annual precipitation score (P), is 
introduced which is evaluated 
as per Equation 5. While existing 
models like JENV incorporate 
limited annual rainfall values 
(250 mm – 2500 mm), HDM 
accommodates a wider range 
found in India (200 mm to 11,000 
mm).

Table-1 The best and worst values of model 
parameters

Waste site 
parameter

Best 
value

Worst 
value

Annual Precipitation 
(mm)

250 ≥ 2500

Waste site area 
(hectares)

5 ≥ 25

Active age (years) 5 ≥ 35

Waste site Depth 
(m)

5 15

Hazardous waste 
fraction (%)

0 5

Biodegradable 
waste fraction (%)

0 75

Construction and 
demolition waste 
fraction (%)

100 0

Vadose zone 
thickness (m)

50 5

Vadose zone 
permeability (m/s)

10-9 10-5

Aquifer thickness 
(m)

50 5

Aquifer 
permeability (m/s)

10-6 10-4

Groundwater 
gradient (%)

1 5

Distance to nearest 
groundwater supply 
(m)

5000 500

Population served 
by groundwater

0 200,000

Irrigation area 
(km2)

0 28

Livestock using 
groundwater

0 4361

Sensitive 
environment using 
groundwater (km2)

0 28

Distance to the 
nearest facility of 
socioeconomic 
value (km)

0 20
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Table-2 Permissible limits and their 
Toxicity scores

Guideline for 
drinking water 
toxicity (ug/L)

Toxicity Score, Ti

<= 1 1
>1 to 10 0.97
>10 to 102 0.94
>102 to 103 0.91
>103 0.88

Moreover, unlike the TDM 
model, the P score is formulated 
such that most Indian landfills 
fall categorically within a 0-1000 
HRGW  score range even at 
the worst P value. While the 
minimum (best) value for annual 
precipitation is fixed at 250 mm, 
there is no assigned maximum 
(worst) limit.

P =   (5)

The active age (TA) of a waste site 
is the number of years waste was 
regularly disposed to a landfill. 
The two oldest Indian landfills 
have active ages of 90 years 
(Majumdar and Srivastava, 2012) 
and 37 years (Jha et al, 2008). Yet, 
most existing models recognize 
maximum landfill ages of only 30 
years and fail to subsume a wider 
range. For this reason, the HDM 
model allows the age parameter 
to exceed its maximum limit if 
necessary in order to prevent 
cluttering of hazard scores when 
present landfills get older than 
the maximum age limit in the 
future. 

The other parameters in the 
source hazard score (HS) are 
part of the time-dependent 

leachate variation concept and 
are evaluated as per TDM. These 
parameters include infiltration 
score (i), waste site area score 
(A), leachate strength over active 
life (SA), leachate strength over 
post-active life (SPA) and post-
active life of landfill (TPA). The 
infiltration score (i) assesses 
hazard posed by poor landfill 
cover systems that allow 
rainwater to infiltrate the waste. 
lack of proper and impermeable 
liners in several developing 
countries, like India, allows 
simple algorithms of TDM and 
ERPHRS to adequately evaluate 
the infiltration parameter 
which is assigned using Table 
3. Waste site areas in India vary 
from 1 to 58 hectares except for 
Deonar landfill which spans 120 
hectares (Annepu, 2012). All 
existing models, except TDM, 
acknowledge only till 10 hectares 
of landfill area thus failing to 
incorporate this large variation. 
Hence, the waste site area score 
(A) is assigned as per Equation 6, 
as per TDM. 

A =  (6)

The hazard posed due to time-
dependent leachate variation 
is calculated using parameters 
like SA, SPA, TPA, and temporal 
variation factor (FlR) based on 
the landfill leachate models of 
Straub and lynch (1982) and 
Gonullu (1994). Their formulae 
can be obtained using the 
following Equations 7-11, where 
add ‘θ’ represents waste field 
capacity. 

SA = So x FlR                                                                   (7)

SPA = (SA) –                (8)

TPA =    (9)

So  =  x D                       (10)

FlR = Exp  (11)

Here, So accounts for initial 
leachate strength of landfill and 
FlR accounts for the decrease in 
leachate strength over its active 
life. Therefore, SA represents the 
reduced leachate strength after 
active life is completed. Post 
active age (TPA) is the number 
of years the landfill will release 
leachate into the underlying 
aquifer after its closure and until 
its stabilization (Singh et al, 
2010). Stabilization is achieved 
when leachate strength reaches 
TDS of 500 mg/l, assuming 
that an initial leachate strength 
(So) of 100 corresponds to a 
TDS of 55,000 mg/l. Taking an 
integral average of SA over TPA 
gives the formula for SPA where 
SPA cannot have a negative 
value and So cannot be greater 
than 100. In Equation 10, So is 
calculated using the percentage 
of hazardous (H), biodegradable 
(b) or construction (C) wastes at 
landfills. but, the TDM model 
limits H as either 1% or 5%. 
Therefore, if HW producing 
industries are present near an 
MSW landfill to be scored and if 
their waste is transported to this 
landfill, then HW composition 
(H) is 5%. Else, H = 1%. Waste 
depth among Indian landfills 
varies from 2 m to 25 m. 
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However, waste depth greater 
than 15 m has no further effect 
on increasing leachate strength 
(Jang and Townsend, 2003). 
Hence, HDM evaluates waste 
depth (D) as per TDM using 
Equation 12.  

D = 
  

(12)

Table-3 Infiltration score for different 
landfill cover types

Type of landfill cover i
No soil cover, undulating 
landfill surface

1

No soil cover, graded landfill 
surface

0.9

Nominal soil cover (60 cm 
thick) with graded surface

0.8

Pathway Hazard Category: 
Pathway hazard category for 
most existing models, like TDM 
and JENV, constitutes vadose (V) 
and aquifer (A) characteristics 
that affect the resistance faced by 
leachate as it travels from landfill 
to the aquifer. Unlike these 
models, the pathway hazard 
score (HP) in HDM prioritizes 
evidence of observed release 
of	 contaminants	 (Ob)	 over	
potential release parameters 
(V and Aq). The computation 
for vadose indicator (V) and 
aquifer indicator (Aq) can be 
obtained from Equations 13 and 
14, as per TDM. The formulation 
includes Vadose thickness 
(Vt), Vadose permeability (Vp), 
Aquifer thickness (At), Aquifer 
permeability (Ap), Groundwater 

gradient (gg), and Distance to 
the nearest groundwater well 
(Dgw). Here, if the distance to 
nearest groundwater well (Dg) 
is 0, then Aq = 1.

V = 0.7 + 0.3 
     

(13)

Aq = (0.8) + 0.2  x         

(14)

The observed release parameter 
is important due to the 
inaccuracy of the scoring 
algorithm for vadose and 
aquifer characteristics. This is 
because aquifer and vadose 
zones may contain unknown 
barriers and channels which can 
cause significant deviation from 
the estimated hazard they pose 
to the environment (National 
Research Council, 1994). The 
observed release parameter 
should be evaluated as per 
ERPHRS model. In the HDM 
model, if evidence for observed 
release exists, then HP	=	Ob	=	1.	If	
there	is	no	evidence,	then	Ob	=	0	
and HP = V x Aq.

Receptor Hazard Category: 
Receptor hazard score (HR), 
evaluated using Equation 15, 
constitutes six receptors that 
are burdened by leachate 
contamination. While TDM 
model fails to quantify the 
hazard levels posed to receptors, 
other models like ERPHRS, 
JENV and RSS neglect the 
diverse receptor characteristics 
in India. Therefore, the HDM 

model introduces new formulae 
for each receptor to overcome 
these challenges.  

HR = A + GP + GC + GL + GSE + GSOC    
(15)

The aquifer existence (A) 
parameter represents the risk 
posed to receptors due to the 
existence of an aquifer. If the 
aquifer doesn’t exist below a 
landfill, A = 0.5 and all other 
receptor parameters are 0. 
Therefore, HR = 0.5. If aquifer 
exists, A = 1 and HR depends 
on all receptors as per Equation 
15.	 Other	 receptor	 parameters	
include those afflicted by a 
polluted aquifer including 
population (GP), irrigation area 
(GC), livestock (Gl), sensitive 
environment (GSE) and socio-
economically valuable facilities 
(GSOc). The maximum limit for 
HR score is 2. 

The parameter, GP, is formulated 
by HDM based on existing 
data for the number of people 
living near landfills due to 
lack of studies on populations 
drinking contaminated GW 
near landfills. Although around 
70,000 people reside within 3 
km radial distance from landfills 
like Pergundi (Census of India, 
2011), TDM and ERPHRS 
assume a maximum population 
of only 5000. Therefore, HDM 
proposes a logarithmic formula, 
Equation 16, to incorporate a 
larger population range into 
the smaller GP score range 
while ensuring that the lowest 
population value does not 
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receive negligible scores. The 
worst population limit is 200,000 
based on the average value of 
populations living within 3 km 
radial distance from landfills 
in Indian metropolitan cities. 
Here, the population includes 
residents, regular workers, and 
students who drink water from 
groundwater supplies that are 
present within 3 km distance 
from the landfill. GP = 0, if no 
such population exists. GP = 1 for 
population greater than 200,000.

GP =  (16)

Equation 17 is used to evaluate 
the GC score which measures  
non-zero values of irrigation area 
within 3 km radius of the landfill. 
If the groundwater is not used for 
irrigation, then GC = 0. based on 
the average livestock population 
of India, Equation 18 is proposed 
for livestock hazard score (Gl). 
If there is no population in 3 
km radius, Gl = 0. Gl = 0.16 
for a population greater than 
4361. Equation 19 is proposed 
to evaluate GSE indicator for 
sensitive environment (SE) area 
within 3 km of the landfill that 
uses aquifer supply for watering. 
If there is no such SE area within 
3 km radius, then GSE = 0.

GC = x 0.16    
(17)

Gl =       (18)

GSE = x 0.16  (19)

For the first time, GSOc parameter 
is introduced to measure hazard 
posed due to contaminated 
GW use by industries, airports, 
and other socio-economically 
valuable facilities. Equation 20 
assumes the least hazardous 
distance from these facilities is 
20 km (Kurian et al, 2005).

GSOc = 0.16 

x                                                                               
(20)

fire and Explosion hazard route

The fire and explosion (F & E) 
hazard score, HRFE, reflects the 
fire hazard posed by ignitable 
contaminants present in 
landfills and is calculated using 
Equation 21. Some parameters 
are incorporated from ERPHRS 
since it is the only hazard rating 
system that evaluates F & E route. 
While HRFE and HRDC scores 
range from 0 to 1000, unlike 
ERPHRS, the HDM model allows 
these scores to exceed 1000 if 
required. HDM also generates a 
higher number of possible scores 
between 0 and 1000. The source 
(HS), pathway (HP) and receptor 
(HR) hazard scores are calculated 
by Equations 22 to 25. 

HRFE = HS x HP x HR x      
   (21)

HS = NFE + IG + RE + IC + Q                    
(22)

HP = E, if E =3                                        (23)

HP = C, if E = 0                                       (24)

HR = DPOP + DbD + DSN + l+ NPOP + 
NbD      (25)

For model parameters like 
ignitability (IG), reactivity (RE), 
incompatibility (IC), evidence 
(E), and containment (C), 
the evaluation criteria can be 
obtained from ERPHRS. The 
HDM model introduces a new 
parameter, frequency of F & E 
occurrences (NFE), that is assigned 
scores based on the total number 
of fire and explosion occurrences 
in the past (F). F is calculated 
by multiplying the number of 
landfill fires occurring annually 
with landfill age. The NFE score 
is calculated as per Equation 26 
and it does not have a maximum 
limit. but, for F values less than 
3, NFE = 1. Equation 27 for waste 
quantity score (Q) is proposed to 
accommodate the wider range of 
waste quantity values of Indian 
landfills which all existing 
models fail to do. Q score has 
no maximum and minimum 
limit since waste quantity will 
increase in the future.

NFE  =              (26)

Q = x 0.008 
(27)

Distance to nearest population 
(DPOP) and Population within 
3 km radius (NPOP) together 
evaluate the risk posed to 
humans by fire at landfills. DPOP, 
as per Equation 28, measures 
the distance between the landfill 
and the nearest building used 
by people for residential, 
occupational, educational, 
or recreational purposes. For 
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distance greater than 3057 m, 
DPOP = 0. If distance is 0, then 
maximum DPOP = 4.613. NPOP, 
as per Equation 29, measures 
the population at risk within 
a 3 km radius distance from 
the ignitable substance at the 
landfill.	For	population	≥	13,000,	
NPOP = 5.

DPOP  =  4.613 x  exp(-0.0005 x               
  distance)             (28)

NPOP  = 0.9574 x population0.1742
  

(29)

Distance to nearest building (DbD) 
and Number of buildings within 
3 km radius (NbD) indicate the 
risk of property damage because 
of fire or explosion. Equation 30 
is proposed for DbD score. If the 
distance is greater than 1000 m, 
DbD = 0. If the distance is 0, then 
maximum DbD = 3. Equation 31 
is proposed for NbD score. For 
number	of	buildings	≥	2,600,	the	
maximum NbD score is 5. 

DbD =  3 x exp(-0.001 x distance)                         
(30)

NbD  = 1.0052 x number of 
buildings0.2039                            (31)

Distance to the nearest sensitive 
environment (DSN) score 
indicates the distance between 
the ignitable substances at 
the landfill and the sensitive 
environment. DSN scores are 
assigned for distances to 
wetlands and distances to critical 
habitats. Whichever of the two 
that gives the highest DSN score 
is reported. If the distance to 

wetlands is greater than 30 m, 
DSN	score	is	0.	If	this	distance	is	≤	
30 m, DSN score is 3. DSN score for 
critical habitat is assigned using 
Equation 32.

DSN  =  3.1042 x exp(-0.001 x 
distance (m))                    (32)

land use (l) parameter measures 
the hazard posed to various 
nearby facilities by evaluating 
its nature of human activity. 
Only	 the	 facility	 that	 gives	 the	
highest l score is reported. If 
any	of	the	distances	are	≤	0.4	km,	
l = 3. l score for commercial and 
agricultural lands is calculated 
using Equation 33. For distances 
> 1.6 km, l = 0. l score for parks, 
forests, wildlife reserves and 
residential areas, is evaluated 
using Equation 34. For distances 
> 3.2 km, l = 0. 

l = 4.242 x exp(-0.908 x distance

 (km)) (33)

l = 3.6009 x exp(-0.395 x distance                    

 (km))           (34)

direct contact hazard route 
(HrDC)

HRDC reflects the hazard posed 
by coming in direct contact with 
toxic materials at the landfill site. 
HRDC score is calculated using 
Equation 35. The source (HS), 
pathway (HP) and receptor (HR) 
hazard scores are calculated by 
Equations 36 to 39. For direct 
contact route, model parameters 
are waste toxicity (WT),	Observed	
Evidence (E), barrier (bi), 
Containment (Ci), distance to 
the sensitive environment (DSN), 

and Population (NPOP). For WT, 
bi, and Ci, the evaluation criteria 
can be obtained from ERPHRS. 

HRDC = HS x HP x HR x   
              (35)

HS = WT                                                    (36)

HP = E,  if E = 45                                     (37)

HP = bi x Ci,  if E = 0                               (38)

HR = DSN + NPOP                                       (39)

The HDM model introduces a 
parameter, observed evidence 
(E). If there is evidence for direct 
contact with a waste material 
at landfill resulting in illness, 
injury, or death to any animal 
or human, then E = 45. If there 
is no such evidence, the HP 
score is assigned using Equation 
38. Population score (NPOP) 
indicates the population, at risk 
of direct contact, living within 
1.6 km radial distance of landfill. 
For	 population	 ≥	 13,000,	 NPOP 
= 20. Distance to the sensitive 
environment (DSN) indicates the 
distance between the hazardous 
substances at the landfill and 
the sensitive environment. For 
distances	≥	3.25	km,	dSN  = 0. For 
distances	≤	0.4	km,	the	maximum	
DSN  = 20. NPOP and DSN scores 
are assigned as per Equations 40 
and 41. 

NPOP =  3.83 x population0.1742                                                 
  (40)

DSN =  21.9 - (distance (km) x 5.48
78)                                            (41)

Information Gaps

Information gaps can occur 
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when the data for a parameter of 
a waste site is questionable and 
no other source of information 
is available. Information gaps 
are crucial elements that are 
often overlooked by many 
hazard rating models including 
JENV, TDM, ERPHRS and RSS. 
For a parameter whose value is 
questionable, a range must be 
decided wherein the value is 
most likely. Two site ranks should 
be calculated using the two end 
values in the range. Using the 
best and worst rank, an error 
percentage can be calculated 
using Equations 42 and 43. 
When the estimated hazard rank 
(HR) is displayed for such a site, 
it should be accompanied by the 
error percentage.

Positive error %  =  

x 100 (42)

Negative error %  =  

 x 100            (43)

cOmParISON Of THE 
Hdm mOdEL WITH 
EXISTING mOdELS
In this section, four existing 
hazard rating models are 
compared with the HDM model 
by generating GW hazard 
ranks for nine dissimilar Indian 
landfills, namely, Deonar, Gorai 
(Mumbai), Ghazipur, bhalswa, 
Okhla	 (delhi),	 Mavallipura	
(bengaluru), Kodungaiyur, 
Pergundi (Chennai) and 
Jodhpur (Rajasthan). The four 

existing models use different 
algorithms, namely, additive 
(JENV), multiplicative (RSS) 
and additive-multiplicative 
(ERPHRS, TDM, HDM) 
algorithms.

The selected landfills were varied 
in their climatic conditions, 
waste site area, precipitation, 
active age, toxicity and receptor 
hazards. While seven landfills 
belonged to metropolitan cities, 
Jodhpur landfill belonged to 
Rajasthan and Mavallipura to 
bengaluru. The population and 
livestock values were based 
on population density reports 
around the area and field visits 
need to be made for further 
accuracy. All other data for the 
landfills was obtained from 
literature.

The results of the comparison 
are depicted in Table 4. It can 
be seen that all existing models 
generate cluttered hazard ranks 
for some landfills and HDM 
is able to distinguish better 
between each landfill. ERPHRS 
model assigns the same hazard 
rank	 to	 Ghazipur	 and	 Okhla	
landfill. This is because, for each 
parameter of ERPHRS, these two 
landfills are assigned the same 
score despite major differences 
in their characteristics. The RSS 
model generates a wide range of 
scores due to its multiplicative 
algorithm. However, it assigns 
the same score to many pairs 
of landfills, namely, Deonar 
and Mavallipura, Kodungaiyur 
and	 Pergundi,	 and	 Okhla	 and	

Ghazipur landfills. This is 
because in the RSS model, due 
to very low upper limit values 
of parameters, most landfills get 
assigned the same upper limit 
value, and hence, generates the 
same hazard rank. 

While JENV model does not 
assign the same scores to 
any landfill, it generates a 
very narrow range of hazard 
scores (492 – 659) due to its 
additive algorithm. TDM model 
generates very similar scores for 
two landfills, Kodungaiyur and 
Pergundi, because it does not 
cater to their wide variation in 
receptor hazard characteristics. 
TDM assigns the same hazard 
receptor score to eight landfills 
despite large differences in 
receptor hazard characteristics. 

The hazard scores for all models 
are converted to a 1000-point 
scale to match the scale of 
TDM and HDM models. In 
TDM model, Deonar and Gorai 
landfills are assigned ranks of 
1125 and 1854, which are far 
apart. As per Central Pollution 
Control board (2015), around 
123 large and small landfills 
existed in India by 2015. Even 
by 2030, a maximum of around 
500 large and small landfills may 
exist if a liberal assumption of 29 
landfills being added per year 
is made. Therefore, in the TDM 
model, it is unnecessary to rank 
a few hundred Indian landfills 
between such a large range of 
values (83- 1854). For this reason, 
the HDM model generates ranks 
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for all Indian landfills within a 
0-1000 range with the exception 
of the Deonar landfill which 
is ranked at 1329. The Deonar 
landfill is allowed a higher rank 
because it has a much larger 
waste site area (120 hectares) 
than the second largest Indian 
landfill (58 hectares) and a much 
longer active age (90 years) than 
the second oldest Indian landfill 
(37 years). 

Among the nine landfills, HDM 
assigns highest priority to 
Deonar landfill for groundwater 
route followed by Gorai, 
Ghazipur, bhalswa, Mavallipura, 
Okhla,	 Kodungaiyur,	 Pergundi,	
and Jodhpur. Deonar landfill 
received the highest score 
(HRGW) because of its very 
high source hazard value (HS 
= 172,388) due to adverse site 
conditions including a large 
waste site area, high annual 
precipitation and long active age, 
all of which led to the highest 
leachate generation quantity 
compared to other landfills. 
While its cumulative leachate 
strength throughout its active 
life was the least among other 
landfills, its pathway (HP) and 
receptor (HR) hazard scores were 
among the highest, making it the 

most hazardous landfill in India 
as compared to others. Gorai 
and Ghazipur landfills scored 
higher	than	Bhalswa	and	Okhla	
mainly due to larger active 
life, waste site area and more 
hazardous waste compositions. 
In general, Mumbai landfills 
stored much higher waste 
quantity and greater annual 
precipitation than Delhi landfills 
causing them to generate more 
leachate and greater source 
hazard. Mavallipura landfill 
is deemed more hazardous 
than Chennai landfills despite 
having lower waste quantity 
because of very high leachate 
strength over active and post-
active life. Kodungaiyur is 
deemed more hazardous than 
Pergundi landfill despite having 
similar source hazard values 
due to their larger differences in 
receptor hazard scores. Jodhpur 
is the least hazardous landfill as 
per all hazard rating models due 
to very low cumulative waste 
quantity. 

landfills that have the highest 
source hazard (HS) scores 
due to high leachate quantity 
generation should have adequate 
leachate collection drains and an 
engineered top cover and liner 

of high thickness (30-60cm) to 
reduce infiltration. landfills 
that have a medium source 
hazard score due to low leachate 
quantity but high leachate 
strength should have better 
arrangements to pump out and 
treat contaminated groundwater 
along with a nominal top 
cover and liner. Hazardous 
landfills that have a very high 
receptor hazard require the 
authorities to immediately cut 
off the groundwater supplies to 
respective receptor and ensure 
an alternative mode of water 
supply. All landfills of hazard 
ranks greater than 100 should be 
closed with an appropriate cover 
containing a graded top, clay 
barrier of 0.6 m, drainage layer 
of 0.3 m and soil cover of 0.6 m.

cONcLuSION
A new hazard rating system, 
HDM, has been applied to 
nine Indian landfills for the 
groundwater hazard score 
(HRGW) to prioritize them for 
evaluating the most effective 
remedial strategies. The hazard 
scores generated by HDM 
have been compared with 
those of four existing hazard 
rating models – TDM, JENV, 
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Table-4 Groundwater hazard scores of nine Indian landfills using HDM and existing models 

Model Deonar Gorai Ghazipur Bhalswa Mavallipura Okhla Kodungaiyur Pergundi Jodhpur

HDM 1329 800 491 348 254 236 185 161 40
TDM 1854 1125 777 687 466 449 243 244 83
rss 700 490 84 294 700 84 205 205 11

JENV 650 652 613 659 507 605 572 564 492
ErPHrs 584 389 231 289 190 231 433 362 15
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RSS and ERPHRS, where each 
uses a different algorithm. The 
following conclusions can be 
drawn from the study:

1. Among the nine landfills, 
HDM assigns highest priority to 
Deonar landfill for groundwater 
route followed by Gorai, 
Ghazipur, bhalswa, Mavallipura, 
Okhla,	 Kodungaiyur,	 Pergundi,	
and Jodhpur. This implies 
that Deonar landfill should be 
remediated first followed by the 
others since it poses the greatest 
hazard to public health through 
the groundwater route.

2. Among the landfills, Deonar, 
Gorai, Ghazipur, bhalswa and 
Mavallipura have very high 
source hazard scores, and 
therefore, require advanced 
remedial strategies. Jodhpur, 
Ghazipur,	 Okhla	 and	 Bhalswa	
have the highest leachate 
strength, and therefore, 
require adequate groundwater 
treatment facilities. All landfills, 
except Jodhpur, have very high 
receptor hazard scores and, 
therefore, require authorities 
to disallow groundwater usage 
within a 3 km radial distance 
from the landfill and provide 
alternate means of water supply 
to the vulnerable receptors.

3. The comparison between the 
results of HDM and existing 
models shows that HDM is 
highly capable of differentiating 
landfills where existing hazard 
rating models can not. Each 
parameter of the HDM model 
can better discriminate between 

various degrees of potential site 
hazards than existing models. 

4. HDM model is unique 
compared to existing models 
because it overcomes the crucial 
challenges of relative hazard 
assessment like information 
gaps, high dependence on the 
subjective judgment of site 
inspectors, and evaluating socio-
economic impact of landfills. The 
algorithm of HDM is successful 
in finding a balance between 
the goals of assessing relative 
hazards to the maximum extent 
feasible and screening a large 
number of landfills using least 
expensive methods. The model 
also attempts to incorporate the 
toxicity of landfill leachate for 
analysing the hazard potential 
of landfills. HDM also produces 
novel features like separate 
priority lists for emergency 
action and remedial action. 

5. HDM’s unique features, 
its application to existing 
landfills and comparison with 
other hazard rating models 
shows that HDM improves the 
overall decision making for 
prioritization of landfills based 
on their hazard potential.

rEfErENcES
Aneppu RK (2012) Sustainable Solid Waste 
Management in India. Master of Science 
Thesis, Fu Foundation School of Engineering 
and Applied Science, Columbia University, 
New York, USA

belvi H, baccini P (1989) long-term behaviour 

of Municipal Solid Waste landfills. Waste 

Management & Research, 7(1): pp. 43–56. 
dOI:10.1016/0734-242X(89)90007-4

bureau of Indian Standard (2012) Indian 
Standard Drinking Water Specifications - 
Second Revision, IS 10500:2012, bureau of 
Indian Standard, New Delhi, India.

Census of India (2011) Population 
Enumeration Data (Final Population). 
Office	 of	 the	 Registrar	 General	 &	 census	
Commissioner, New Delhi, India.

Central Pollution Control board (2015) 
Annual Report 2014-15, Central Pollution 
Control board, Delhi, India

Gonullu MT (1994) Analytical modeling of 
organic contaminants in leachate. Waste 
Management & Research, 12:141–150. 
dOI:10.1177/0734242X9401200204

Hoornweg D and bhada-Tata P (2012) 
What a Waste: A Global Review of Solid 
Waste Management, Urban Development 
Series Knowledge Papers, World bank, 
Washington, USA.

Jang Y, Townsend GT (2003) Effect of waste 
depth on leachate quality from laboratory 
construction and demolition debris landfills. 
Environmental Engineering Science, 20:183–
196.	dOI:10.1089/1092875033	21671393

Jha AK, Sharma C, Singh N, Ramesh R, 
Purvaja R, Gupta PK (2008) Greenhouse 
gas emissions from municipal solid waste 
management in Indian megacities: A case 
study of Chennai landfill sites. Chemosphere, 
71(4),	 pp.	 750-758.	 dOI:10.1016/j.
chemosphere.2007.10.024

Kurian J, Esakku S, Nagendran R and 
Vishwanathan C (2005) A decision making 
tool for dumpsite rehabilitation in developing 
countries, Tenth Intl. Waste Management 
and landfill Symposium, Italy.

Majumdar D, Srivastava A (2012) Volatile 
organic compound emissions from municipal 
solid waste disposal sites: A case study in 
Mumbai, India. Journal of the Air & Waste 
Management	Association,	62(4):398–407.	dO
I:10.1080/10473289.2012.655405

Ministry for the Environment (2004) Risk 
Screening System, Contaminated land 
Management Guidelines No. 3, Ministry for 
the Environment, New Zealand.

Nandan A, Yadav bP, baksi S, bose D (2017) 
Recent Scenario of Solid Waste Management 
in India, World Scientific News, volume 66, 
pp. 56-74

Naruka K (2012) Impact of Municipal Solid 
Waste on environment and human health. 
International Journal of biodiversity & 
Environment, volume 2(1): pp. 25-30

THEmE PaPEr



HUDCO-HSMI Publication30    

SURFACE WATER CONTAMINATION FROM 
MUNICIPAL SOLID WASTE (MSW) SITES IN 

INDIAN CITIES: DEVELOPMENT AND APPLICATION 
OF HAZARD RATING SYSTEM

Dr. Amit Kumar (amitrathi.ucf@gmail.
com) is Assistant Professor, Department 
of Civil Engineering, Dr. B R Ambedkar 
National Institute of Technology 
Jalandhar, & corresponding author.

Dr. Manoj Datta & Dr. Arvind K. Nema 
are Professors, Department of Civil 
Engineering, IIT Delhi.

Dr. R. K. Singh is Joint General Manager 
(Projects), HUDCO, New Delhi. 

Figure 1 Leachate collected adjacent to a 
MSW site in Delhi

 
Figure 2: Freshwater body near a MSW site 

in West Bengal

 

In Malaysia, among the three 
types of waste sites, namely 
active uncontrolled, active 
controlled and closed controlled, 
the impact of leachate from the 
uncontrolled landfill was the 
worst. Also the effect of leachate 
on the freshwater system 
was also observed from both 
controlled landfills (Yusof et al. 
2009). The leachate discharge 
from the uncontrolled was up to 
6 times as compared to that from 
the controlled sites. 

AMIT KUMAR, MANOJ 
DATTA, ARVIND K. 
NEMA, R. K. SINGH

The assessment of 
hazards from waste 
disposal site hazards 
has been a subject of 
extensive scientific study 
over the past quarter 
century. A number of 
models are available to 
analyze the innumerable 
factors that affect release 
of contaminants from 
waste fills into the 
environment.

This paper discusses an improved 
hazard rating system for assessmemt 
of surface water contumination 
hazard potential from municipal 
solid waste sites and its application 
to selected waste dumps in India. A 
improved system for surface water 
contamination hazard rating has 
been discussed after studying seven 
exsting systems.

SurfacE WaTEr 
cONTamINaTION 
frOm mSW SITES  
leachate emanating from 
municipal waste sites and 
contaminating nearby surface 
waters is a major problem. 
A number of studies have 
documented the surface water 
contamination from leachate 
of waste disposal sites (Gulhati 
and Datta 2005; Sharma et al. 
2008; Mangimbulude et al. 2009; 
Castañeda et al. 2012; Page, 
1981; Thomsen, Milosevic, and 
bjerg 2012; Ford et al. 2011; 
Fleming, barone, and Dewaele 
2010; Cameron 1978; Mukherjee 
et al. 2014). The uncontrolled 
migration of leachate from a 
waste site results in mixing with 
surface water and pollution of 
the same (Pastor and Hernández 
2012; Yusof et al. 2009). 

THEmE PaPEr

Keywords: Surface Water Contamination, 
Landfills, Hazard Rating.



October 2018 Volume 19 No. 2-SHELTER 31    

Mangimbulude et al. (2009) 
studied the SW contamination 
from an open dump site, 
Jatibarang located in Semarang, 
Central Java, Indonesia. The 
highest leachate flow rates 
were observed during the wet 
season, resulting in a high flux 
of pollutants.    

Another study in Philippines 
(Castañeda et al. 2012) studied 
the contamination of ground 
water and surface water in 
near vicinity of Montalban 
landfill, north of Metro Manila. 
The landfill is located in the 
Marikina Valley with sloping 
ground; the elevation varies 
from 50 m to 260 m above sea 
level. The concentrations of 
tritium and the leachate related 
ions in the affected surface water 
were significantly higher than 
the non-impacted water and 
correlated strongly with distance 
from the leachate source, 
following a negative exponential 
relationship, providing evidence 
of leachate transport along the 
affected surface water.

After establishing surface water 
contamination as a concern 
from MSW sites, it becomes 
important to qantify it which has 
been discussed in the following 
section.

HaZard 
aSSESSmENT frOm 
mSW SITES  
The assessment of hazards from 
waste disposal site hazards 
has been a subject of extensive 

scientific study over the past 
quarter century. A number of 
models and methodologies 
are available to analyze the 
innumerable factors that affect 
release of contaminants from 
waste fills into the environment. 
The source-term for freight 
and transport can be defined 
using hazard assessment in 
absence of sampling data. The 
defined source-term then can 
be translated into receptor risk 
using risk quantification models. 
The approaches for hazard 
Assessment fall generally 
into one of three categories: 
deterministic water balance 
analyses, stochastic simulation 
models, or relative hazard 
methodologies. 

Each one of the different 
approaches is associated 
with its own advantages 
and disadvantages. Though 
deterministic water balance 
and stochastic simulation 
models determine hazard 
more accurately, they need 
large amounts of data, involve 
complex analytical procedures, 
and	 are	 time-consuming.	 On	
the other hand, relative hazard 
assessment methodologies, 
often referred to as hazard 
rating systems, though simpler 
and quicker to use, suffer from 
subjectivity. Such systems 
evaluate waste sites relative to 
a hypothetical base site, thus 
the hazard values indicated by 
them are relative. However, for 
the purpose of prioritization or 
ranking of waste disposal sites 

for remedial action, hazard rating 
systems are considered more 
suitable owing to their simpler 
and quicker methodology.

The limited availability of 
resources and data can often rule 
out the application of rigorous 
scientific estimates and models 
at the stage when environmental 
decisions, such as site 
assessment and priority setting, 
must be made. For these cases, 
more quicker but qualitative 
or heuristic approaches and 
systems have been developed 
to act as surrogates for formal 
scientific risk assessment. These 
systems often referred to as 
hazard rating /ranking systems, 
evaluate waste disposal sites 
according to the relative hazards 
posed by them to human health 
and environment. Hazard 
rating systems are often based 
on structured-value approach 
((National Research Council 
1994)).

A structured-value approach 
incorporates in a mathematical 
framework the major input 
factors that determine impacts 
and risk, but it does so in a 
heuristic manner. Field data and 
qualitative judgment are used 
to assign scores for different 
levels of the input factors, and 
these scores are combined 
mathematically to obtain an 
overall score for a particular 
potential impact. In the 
situations when priority setting 
is lone objective, and the formal 
risk analysis may prove time 
consuming and cost-intensive, 
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the structured-value scoring 
methods are more suitable.

The structured-value scoring 
systems while ranking waste 
disposal sites follow two 
approaches: index function or 
vectorial approach. In index 
function approach, the site 
parameters describing different 
environmental settings of a 
waste disposal site are combined 
into a site hazard score, whereas 
in vectorial approach the 
parameters are kept separated 
throughout the process, and a 
rank is made when possible. The 
vectorial approach recognizes 
that not all sites can be directly 
compared with all other sites 
in terms of environmental 
hazard, and that when many 
criteria are used, contradictions 
in ranking of sites are bound 
to exist (Halfon 1989). In this 
approach since all sites are 
not necessarily comparable, 
the ranking becomes partial, 
therefore, this method is known 
as partial ordering method 
(Jensen, lerche, and Sørensen 
2003). Since, the index-function 
approach systems are more 
useful in ranking a site, only the 
site hazard rating systems that 
are based on the index function 
approach are reviewed here.

This chapter discusses an 
improved hazard rating system 
for assessment of surface water 
contamination hazard potential 
from municipal solid waste sites 
and its application to selected 
waste dumps in India. 

HaZard raTING 
SYSTEmS
A number of hazard rating 
systems exist in literature for 
ranking of hazardous and/or 
municipal waste sites (Datta 
and Kumar 2015). Seven existing 
rating systems were selected for 
further analysis. The selected 
rating systems are: Hazard 
Rating system (HRS-1990) 
(USEPA 1990), Environmental 
repair program hazard ranking 
system (ERPHRS) (Department 
of Natural Resources 2001), Risk 
Screening System (RSS) (Ministry 
for the Environment (NZ) 2004), 
JENV (Joseph et al. 2005), NPC 
(National Productivity Council 
2003), NCS (CCME 2008) and 
WARM (Science Applications 
International Corporation 1990). 
As these systems cover the 
entire range of existing rating 
systems in terms of system 
parameters, scoring algorithms 
and applicability to MSW sites, 
their analysis will lead to all-
inclusive inferences about 
rating systems. All the seven 
selected systems except JENV, 
NCS and NPC have separate 
surface water contamination 
rating component. So the score 

for the surface water route 
has only been calculated for 
these systems. HRS-1990 takes 
into consideration a particular 
chemical compound for the 
calculation of toxicity, persistence 
and bioaccumulation properties. 
Thus Chloride has been used as 
the compound of concern for 
HRS-1990 as it has been found 
to be most conservative chemical 
for MSW leachate. For JENV, 
NCS and NPC systems, the score 
has been estimated for surface 
water route considering only the 
parameters relevant to surface 
water contamination.

The selected existing rating 
systems were applied to sites 
with continuously varying 
characteristics. The site 
characteristics for the MSW 
sites have been given in Table 
1. Sites from HSW-1 to HSW-
6 have continuously varying 
characteristics making these 
sites increasingly potentially 
hazardous in terms of surface 
water contamination. Site HSW-
1 represents best conditions 
(lowest hazard) e.g., small size, 
low precipitation, insignificant 
receptors etc. and site HSW-6 
represents the worst conditions.

Table 1 Site Characteristics of hypothetical waste sites with continuously varying 
characteristics (Kumar et al. 2016)

Site HSW-1 HSW-2 HSW-3 HSW-4 HSW-5 HSW-6
Landfill area (ha) 5 10 15 20 25 30
Landfill height above 
ground (m)

5 10 15 15 20 20

Biodegradable 
fraction (%)

40 50 60 65 70 75

Hazardous Waste (%) 1 1 5 5 5 5
C&D Waste (%) 20 20 10 10 0 0
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Annual rain (mm) 500 750 1000 1000 1250 1500
Cover Type None None None None None None
Facility Base slope (%) 1 2 4 6 8 8
Soil Permeability at 
the base (m/sec)

1.00E-
05

1.00E-
07

1.00E-
07

1.00E-
08

1.00E-
08

1.00E-
09

Intervening ground 
slope to nearest SW 
body (%)

1 2 4 6 8 8

Distance to SW body 
(m)

3000 2000 1500 1000 750 500

Water body type river river river river river Lake
Drinking No No No No Yes Yes
Other uses ir ir, iND ir, iND LiV, ir, 

iND, 
SENV

LiV, ir, 
iND, 
SENV

LiV, ir, 
iND, 
SENV

IR – Irrigation; IND – Industrial; LIV – Livestock; SENV – Sensitive Environment; 
Source: Kumar et al 2016.

Rating systems have different range of scores obtained from them e.g. 
range of scores obtained from HRS-1990 for a particular pathway is 
between 0-100, for RSS, the range is between 0 and 1. After obtaining 
the scores for a particular rating system, scores were normalized to 
the scale of 0-1000 for the purpose of comparison. So the obtained 
ratings are normalized to 0-1000 scale and shown in Table 2.

Table 2 SW Contamination Potential Ratings (normalized to 0-1000 scale) from Selected 
Existing Rating Systems  

Site Number HSW-1 HSW-2 HSW-3 HSW-4 HSW-5 HSW-6
rss 34 84 252 360 360 360
Hrs-1990 1 1 1 29 362 362
ErP-Hrs 9.2 18.5 24.6 251.3 251.3 251.3
JENV 410 469 507 590 617 672
NCS 494 505 539 691 691 691
WArM 56 69 113 402 408 415
NPC 518 559 576 714 787 809

It is very clear from the table that the ratings calculated from the 
selected rating systems do not cover the entire range of 0-1000 in 
all the cases. For RSS, HRS-1990, ERPHRS and WARM scores are 
confined to the lower ranges between 1 and 415. Amongst these 
systems HRS-1990 has the widest range of 1-362 and the scores from 
ERPHRS are confined between 9 and 251 only. For NCS, JENV and 
NPC, scores are confined to the middle ranges of 410 to 809. 

Five rating systems namely RSS, HRS-1990, WARM, ERP-HRS and 
NCS have their origin in developed countries and are mainly geared 

towards hazardous waste sites. 
On	 the	 other	 hand,	 from	 the	
developing countries, there 
are two rating systems JENV 
and NPC have been concocted 
in developing countries i.e. 
Thailand and India and are 
targeted to assess hazard from 
waste dumps. 

The toxicity of a particular 
contaminant is important in case 
of four rating systems (i.e. HRS-
1990, ERP-HRS, RSS and WARM) 
to determine site rating. It results 
into higher hazard rating for 
hazardous waste sites than non-
hazardous waste or municipal 
solid waste. Moreover, HRS-
1990 gives excessive importance 
to receptors and uses ordinal 
ranking system. Furthermore, 
some systems e.g. ERPHRS 
assigns higher rating to liquid 
and gaseous waste. Also, the 
range of waste quantities 
considered in some systems e.g. 
WARM and RSS is not suitable 
for municipal waste disposal 
sites.     

NCS, JENV and NPC employ 
additive algorithm and thus 
provide scores in the middle 
range of 400-800 with the highest 
range of 518-809 from NPC. 
While JENV and NPC have been 
developed in Asia, NCS has 
been developed in Canada and 
mainly serves to assess hazard 
from contaminated sites. NPC 
considers only site area in its 
calculations and not the total 
waste quantity. Also various 
uses on the receptors’ end are 
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not considered by NPC. JENV 
considers a number of important 
parameters but does not always 
use proper ranges. Sensitivity 
of the JENV system may also 
be on the lower side because 
of additive algorithm being 
employed in it. Also most of the 
systems do not consider waste 
composition except JENV and 
NPC.          

The range of the scores from 
existing system can also be 
compared with each other in 
terms of clustering index (Kumar 
et al. 2016) (Table 3).

Table 3 Clustering indices for hazard 
ratings from existing systems

Existing System Clustering Index
rss 0.67
Hrs-1990 0.77
ErP-Hrs 0.78
JENV 0.74
NCS 0.80
WArM 0.73
NPC 0.71

NEEd fOr a NEW 
SYSTEm
The existing rating systems can 
be used to determine the hazard 
ratings of MSW. However, 
these existing systems produce 
clustered scores for sites 
with wide differences in site 
characteristics and hence these 
systems are unable to categorize 
the MSW sites. Also use of 
complex parameters, which are 
difficult to be determined in the 
field, makes it cumbersome to 
use these systems. Moreover, the 

existing systems do not consider 
all the important parameters. 
Thus, to assess the surface water 
contamination hazard rating 
of MSW sites, a new system is 
required.   

dEvELOPmENT Of a 
NEW SYSTEm
This section describes the 
methodology, framework and 
development of the new rating 
system. 

methodology for system 
development

The methodology for system 
development is based on 
literature review and expert 
opinions. The methodology for 
development of rating system 
consisted of mainly five steps: 
(i) Identification of system 
parameters (ii) Assigning best 
and worst values to various 
parameters (iii) Transforming 
parameter values to numerical 
scores (iv) Assigning relative 
importance weights to group 
parameters (v) Multi-level 
aggregation of parameter scores 
(Singh 2008). 

framework for the new system

The improved system being 
presented is based on source-
pathway-receptor concept. In the 
instant study, Source refers to a 
dumpsite and is characterized 
by a number of parameters 
dealing with leachate quality 
and quantity. Pathway refers 
to the course leachate takes 
while migrating from source 

to receptor, and is described 
by various characteristics that 
govern the leachate transport. 
Receptors are defined as 
living beings and surrounding 
environment being affected by 
the impact from the hazard.

In the proposed system, waste 
site hazard rating is given by 
(USEPA, 1982):

HR∝Hs,sw×Hp,sw×Hr,sw

Where, Hs,sw is source hazard 
rating, Hp,sw is pathway hazard 
rating, and Hr,sw is receptor 
hazard rating.

System development

For the rating system, source is 
assumed to be a function of the 
parameters affecting leachate 
generation e.g. waste area, 
waste composition and annual 
rainfall. The pathway consists 
of the parameters for leachate 
movement on the site and on 
the intervening ground between 
site and the receptor. The SW 
body and SW users present in 
vicinity of the site are considered 
as receptors. Table 4 describes 
the rating system and formulae 
involved in the rating system.

The type of surface water 
being impacted may vary from 
a freshwater lake to a creek 
carrying salt water. The receptors 
constitute mainly the human 
beings (main / supplementary 
source for drinking water), 
sensitive environment, livestock 
and crops.  
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The overall hazard rating of 
waste disposal site is obtained 
by the following relationship: 

where Hs,sw, Hp,sw and 
HR,sw are the source hazard 
rating, pathway hazard rating 
and receptor hazard rating, 
respectively; and SF is a scaling 
factor. The scaling factor is equal 
to the product of the source, 
pathway, and receptor hazard 
ratings of a waste site having 
all its parameters at the worst 
values. The maximum hazard 

rating of a site is restricted to 
1000. The best and worst values 
of all the parameters have been 
given in Table 5.

comparison with existing 
systems

After developing the new 
system, it was applied to the 
six hypothetical sites HSW-1 to 
HSW-6. The scores obtained from 
the new system were compared 
with other existing systems. 
besides, the sensitivity analysis 
of all the systems (new and 
existing) was carried out with 
respect to all the parameters. 

Table 5 Best and worst values of site 
parameters for the new surface water 
contamination hazard rating system* 

(Kumar et al. 2016)

S. 
No.

Site 
parameter

Best 
value

Worst 
value

1 Waste fill area 
(ha)

≤5 ≥25

2 Waste fill 
height / depth 
(m)

≤5 ≥15

4 Annual 
precipitation 
at site (mm)

≤100 ≥1000

5 Waste 
composition 
i) Biodegradable 
waste (%)

≤40 ≥75

 Formulae 

Source 

 
, =  ×  ×   

 = 3  

 = 25 + 5 + 5   =  ×  

Pathway , =  ×   = 0.4 + 0.6( + )  = ..
..  and  =  ()()() () 

 =  +   +  ∗  −  −  

                                                                              Where y2 = 1-y1 and,  

 = 0.4distancewithin2000mto3000m0.6distancewithin1000mto2000m0.8distancewithin300mto1000m  

 = . − .. − . 

Receptor
@

 , =   +  

 

 

Table 4 Formulation of new surface water rating system (Kumar et al. 2016)

Wqi = waste quantity indicator; Wci = waste composition indicator; Ipi = infiltrating precipitation indicator; Wq = waste quantity 
(tons); H = hazardous fraction (%); b = biodegradable fraction (%); C = Construction and Demolition fraction (%),Ps = precipitation 
score; is = infiltration score; 

FFi = Facility flow indicator;  FbSi = facility base slope indicator; k – soil permeability; bS – base slope (%); wFbS and wk are the 
relative importance weights. 

OFi	=	Overland	flow	indicator;		IGSi	=	Intervening	ground	slope	indicator;	GS	–	intervening	ground	slope	(%);	dSW	–	distance	to	
surface water body; wIGS and wDSW are the relative importance weights. Subscripts b, w and f represent best, worst and field 
values; Gui,j = indicator for jth groundwater user category; 

Where, WbTi = indicator for type of surface water body (flowing or stagnant, fresh or salt water), Sui = highest indicator amongst 
the surface water user categories.
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ii) Hazardous 
Waste

0 ≥5

iii)     
Construction 
& Demolition 
waste (%)

≤60 0

iv)     Other 
waste (%)

0 ≤20

8 Facility Base 
Slope

≤1 ≥8

9 Soil 
Permeability 
at the base 
(m/sec)

≥10-5 ≤10-9

10 Intervening 
ground slope 
to surface 
water body

≤1 ≥8

11 Distance 
to nearest 
surface water 
body (m)

≥3000 ≤300

*If surface water exists upstream or 
more than 3km apart then surface water 
rating should be calculated assuming 
SW body as a flowing water body 
located at the maximum distance i.e. 
3000m.

application of new system to 
hypothetical mSW sites 

The new system was applied to 
the MSW sites with continuously 
varying characteristics from 
Table 1. The scores from the 
new system are 13, 80, 278, 543, 
834, and 990 respectively for 
sites from HSW–1 to HSW–6. 
Fig. 3 displays the ranges of the 
scores as obtained from existing 
systems and the new system. 
The scores given by the new 
system are in the range of 13-
990 which is practically the full 
range of the Rating System. Also 
the clustering indices from the 
existing systems vary from 0.67 

to 0.80, whereas the clustering 
index for the new system is 0.18.  

Sensitivity analysis

The purpose of the sensitivity 
analysis is to assess the degree of 
sensitivity of the rating system 
to the changes in the value of a 
parameter. It indicates whether 
the system is sensitive to all the 
parameters being employed in 
a system. To perform sensitivity 
analysis, a site having values 
of all the parameters at their 
mid-value was assumed as the 
base case except biodegradable 
fraction, soil permeability and 
receptors. For the base case, 
biodegradable fraction and 
hazardous waste were assumed 
to be 50% and 5% respectively, 
and geometric mean of the 
soil permeability (best and 
worst) values was used. For the 
receptors, base case was assumed 
as surface water from lake being 
used for irrigation. The process 
of sensitivity analysis consists 

of varying the values for all the 
parameters from their best to 
worst values and recording the 
respective changes in surface 
water contamination rating from 
the base case. 

So the new and existing systems 
exhibit different kinds of 
sensitivity to various parameters. 
To get a broad picture of the 
sensitivity analysis, the results 
of the analysis have been 
summarized in Table 6. The 
rating change is considered 
significant in case of change of 
more than 20%.  A rating change 
of 10-20% is taken as medium, 
whereas changes of less than 
10% is denoted as low. because 
the new system considers all the 
relevant parameters, it shows 
significant sensitivity for eight 
out of total nine parameters. 
For the existing systems, the 
significant sensitivity was only 
reflected in case of four or less 
parameters. 
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Table 6 Summary of the sensitivity analysis of surface water contamination rating systems

Rating System Total 
significant 
changes

Total medium 
changes

Total low 
changes

Total nil 
changes

Total Cases Significant 
cases (%)

(S) (M) (L) (N)
New System 8 1 0 0 9 89
ErPHrs 4 1 0 4 9 44
Hrs-1990 2 0 1 6 9 22
JENV 0 1 4 4 9 0
rss 2 0 0 7 9 22
NCS-2008 0 0 5 4 9 0
WArM 2 1 2 4 9 22
NPC 0 0 3 6 9 0

municipal corporations were 
contacted to collect the data. 
The new system was applied 
to seven MSW dumps selected 

from Indian cities (Table 7). The 
ratings obtained for these sites 
have been plotted in Figure 4. 

caSE STudIES
To apply the improved rating 
system to waste dumps from 
Indian cities, the offices of 

Table 7 Site characteristics for waste dumps from Indian cities (Kumar et al. 2016; Datta and Kumar 2016) #, $ 

Site D-1 D-2 D-3 D-4 D-5 D-6 D-7

City Indore Ahemdabad Chennai Kolkata Mumbai Delhi Delhi

Landfill area (ha) 8 28 81 21.4 120 16.2 29.8

Landfill height above 
ground (m)

16 24 8 24 15 32 32

Biodegradable fraction (%) 43 43 41 51 43 61 61

Annual rain (mm) 950 803 1200 1650 2400 721 721

Cover Type None None None None None None None

Facility Base slope (%) 1 5 1 5 4 2 1

Soil Permeability at the 
base (m/sec)

1×10-9 1×10-7 8×10-9 1×10-9 1×10-9 1×10-6 1×10-6

Intervening ground slope 
to nearest SW body (%)

1 5 1 5 4 2 1

Distance to SW body (m) 2000 1500 3000 500 500 3000 3000

Water body type river river river Fresh 
water lake

Creek river river

Drinking No No No No No Yes Yes

Other uses Irrigation Irrigation Irrigation Sensitive Environment Fisheries Irrigation
#Hazardous fraction was assumed as 5% for the waste dumps.

$C&D waste fraction was taken as 20% for D-1, D-2, D-3, D-5; 30% for D-4; 16% for D-6 and D-7. 
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The ratings obtained from the 
new system are 122, 225, 158, 761, 
474, 194 and 180 respectively for 
sites D-1 to D-7. For Surface water 
contamination, Dump 4 has the 
highest score of 761, which is 
significantly larger than the next 
high score of 474 for Dump 5 in 
Mumbai. This is so because of 
the large quantity of waste at 
the Dump 4, close proximity to 
fresh water wetlands, presence 
of impermeable soil (clay) at 
the base, high slope of ground 
surface towards the wetlands 
and high rainfall in the area. 
Dump in Mumbai has the Thane 
creek just adjacent to it. The 
close proximity to the creek 
would have resulted in a much 
higher score due to large size of 
the site and high rainfall in the 
area, however Thane creek is 
a salt water body and the only 
associated use is for fisheries.

Figure 4: Surface water Contamination 
Hazard Ratings for waste dumps from the 

new system

The site with next higher score 
is Dump 2 in Ahmadabad. It is 
situated about 1.5 kms away 
from the Sabarmati River with 
associated use of irrigation. 

Other	 sites	 like	 dump	 6	 and	

Dump 7 in Delhi are large sites 
and have the high quantity 
of waste deposited on-site. 
However, these sites are 
located more than 3 km away 
from surface water body and 
therefore have scores below 200. 
Dump 1 in Indore also has the 
score below 200 because of their 
smaller size.  

Policy Implications

India has more than 7,000 towns 
and cities with population above 
5,000. Majority of municipal 
waste continues to be disposed 
on land in Indian cities (Planning 
Commission 2014). Most of 
the waste disposal facilities are 
un-lined and pose hazards to 
the human beings as well as to 
the surrounding environment. 
Remediation/closure of these 
dumps is inevitable in order 
to avoid further damage to the 
ecosystems. Initiatives have 
begun at the national level to 
identify the candidate sites for 
remediation/ closure. However, 
due to paucity of resources it is 
necessary to have a methodology 
for prioritizing the sites based on 
their potential hazards. 

As leachate is a major hazard from 
a municipal waste site, it is very 
important to take into account 
the hazards posed by leachate to 
the surrounding environment. 
The study attempts to fill a gap 
in the existing knowledge by 
providing an improved rating 
systems for assessment of surface 
water contamination hazard.

The improved system can be 
made use of while prioritizing 
the waste sites for remediation. 
The rating system can also assist 
in allocating the resources to 
various waste dumps under 
consideration. Although the 
rating system cannot be used for 
risk assessment, it may be useful 
for preliminary screening when 
a large number of sites are under 
consideration.  

cONcLuSIONS
In this study, a new rating 
system for assessment of surface 
water contamination hazard 
from waste sites has been 
discussed. The following can be 
summarized from the article: 

•	 Improved	 system	 for	 surface	
water contamination hazard 
rating has been discussed 
after studying seven existing 
systems. Improvements have 
been made in considering 
the effects of site topography 
distance to surface water 
body, soil permeability and 
annual rainfall.

•	 When	 applied	 to	 the	 waste	
sites with continuously 
varying characteristics, the 
new system gave scores in 
the widest range i.e. 13-990. 
The scores for the existing 
systems were confined to the 
lower values (between 1 and 
415) for HRS-1990, WARM, 
ERPHRS and RSS. For other 
existing systems i.e. NPC, 
JENV and NCS, scores were 
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confined between 410 and 
810.   

•	 The	 clustering	 indices	 for	
existing systems ranged from 
0.67 to 0.80, which improved 
to 0.18 for the new system. 

•	 The	 new	 system	 displays	
significant sensitivity for 
eight parameters out of 
the total nine parameters. 
In contrast, significant 
sensitivity was observed only 
in maximum four parameters 
for existing systems i.e. in 
case of ERPHRS only. In other 
cases, sensitivity was lower. 

•	 When	applied	to	seven	waste	
dumps from Indian cities, 
it categorized these into the 
various hazard categories. 
While one site is in severe 
hazard category, one site is in 
significant hazard category. 
The other sites are in nominal 
hazard category.  

•	 The	 new	 system	 is	
significantly better than the 
existing systems on account 
of high sensitivity and low 
clustering index.
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Solid waste management in Indian cities 
is a serious and challenging problem. 
To tackle it, Indian Government has 
enacted laws to regulate different 
waste generated in the last few decades. 
There have been many role players 
who have contributed in formulating 
the Solid Waste Management Rules 
in India. Central government, state 
government, environmental activists, 
expert agencies, judiciary all have 
played critical roles in formulation 
and implementation of SWM in India. 
However, as pollution free-environment 
and proper sanitary conditions in 
cities and towns are considered to be 
integral parts of right to life, Indian 
courts have been very active about 
the same. A Public Interest Litigation 
filed by an environmental activist 
Almitra Patel regarding municipal 
solid waste became the basis for framing 
of MSW Rules 2000. Court through 
various judgements has issued suitable 
directions consistent with the intent of 
the Solid Waste Rules and addressed 
implementation issues that have arisen. 
It needs to be highlighted that in 
addition to performing interpretative 
role, Courts in India have performed 
formative and educative role in the 
domain of solid waste management.   
A perusal of the decisions of various 
Courts, highlights the proactive and 
significant role played by the judiciary 
in making the waste management 
system more robust and efficient in 
India.

INTrOducTION
In India, solid waste 
management laws have seen 
much development in the last 
three decades. The Hazardous 
Waste Management Rules, 1989 
and bio Medical Waste Rules 
1998, were the first rules for 
waste management. Specific 
rules regarding roles and 
responsibilities of municipal 
waste were not framed until 
2000. As no rules existed for 
solid waste management, with 
the increasing urbanisation 
and waste generation, most of 
the Indian cities suffered from 
garbage piles that were health 
threats. 

In India, the first Municipal 
Solid Waste Management Rules 
came into force in 2000. The 
rules related to municipal, 
plastic and bio-medical are 
applied at the State level and it 
is the responsibility of Urban 
local bodies (Ulb’s) to collect, 
segregate, store, transport, 
process and dispose solid waste. 
The municipalities were required 
to implement the Rules by 
December 2003, with punishment 
for municipal authorities that 
failed to meet the standards 
prescribed; nevertheless, most 
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municipalities did not meet the 
deadline. 

THE rOLE PLaYErS 
IN SOLId WaSTE 
maNaGEmENT IN 
INdIa
Numerous role players 
contribute in this sector and 
influence the provision and 
implementation of waste 
management. The Ministry 
of Environment, Forest and 
Climate Change (MoEFCC) is 
the nodal agency responsible for 
implementing and streamlining 
the system of municipal solid 
waste management in India. 
The Central Government has 
sponsored programs to help 
states and local governments 
safely and responsibly manage 
solid waste. At the Central 
level, the Ministry of Housing 
and Urban Affairs is the nodal 
Ministry to deal with the matters 
relating to municipal solid 
waste. The Central Public Health 
and Environmental Engineering 
Organisation	 (cPHEEO),	 the	
technical wing of Ministry of 
Housing and Urban Affairs 
has classified solid waste in 
fourteen categories based on 
source, origin and type of waste. 
These include domestic waste, 
municipal waste, commercial 
waste, institutional waste, 
garbage, rubbish, ashes, bulky 
waste, street sweepings, dead 
animals, construction and 
demolition waste, industrial 
waste, hazardous waste and 
sewage	waste	(cPHEEO,	2000).

As solid waste management 
is part of public health and 
sanitation and according to 
the Indian constitution, it falls 
under state list, the urban 
development departments of 
the respective state governments 
are responsible for enforcing 
the provisions of the rules 
in metropolitan cities. The 
Ministry of law has also been 
assigned the task of preparing 
legal framework in connection 
with state governments and 
effective implementation of 
policies. The Central Pollution 
Control board (CPCb) and its 
officers have a basic duty under 
the Environment (Protection) 
Act, 1986 to stop unauthorised 
movement and/or disposal of the 
waste. They are also empowered 
to take action against erring 
industries and persons. The 
CPCb is also responsible for 
coordinating the implementation 
of the rules among the state 
boards. State Pollution Control 
board Municipal authorities 
have to obtain authorisation 
from concerned SPCb to set 
up waste disposal processing 
and disposal facilities. SPCb 
must also monitor compliance 
with compost quality standards 
and incineration standards as 
specified in the rules. 

Urban local bodies (Ulbs) 
have been entrusted with the 
responsibility of managing 
solid waste in their cities as 
per Municipal Solid Waste 
Management Rules, 2000.  
Management and handling 

means proper collection, 
segregation, storage, 
transportation, processing and 
disposal of municipal solid 
waste. As a result, the entire 
responsibility of implementation 
as well as development of 
required infrastructure lies with 
municipal authorities. They are 
required to obtain authorization 
from the State Pollution Control 
boards/committees for setting 
up waste processing and 
disposal facilities and furnish 
annual report of compliance. 

In addition to above, there are 
private waste management 
companies and the informal 
waste sector including waste 
pickers, who sort and pick out 
recyclables at various dumpsites.  

LEGISLaTIvE 
framEWOrK fOr 
WaSTE maNaGEmENT
The Central Government has 
enacted laws to regulate many 
kinds of waste generated in 
the country. The wide range 
of wastes include household/
municipal waste, bio- medical 
waste, e-waste, waste electronic & 
electrical equipment, waste from 
construction and demolition 
activities, waste from end of 
life cars, mining waste, waste 
from power plants, hazardous 
waste, waste from agriculture/
forestry etc. The Environment 
Protection Act (EPA), 1986 is the 
umbrella Act under which the 
Ministry of Environment and 
Forests has enacted Rules that 
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would govern the management 
of waste in India. The most 
significant piece of legislation 
is the Municipal Solid Waste 
(Management & Handling) 
Rules, 2000. In addition to main 
rule about sixteen rules have 
been passes or revised dealing 
with management and handling 
of different wastes such as Plastic 
Waste Rules 2011, batteries Rule 
2011, E-Waste Rules 2011. 

Criminal Laws and the Waste 
Management

There are two major criminal 
laws dealing with solid waste 
management—(a) The Indian 
Penal Code, 1860; and (b) The 
Criminal Procedure Code, 
1973. The Indian Penal Code of 
1860 has dealt with solid waste 
management	under	chapter	XIV	
‘of offences affecting the public 
health, safety, convenience, 
decency and morals’. Since, solid 
waste gives rise to various type 
of diseases and can endanger 
public health, it has been treated 
as ‘public nuisance’ and has been 
made punishable. However, 
there is no direct section in the 
Code which deals with the 
problem of solid waste. Section 
133 of the Criminal Procedure 
Code, 1973 deals with ‘removal 
of nuisance’ and empowers the 
Sub-Divisional Magistrate or 
any executive Magistrate, on 
receiving report/information, to 
order the removal of the public 
nuisance and desist from carrying 
any trade, business which is 
causing public nuisance. The 

Courts have made use of Section 
133 of the Code extensively to 
deal with the problem of solid 
waste management.

INdIaN JudIcIarY 
aNd WaSTE 
maNaGEmENT
Indian Judiciary, especially, 
Supreme Court of India had 
consolidated the environment 
Jurisprudence on case to case 
basis and developed some 
outstanding principles to 
be followed by lower courts 
while dealing environment 
cases. The failure of the state 
agencies to effectively enforce 
the environmental laws, 
apart from non-compliance 
with statutory norms by the 
polluters, has resulted into 
further degradation of the 
environment, which has affected 
the health of the people (legal 
Desire ,2017). For the various 
court judgements, the Indian 
judiciary has adopted the public 
trust doctrine, precautionary 
principle, polluter pay principle, 
principle of doctrine of strict and 
absolute liability and model of 
sustainable development.

The judiciary, in addition to 
other technical institutions, has 
contributed immensely to the 
formulation of MSW Rules.  The 
development of the laws in this 
area has seen a considerable 
share of initiative by the Indian 
judiciary, particularly the higher 
judiciary, consisting of the 
Supreme Court of India, and the 

High Courts of the States (Singh, 
2016).

Realising the adverse impact 
of waste on human health, the 
court has entertained petitions 
under Article 32 and 226 of 
the Indian Constitution. The 
Supreme Court and the high 
courts have, in several cases, 
held that maintenance of health 
and preservation of sanitation 
falls within the purview of 
Article 21 of the Constitution 
as it adversely impacts health 
and life of citizens, in the event 
of default. It has, therefore, 
mandated municipal authorities 
to remove rubbish, filth, night 
soil or any noxious or offensive 
matter and to ensure their proper 
and scientific disposal (Madhav, 
2010). 

In Virendar Gaur v. State of 
Haryana and in many other 
cases, the Supreme Court has 
time and again declared that 
right to life under Article 21 
encompasses right to live with 
human dignity, quality of life, 
and decent environment. Thus, 
pollution-free environment 
along with proper sanitary 
conditions in cities and towns, 
without which life cannot be 
enjoyed, is an integral facet of 
right to life.

Under the Indian constitution, 
the Supreme Court’s directives 
are to be treated as law until 
the government enacts suitable 
legislation or changes existing 
regulations. The Court has also 
pointed out that Article 47 of 
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the Indian Constitute makes it 
imperative that ‘steps are taken 
for the improvement of public 
health as amongst the primary 
duties of the municipalities’ 
(Mane, 2015).

Landmark case # regarding 
allocation of responsibility

In b. l Wadhera v Union of India, 
a writ petition was filed under 
Article 32 seeking directions to 
the Municipal Corporation of 
Delhi(MCD) and the New Delhi 
Municipal Corporation(NDMC) 
to perform their statutory 
duties, in the collection, removal 
and disposal of garbage and 
other wastes from the city. 
The Supreme Court made a 
historical pronouncement in 
this case regarding the statutory 
obligations of the municipal 
bodies to clean and scavenge 

the city. The direction issued in 
this case almost forms a code 
for the collection, transportation 
and disposal of the municipal 
solid waste.  The Court issued 
a couple of interim order, 
wherein directions were issued 
to the Delhi administration to 
perform their duties and to take 
measures regarding installing 
of incinerators, composting 
plants, identifying sanitary 
land fill, creating awareness 
among citizens, etc. This was 
the first case where the court 
dealt with the right to clean 
environment of the citizens and 
directed government to fulfil its 
obligatory duties to keep the city 
clean.

Landmark case # regarding 
ineffective solid waste 
management in Indian cities  

A public interest litigation (PIl) 
was filed by activist Almitra 
Patel against the Government of 
India, State Governments and 
municipal authorities in1996 
for their failure in managing 
Municipal Solid Waste (MSW) 
appropriately. before filing the 
application, Almitra Patel and 
Captain Velu (Co -petitioner) 
visited 63 municipalities in 
India to understand the nature 
of the problem.  The petition 
had 42 respondents and was 
submitted as a special Civil 
Application (Application No. 
888 of 1996) (The Hindu,2000). 
This PIl was instrumental in 
bringing the problem of solid 
waste management in public 
domain. The petitioner alleged 
that the practices adopted by 
municipalities for disposal of 
waste were deficient (Patel, 
n.d). During the pendency of 
the petition the Supreme Court 
passed various directions and 
orders requiring respondents 
to consider low cost sanitation 
options. Accordingly, the 
Supreme Court pointed out the 
necessity for formulating an 
action plan for management of 
Municipal Solid Wastes (MSW) 
in respect of metro cities and 
State capitals by the Ministry 
of Urban Development, Govt. 
of India in consultation with all 
concerned. Directions were also- 
issued to Central Govt., State 
Govt. and State Pollution Control 
boards and concerned Pollution 
Control Committees to examine 
various aspects submitted by the 

Figure 1 Some of the key judicial directions and observations on solid waste 
litigations are as under:

Source: Author
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petitioner in this regard.  

committee for Solid Waste 
management in class-1 cities 
in India # Barmon committee

In response to the above PIl, 
the Supreme Court also formed 
a Committee to review the 
condition of SWM practices in 
Class I cities in July, 1998.  The 
Committee was headed by Mr. 
Asim barmon who was the then 
Municipal Commissioner of 
Calcutta (Kolkatta) Municipal 
Corporation. In addition to 
other experts, Ms Almitra 
Patel who was instrumental 
in filing the PIl was also a 
member.  The Committee looked 
into various aspects of urban 
solid waste management and 
identified the deficiencies in the 
existing systems after extensive 
consultation with around 300 
municipal authorities, experts, 
practitioners and various 
stakeholders.

The Committee also suggested 
ways to improve conditions in 
formal and informal sector for 
promoting eco-friendly sorting, 
collection, transportation, 
disposal and utilization, etc. of 
municipal solid waste. The 100-
page report consisted of technical 
aspects of managing different 
types of waste, administrative 
requirements, capacity building, 
institutional management of 
information system, public 
awareness, and legal actions 
obligations to be taken by Central 
government, state authorities 
and Class I cities to address 

the problem of Municipal solid 
waste management effectively. 

The report of the Committee 
was circulated to all the states. 
Further, the report of barmon 
Committee became the basis 
of notifying the Municipal 
Solid Waste (Management and 
Handling) Rules, 2000.

Judicial intervention regarding 
Hazardous Waste

It was the court’s intervention 
that led to regulatory 
mechanisms and procedures for 
the import, transport, storage, 
recycling, and final disposal of 
hazardous waste (Sharma, 2005). 
The Supreme Court’s order of 
October	2003	and	final	judgment	
on the 1995 petition set a detailed 
timetable for such actions as 
amending various sets of rules; 
reviewing lists of hazardous 
waste; setting up testing 
laboratories at ports to verify the 
content of declared hazardous 
waste; construction of secured 
landfills and treatment, storage, 
and disposal facilities (TSDFs); 
closure of industries violating 
rules; and disclosure of such 
information to communities. 
Consequently, as a result of the 
court’s intervention and the 
Committee’s recommendations, 
the MoEF (Now MoEFCC) 
amended the Hazardous Rules, 
1989 in 2000 and 2003 to make 
them more stringent. A new list 
of 29 categories of hazardous 
waste completely banned for 
import and export has been 
added. The roles of different 

agencies have been clearly 
demarcated. New sets of rules 
for recycling and handling of 
used lead-acid batteries and 
plastic waste have also been 
codified (Sharma, 2005).

courts intervention regarding 
financial constraints for waste 
disposal

Compliance with the MSW Rules, 
2000 required that appropriate 
systems and infrastructure 
facilities be put in place to 
undertake scientific collection, 
management, processing and 
disposal of municipal waste. 
However, most Ulbs in India 
were and are finding it difficult 
to comply with these rules, 
implement and sustain door-to-
door collection, management, 
processing and disposal of MSW 
due to financial constraints.

The Supreme Court of India in 
the case of Municipal Council, 
Ratlam vs. Vardhichand, AIR 
1980 SC 1622 had held that it is 
not open for the municipalities 
to plead a lack of funds for not 
implementing sanitation. The 
court observed, a responsible 
Municipal Council constituted 
for precise purpose of preserving 
public health and providing 
better facilities cannot run 
away from its principal duty 
by pleading financial inability. 
Court expressed confidence that 
the State Government would 
make available, by way of loans 
or grants, sufficient financial aid 
to the Ratlam Municipality to 
enable it to fulfil its obligations 
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under this order. 

court’s intervention regarding 
feasibility of Waste to Energy 
Technology

Waste-to-Energy (WTE) 
development in India is 
based on a build, operate and 
transfer model. Experience 
from developed countries 
experience show that increased 
waste-to-energy can reduce 
disposal to land and generate 
clean, reliable energy from a 
renewable fuel source. However, 
the track record of waste-to-
energy in India, highlights 
some of the difficulties. The 
vast majority of facilities have 
not worked effectively due to 
various operational and design 
problems.  A pilot project of 
Ministry of Non-Conventional 
Energy Sources for generating 
energy from waste was approved 
by Supreme Court.  Almitra Patel 
filed an application with court 
(later which got transferred to 
National Green Tribunal(NGT)) 
regarding the feasibility of 
waste to energy plants in Indian 
conditions. In her petition to the 
Supreme Court, Almitra Patel 
demanded a stay on the subsidy 
to WTE plants.  As a result, on 
court’s order, an independent 
review committee was setup to 
verify viability of the projects 
for generation of energy from 
municipal waste in lucknow 
and Hyderabad.

Expert committee on Waste to 
Energy 

In 2005, the Supreme Court 

ordered the creation of an 
Expert Committee to study the 
performance of WTE plants. 
This 14-member committee 
was chaired by Dilip K biswas, 
former chairperson of the Central 
Pollution Control board.  The 
finding of committee was not 
very conclusive as the members 
differed in views. The Committee 
however, was of the opinion 
that the choice of technology 
for treatment of MSW should 
be made on the basis of quantity 
and quality of waste and local 
conditions. The Committee 
recommended that projects 
based on bio-methanation of 
MSW should be taken up only 
on segregated/uniform waste. 
based on the Expert Committee’s 
recommendations, the Supreme 
Court permitted the Ministry 
of New and Renewable Energy 
(MNRE) Govt. of India to go 
ahead with 5 pilot projects 
chosen by them.

court’s observations regarding 
Land fill sites

Another key operational 
challenge faced by Ulb’s is 
lack of availability of landfills 
that reduces the ability of the 
local body to effectively manage 
and dispose waste. The other 
issue is unsanitary land filling 
adversely impacts health and the 
environment. 

Reviewing the situation in Delhi, 
the court in Almitra Patel’s case 
noted that the MCD despite 
orders in Dr. b.l. Wadehra’s 
case had neither identified nor 

handed over sufficient number 
of	 sites	 for	 landfills.	One	of	 the	
reasons cited for the sites not 
being made available, was that 
land owning agencies like the 
DDA or the Government of 
National Capital Territory of 
Delhi were demanding market 
value of the land per acre before 
the land could be transferred 
to MCD. The Supreme Court 
held that “It is the duty of all 
concerned to see that landfill 
sites are provided in the interest 
of public health.”

In another landmark case of 
Sat Priya Mehamia Memorial 
Education Trust and another 
petitioner, v. State of Haryana 
and others, the petitioners 
had highlighted the problem 
arising out of waste dumping 
and need for its disposal by 
Rohtak Municipal Council. The 
petitioners contended landfill 
site had been used for over 25 
years and should, therefore, be 
closed. The High court observed 
that whether or not a site can 
be used any further, would 
depend upon the size of the site 
and the quantity of solid waste 
being dumped on the same and 
the methods for its eventual 
disposal whether by process of 
decomposition or otherwise. 

Increasingly, urban local bodies 
face resistance from locals 
for securing landfills sites. 
There have been many court 
cases regarding the same. The 
National Green Tribunal has 
also come out with directions 
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regarding land fill disputes and 
was instrumental in framing 
guideline and regulations in 
detail regarding buffer areas.

SOLId WaSTE 
(HaNdLING aNd 
maNaGEmENT) 
ruLES 2016
In the matter of Almitra Patel 
Vs Union of Union Application 
No. 199 of 2014, it was observed 
that the MSW Rules of 2000 in 
practice were found deficient in 
various	aspects.	One	of	the	main	
drawbacks of these Rules of 2000 
was that it did not provide for 
and deal with certain basics of 
waste management. These rules 
did not provide for effective 
implementation and fixation 
of responsibility in regard to 
management and disposal of 
waste. 

As a result, MoEFCC submitted 
before NGT that it is undertaking 
the exercise for enacting new set 
of rules. Recently, the Union 
Ministry of Environment and 
Forest and Climate Change 
(MoEFCC) has replaced 
Municipal Solid Waste Rules 2000 
with Solid Waste (Management 

and Handling) Rules 2016.  
The 2016 Rules supersede the 
Municipal Solid Waste Rules, 
2000 and expand the ambit of 
application to every urban local 
body, including outgrowths in 
urban agglomerations, census 
towns, areas under Railways 
and airports. SWMR requires 
segregation of waste into 6 
categories – biodegradable, 
non-biodegradable, domestic-
hazardous, sanitary, 
construction-demolition and 
horticulture. Recognising 
the role of informal sector 
in waste management the 
SWMR advocates setting up of 
material recovery facility   to 
enable recyclable materials to 
be sorted out. It also advocated 
resident welfare associations, 
commercial institutions 
to be involved in waste 
management thus promoting 
community participation and 
decentralisation. Already the 
National Green Tribunal has 
asked CPCb and MoEFCC to 
respond and clarify some aspects 
regarding use of PVC, buffer 
areas, RDF to Cement regarding 
the SWM 2016. 

court is still actively monitoring 
implementation of SWm rules 
2016  

The tool of a ‘continuing 
mandamus’ has been used 
by the court to monitor the 
implementation of orders by 
seeking frequent reports from 
Government agencies regarding 
the progress of implementation 
of	 SWMR,	 2016.	 On	 december	
12, 2017, the SC had written to all 
the states and union territories 
regarding SWM. The court had 
earlier expressed concern over 
the deaths due to vector-borne 
diseases such as dengue and 
chikungunya and said that lack 
of waste management was the 
cause of several lives being lost 
across the country. The Supreme 
Court, in its order on July 10, 2018 
expressed disappointment over 
the sorry state of affairs of solid 
waste management in majority 
of the states with no effective 
systems in place for processing 
and disposal (Sambyal,2018). 
Table 1 shows important 
milestones with respect to solid 
waste management in India. 

 Table 1 Timeline of key milestones w.r.t to Solid Waste Management

1996 A writ petition by B. L Wadhera under Article 32 of Indian Constitution.

1996 Public Interest Litigation by Almitra Patel

1999 The supreme Court set up an Expert Committee which submitted its report to the supreme Court in March 1999 making 
detailed recommendations which were circulated to all class-i cities and various stakeholders for implementation

2003 Expert Committee of CPCB on hazardous wastes management under the chairmanship of shri Dilip Biswas, Chairman, CPCB

2004 in an order dated 4 October 2004 the supreme Court noticed that the MsW rules  have been enforced but not 
implemented properly

2005 Under directions from the Hon’ble supreme Court, a Technology Advisory Group (TAG) was set up to improve sWM in the 
country and oversee implementation of innovative technologies of waste management in the country. The report of the 
Technology Advisory group was submitted in 2005. 
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2005 Expert Committee was constituted to examine the status with respect to energy project in Lucknow

2007 Order dated 15 May, 2007, the Hon’ble supreme Court examined the report of the Committee and modified its earlier 
orders and permitted the Ministry of Non-Conventional Energy Sources to go ahead with the five pilot projects

 2014 On 25 November 2014, NGT passed detailed directions with regard to the establishment and operationalisation of the 
waste to energy plant and green belt around landfill sites

2015 NGT order OA 199 of 2014, dated 20 March 2015, only the non- recyclable high caloric value waste should be used for 
Waste to Energy projects. Tribunal also directed all the concerned states to file comprehensive affidavits within four weeks 

2016 solid Waste (Management and Handling) rules 2016 were notified by MOEFCC

2017 The Hon’ble Delhi High Court vide its order dated 28.06.2017 in case Gauri Grover v. Government of NCT of Delhi, W.P. (C) 
8917/2015, constituted a Committee under the Chairmanship of Member secretary, Delhi state Legal services Authority 
(‘DsLsA’) to formulate and implement long term action plan regarding collection, removal and disposal of all waste in Delhi. 

2017     On December 12, 2017, the sC had written to all the states and union territories regarding status of implementation of 
sWMr

Source: Author (based on various reports and judgements). 

cONcLuSIONS
The Indian judiciary has shown 
its deep concern for the protection 
of environment from solid and 
hazardous wastes. The court 
has time and again emphasised 
that, effective enforcement of 
the Rules and efforts to upgrade 
technology is needed to ensure 
clean	environment.	Over	last	few	
years, Indian courts have played 
an important role in clarifying 
the uncertainties that are there 
regarding the implementation 
of Waste Management Rules. 
The various judgments have 
also helped addressing the 
shortcomings of Ulb’s regarding 
solid waste management. 
As a result of intensive and 
continuous monitoring of solid 
waste management processes by 
Indian judiciary, the solid waste 
management systems in India is 
undergoing transition to become 
more robust and effective.
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Effective management of solid waste 
has become a major challenge faced 
by the Urban Local Bodies (ULBs) 
in order to make their cities clean 
and livable. Appropriate Solid 
Waste Management (SWM) of a 
city is also crucial for public health 
and aesthetic surroundings and 
Swachha Bharat Mission (SBM) has 
provided a significant momentum 
for Solid Waste Management service 
improvement. This paper focuses on 
the performance assessment of SWM 
Services in the ULBs of 6 states 
(Gujarat, Maharashtra, Chhattisgarh, 
Telangana, Jharkhand and Assam) 
in India that have geographic, socio-
economic and governance diversity. 
Performance of SWM service is 
assessed under 3 themes; a) access 
and coverage; b) efficiency in service 
provision and its quality; and c) 
financial sustainability. The paper 
also includes the leading practices 
in the sector for effective service 
delivery and improving reliability 
in measuring, monitoring and 
improving these services.

Ms. Naznin Lalani (naznin.lalani@
cept.ac.in) is Research Associate &  
Ms. Jaladhi Vavaliya (jaladhi.vavaliya@
cept.ac.in) is Senior Program Lead, 
Centre for Water and Sanitation, CEPT 
University, Ahmedabad.

INTrOducTION
Urbanization is considered as 
one of the major indicators of 
modernization and economic 
development. It depends on the 
gradual shift of population from 
rural to urban areas migrating 
because of economic and social 
pressures. With economic 
development and establishment 
of industries, the secondary and 
tertiary sectors are acting as 
magnets to attract more people 
by creating job opportunities. 
The rapid urbanization has 
its own pros and cons. Some 
of such aspects are traffic 
congestion, lack of housing, 
education, medical facilities, 
etc. With increasing population 
in the cities, the volume of 
Municipal Solid Waste (MSW) 
generated has also increased but 
equal amount of measures to 
scientifically handle this MSW 
are not accurately taken. This 
untreated MSW degrades the 
environment and poses critical 
hazards on the health and 
quality of life.

The 2030 Agenda for Sustainable 
Development and its 17 
Sustainable Development Goals 
(SDGs) has emphasized on 
sustainability of the cities in 
its Goal 11 – “Make cities and 

Performance Assessment 
System (PAS) portal has 
ULB level information 
on Solid Waste 
Management (SWM) for 
all the cities of 6 states viz. 
Gujarat, Maharashtra, 
Chhattisgarh, Telangana, 
Jharkhand and Assam.

MUNICIPAL SOLID WASTE MANAGEMENT IN 
URBAN LOCAL BODIES OF 6 STATES OF INDIA

(Gujarat, Maharashtra, Chhattisgarh, Telangana, Jharkhand and Assam)

POLIcY rEvIEW

Key Words: Solid Waste Management, 
Service Level Benchmarking, 
Performance Assessment



October 2018 Volume 19 No. 2-SHELTER 49    

human settlements inclusive, 
safe, resilient and sustainable” 
and it is believed that with 
sound urban planning and 
management, this goal can be 
achieved. It has recognized that 
proper management of waste 
is one of the basic components 
of sustainable cities through 
efficient value chain and 
implementing 3Rs- Reduce, 
Reuse and Recycle. Uncollected 
or improperly managed waste 
can end up in water bodies or 
open dumps, creating unsanitary 
conditions. According to data 
from cities in 101 countries from 
2009 to 2013, approximately 
65 per cent of the population 
is served by municipal waste 
collection (UNSTATS, 2015).

These unattended and 
unanswered unsanitary 
conditions in the cities raise 
alarm among the citizens and 
civic officials by manifesting 
themselves through fatal 
emergency events. Some of the 
well-remembered events are 
plague outbreak in Surat city 
of Gujarat and beed district of 
Maharashtra in 1994 involving 
mostly wild rodents and fleas 
(Plague, 2000) and fire at Deonar 
– Mumbai’s open dump in 
January 2016 (NASA, 2016). 
Mumbai being the financial 
capital of India with population 
of around 12.5 million, dumps 
its 3700 metric ton waste in 
Deonar every day. This open 
landfill is like a mountain of 
trash with more than 30 feet 
height and area of dumping 

ground is 326 acres. The fire and 
its smoke at this dumpsite was 
strong enough to get detected by 
the sensors and satellites. It took 
more than four days to control 
the situation which had already 
imposed health hazards in the 
surrounding neighbourhoods. 

With the objective of Clean 
India Movement under Swaccha 
bharat Mission (SbM), the 
government has reiterated the 
importance of Municipal Solid 
Waste (MSW) Management 
in India as never before. The 
mission is not only focusing on 
issues related to behavioural 
changes but also encouraging 
citizens to get involved in the 
process. Since its inception on 
2nd	October	 2014,	 the	 first	 two	
years of SbM focused on required 
policy level changes necessary to 
regulate the scientific processing 
of the waste. In the 3rd year, the 
mission focuses on behavioural 
change through initiatives like 
Swachha Survekshan, City 
Compost Policy, Swachhata 
Pakhwada and Swachhagrahi 
(Sonia Henam, 2017).

The Ministry of Urban 
Development (MoUD), now 
the Ministry of Housing and 
Urban Affairs (MoHUA), Govt 
of India had acknowledged the 
importance of this and hence 
allocated separate ‘performance 
grant’ apart from the ‘basic grants’ 
under 13th and 14th Finance 
Commission for the Urban local 
bodies (Ulbs). The performance 
grant is linked to the individual 

city’s performance in service 
provision of necessary Urban 
Water Supply and Sanitation 
(uWSS)	services.	One	of	the	four	
sectors considered in this UWSS 
services is Municipal Solid Waste 
Management in the cities. The 
cities are required to measure 
and publish their current service 
delivery under the specified 
Key Performance Indicators 
(KPIs) against the Service level 
benchmarks (Slb) set by the 
MoHUA (MoHUA, Improving 
urban services through Service 
level benchmarking n.d.).

Performance Assessment System 
(PAS) Project has developed 
an online tool based on Slb 
guidelines to assist the Ulbs 
to fill their UWSS information 
online and generate the Key 
Performing Indicators (KPIs) 
which can be published by 
Ulbs or State Governments as 
an essential requirement to be 
eligible to avail performance 
grant. The PAS portal has Ulb 
level information on Solid Waste 
Management (SWM) for all the 
cities of 6 states viz. Gujarat, 
Maharashtra, Chhattisgarh, 
Telangana, Jharkhand and 
Assam (PAS, 2017) .

PErfOrmaNcE 
aSSESSmENT Of 
SOLId WaSTE 
maNaGEmENT
Performance of SWM service is 
assessed under 3 themes; a) access 
and coverage; b) efficiency in 
service provision and its quality; 
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and c) financial sustainability. 
Universal access to door-to-
door services is an important 
SWM goal in India. Efficiency in 
service provision and its quality 
theme capture MSW collection, 
segregation, treatment, recycle, 
reuse and disposal as laid 
down by the GoI in the Solid 
Waste Management Rules, 2016. 
Financial sustainability captures 
Ulb’s ability to recover their 
SWM expenditure. The data of 
900+ Ulbs is assessed to provide 
valuable insights of SWM 

service levels in various Indian 
states . These states are diverse 
in geography, socio-economic 
status and governance.

accESS aNd 
cOvEraGE
It essentially refers to the 
proportion of total households 
and commercial establishments 
that are provided such door-
to-door services by a municipal 
authority for collection of solid 
waste.

The collection of municipal solid 
waste generated in the city is 
done through primary collection 
i.e. door to door solid waste 
collection in most of the cities; and 
through secondary collections 
i.e. from common dustbins 
at public places and through 
street sweeping. It is observed 
that in many cities, the Ulbs 
have contracted out the waste 
collection services to private 
agencies or Non-Governmental 
Organizations	 (NGOs)	 or	 Self	

State Total Population 
(Census 2011, million)

Area (sq km) Urbanisation as per 
census 2011 (%)

Gross Domestic State 
Product per capita (INR)

Total ULBs

Gujarat 60.43 196,024 42.6 214,285 170
Maharashtra 112.37 307,713 45.2 225,892 384
Chhattisgarh 25.54 135,194 23.2 111,538 168
Telangana 35.28 112,077 38.9 182,333 69
Assam 31.20 78,438 14.1 80,625 96
Jharkhand 32.98 79,710 24.0 73,031 43

Source: Census of India, 2011, RGI and Ministry of Statistics and Programme Implementationa

Table 1 Overview of six states

Figure 1 Location map of 900+ ULBs in 6 Indian states

Source: Prepared under PAS project-CEPT University (Size of the dot 
represents the population of the ULB)
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Help Groups (SHGs). Very few 
Ulbs of Assam and Jharkhand 
are providing door to door 
collection of municipal solid 
waste (MSW) services.

Efficiency in Service Provision 
and its Quality

The focus in solid waste 
management (SWM) is on 
improving efficiency of MSW 
collection ensuring segregation 
and treatment rather than open 
dumping on environment. As 
per the SWM 2016 rules, the 
waste that gets generated has to 
be segregated into three streams 
- Wet (biodegradables), Dry 
(Plastic, Paper, metal, Wood, 
etc.) and Domestic Hazardous 
waste (diapers, sanitary napkins, 
mosquito repellants, cleaning 
agents etc.) and then needs to 
be handed over to authorized 
waste-collectors. Effective 
segregation has an impact on 
efficiency of either solid waste 
process or recycle plant, and 
eventually on scientific disposal.

Some of the state wise 
observation of MSW segregation 
and treatment as interred from 
Table 2 are:

•	 The	 uLBs	 of	 Gujarat	 have	
reported highest average 
collection efficiency of 98 
percent among all the states. 
However, only 4.5 percent 
of waste is segregated while 
1% is taken away by the 
recyclers.	 Of	 the	 total	 waste	
transported, only 17 percent 
is sent to treatment plants 
and is recycled/recovered. 
Around 24 percent of total 
waste generated in the state 
is disposed in scientific 
landfill	 sites.	 Only	 four	
Municipal Corporations, viz., 
Ahmedabad, bhavnagar, 
Surat and Vadodara have 
reported functional scientific 
landfill sites.

•	 The	 average	 collection	
efficiency of Ulbs of 
Maharashtra is comparatively 
lower than Gujarat and 
Telangana	at	89	percent.	One	
of the reasons being the newly 
added 100+ Nagar Panchayats, 
where the services and related 
number of staff are not as 
per the norms, which brings 
the state average down. 8 
percent of waste is segregated 

at source or disposal site 
while 3 percent is segregated 
and collected by recyclers. 
Only	 18	 percent	 is	 treated/
recovered while 7 percent is 
sent to scientific landfill sites. 
Six Ulbs in Maharashtra have 
reported scientific disposal 
sites viz. Nagpur, Nashik, 
Navi Mumbai, Pune, Panvel 
and Pimpri Chinchwad. 

•	 In	 urban	 Maharashtra,	
around one fourth of waste 
is generated in Greater 
Mumbai. However, there is 
neither a MSW treatment 
plant nor scientific landfill site 
in Greater Mumbai to tackle 
this MSW problem, which is 
disposed off untreated on the 
open dump. Hence the impact 
of this is visible on the state 
averages of Maharashtra.

•	 Though	 being	 one	 of	 the	
newly established states, 
Telangana has shown better 
improvement in the SWM 
services across the state. With 
collection efficiency of 93 
percent, Telangana treats 59 
percent of the MSW generated 
in the urban areas. Telangana 
has reported highest extent 
of segregation among the six 
states, with 17 percent of waste 
collected and transported in 
segregated manner while 8 
percent of waste is taken away 
by the recyclers. Around 7 
percent of waste is sent to 
scientific landfill site which 
was reported by Greater 
Hyderabad.
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Gujarat 359250 351270 13833 2605 61290 87090 213540
Maharashtra 821750 733950 64433 21881 149058 59710 575515
Chhattisgarh 68082 62967 2913 173 3900 300 59147
Telangana 260835 242479 43310 21466 152782 18042 81280
Assam 24380 19364 0 0 25 0 19361
Jharkhand 62222 54569 0 97 45 0 54354

Table 2 State-wise collection, segregation, treatment disposal of MSW
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•	 The	 average	 collection	
efficiency of Chhattisgarh, 
Assam and Jharkhand is 
92 percent, 79 percent and 
88 percent respectively. 
None of the Ulbs in these 
three states have reported 
scientific landfill sites. 
However, 5 percent of the 
waste is segregated in urban 
Chhattisgarh while 6 percent 
is being treated/ recovered. 
Chhattisgarh is also 
replicating their “Ambikapur 
model” (box1) across all the 
cities, which is aiming at 100 

percent collection efficiency, 
100 percent segregation and 
100 percent recovery of MSW 
with zero waste disposal. In 
Assam and Jharkhand, the 
percent of waste segregated 
and/or treated is zero or 
negligible.The disposal of 
untreated MSW in open 
dumps in all the states (barring 
Telangana) ranges from 70 to 
90 percent of the total MSW 
generated in urban areas. In 
Telangana, because of the  
better efficiency in collection, 
segregation and treatment 

in Greater Hyderabad (more 
than 56% urban population 
of state resides in Greater 
Hyderabad), Telangana has 
reported only 31 percent 
being disposed in open dump 
as untreated MSW.

TrEaTmENT Of 
muNIcIPaL SOLId 
WaSTE:
composting Plants: Major share 
of MSW treatment type across 
all the six states is through 
Composting plants, barring 

BOX 1    Ambikapur (AMC) the Zero Landfill City 

Ambikapur Municipal Corporation in Chhattisgarh, has been declared india’s best city in ‘innovation and Best Practices’ in 
Waste Management in swachha surveskshan. The city is managing its 100 percent waste and is generating revenue from its 
garbage (Bhatia, 2018). The model process involves self Help Group (sHG) women, called the Green Warriors, these women 
(from 62 self-help groups) come armed with masks, caps, gloves and shoes, are seen moving along the streets in rickshaws 
painted in green and red. Their work has set a precedent in the swachh Bharat Mission by making the town of over 145,000 
people waste-free, while also generating livelihood for its residents through waste management and recycling. Over 400 
women working in 48 wards in the city are now converting waste into something valuable. Each group of 10 members 
covers about 300 houses. Each group is assigned to one of the 18 solid Liquid resource Management (sLrM) centers closest 
to their locality. The federation has 100 manual and 34 e-rickshaws. Once the municipal waste is collected, it is taken to the 
sLrM center. A core member, who represents the group also do the basic book-keeping of their respective centers. There 
are also supervisors in each center who lead the teams. 

The collected waste is then brought to the 17 sLrM centers and one tertiary segregation center. The organic waste is 
segregated into 17 categories and the inorganic waste into 20 categories. The organic waste is used to make compost 
while the inorganic waste is further segregated into 156 categories after cleaning it at the tertiary segregation center. For 
managing operations and maintenance of the project, a user charge of rs 50 is collected from houses, rs 100 from shops, 
rs 500 from hotels and rs 1000 from hostels and ashrams. The total income from the user charges ranges from rs 12-15 
lakh per month. (india Water Portal, 2018)
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Assam. The average capacity 
utilization of composting plants 
in six states is 76 percent. In 
Gujarat, there are 10 composting 
plants with capacity of 57109 
MT/month working at 49 
percent capacity utilization. 
Maharashtra has highest number 
of composting plant with total 
capacity of these 54 plants being 
79520 MT/ month and average 
77 percent capacity utilization. 
Chhattisgarh, Telangana and 
Jharkhand have 6, 11 and 1 
composting plant each with total 
capacity of 3715, 125726 and 60 
MT/month respectively. These 3 
states have comparatively higher 
capacity utilization at 84, 93 and 
75 percent respectively.   

vermi-composting Plants: 
Gujarat has highest number of 
vermi-composting plants with 
total capacity of these 85 plants 
as 21202 MT/month. However, 
the capacity utilization is only 
35 percent with input of 7527 
MT/month. In Maharashtra, the 
average capacity utilization is 69 
percent for vermi-composting 
treatment plants. There are 35 
such plants with total capacity 

of 15827 MT/month. There are 
two vermi-composting plants in 
Chhattisgarh with total capacity 
of 16 MT/ month and 98 percent 
capacity utilization. Telangana 
has 13 vermi-composting plants 
with total capacity of 1839 MT/
month and average capacity 
utilization	was	72	percent.	Only	
one MSW treatment plant was 
reported in Assam (Palasbari 
Ulb) with capacity of 25 MT/
month but input of only 3 MT/
month i.e. 12 percent capacity 
utilization. Jharkhand has 
reported no vermi-composting 
treatment in their cities.

refuse derived fuel Treatment 
Plants: There are total five 
Refuse Derived Fuel (RDF) 
treatment plants that are 
reported in four states out of the 
six states considered for these 
analysis. Assam and Jharkhand 
do not have RDF treatment. 
Ahmedabad (Gujarat) has RDF 
plant of capacity 33000 MT/
month with input of 19500 
MT/month using 59 percent 
capacity. In Maharashtra, Navi 
Mumbai and Vita have reported 
RDF plants with capacity of 

3000 MT/ month and 30 MT/
month respectively. The average 
capacity utilization is 47 percent 
with input of 1400 MT/ month 
and 20 MT/month respectively. 
Korba in Chhattisgarh has a 
small RDF unit with 0.6 MT/
month working at full capacity.

Waste-to-Energy Plants: 
Maharashtra has 24 bio-
methanation / waste-to-energy 
plants with total capacity of 
38769 MT/ month. Gujarat, 
Telangana and Chhattisgarh 
have 3, 2 and 1 such WTE 
treatment plant respectively, 
the capacity utilization of these 
plants is 56 percent, 94 percent 
and 50 percent respectively. 
None of the cities in Assam and 
Jharkhand has reported waste-
to-energy treatment plant. 

Other processing Plants: 16 
percent of MSW treated in 
Maharashtra is treated through 
other types of processing plants. 
There are 10 such plants with 
capacity of 6163 MT/ month and 
input of 6066 MT/ month. Navi 
Mumbai Municipal Corporation 
(NMCC) has topped among Ulbs 
in Maharashtra and Western 
India in Swachh Survekshan 
for its scientific SWM practices 
(box-2). There are 4 such plants 
in Telangana and 2 plants each in 
Gujarat and Chhattisgarh with 
total capacity of 334 MT/ month, 
120 MT/ month and 1215 MT/ 
month with capacity utilization 
of 85 percent, 73 percent and 49 
percent respectively.

Figure 2 State-wise type of treatment of Municipal Solid Waste

Source: Based on analysis of SLB-PAS data (PAS, 2017)

POLIcY rEvIEW



HUDCO-HSMI Publication54    

fINaNcIaL 
SuSTaINaBILITY
Solid waste management 
services will only prove to 
be sustainable, if Ulbs can 
recover their expenditure. To 
achieve financial sustainability 
and attain full cost recovery of 
O&M	 charges,	 uLBs	 need	 to	
levy reasonable user charges. 

However, limitations in these 
services should be addressed. 
Therefore, Ulbs have to reduce 
unjustified expenditures, in 
addition of exploring options to 
increase their revenue. Service 
level benchmarks (Slbs) 
take into account total billed 
demand as a numerator for the 
calculation of cost recovery. This 

process helps to check whether 
tariff levels in Ulbs can cover its 
O&M	costs.	

Unlike water supply services 
where water tariffs, either flat 
rate or volumetric rate, are 
levied by almost all the Ulbs; 
in SWM the charges are not 
levied in all the Ulbs. To start 
such taxes or user charges, it 
requires strong political will and 
awareness among the citizens 
about its impact on better service 
provision.	 On	 an	 average	 only	
one tenth of cost incurred in 
SWM services across all the six 
states is recovered through its 
revenue income in this sector.

Chhattisgarh is leading among 
these states with average extent 
of cost recovery at 24 percent. 166 
out of 168 Ulbs in Chhattisgarh 

BOX 2   Navi Mumbai (NMMC) Solid Waste managementt

Navi Mumbai in Maharashtra, being a planned city, is ranked 9th cleanest city in india. Navi Mumbai Municipal Corporation 
(NMCC) has topped among the ULBs in Maharashtra and western india in swachha survekshan. The city segregates 86 
percent of waste. The landfill site adjoining to abandoned quarries has been picked up for setting up recycling units at 
Turbhe to marginalize the dumping. (Nayak, 2018) For better efficiency and complaint redressal, the city had also installed 
radio frequency identification (rFiD) tags on 22000-24000 garbage bins, along with GPs on trucks to monitor the garbage 
pick-up in the city. (Banerjee, 2014). The service level benchmarking data (PAs, 2017) as reported by Navi Mumbai shows 
100 percent recovery of MSW through processing and treatment. The city has composting plant of 19500 MT/month 
capacity and refuse Derived Fuel plant of 3000 MT/ month capacity. The inert waste remaining after recovery and recycling 
goes into the scientific landfill site with proper layering of Bentonite clay, High Density Polyethylene (HDPE) Liners, Drainage 
layer, Geo textile and finally garden soil on top. There is no open dumping of MsW in Navi Mumbai.

Source: PAS team site visit

Figure 3 State-wise Cost recovery and collection efficiency

Source: Based on analysis of SLB-PAS data (PAS, 2017)
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have reported to collect revenue 
against the SWM services 
provided in their cities. Across 
the state of Chhattisgarh, Ulbs 
levy a tax called “Samitit Kar” 
which is raised as part of property 
tax. Samitit kar includes tax for 
Solid waste related services, fire 
services and street lights. As 
these taxes are collected along 
with property tax, hence the 
collection efficiency of the same 
is higher at 69 percent.

154 out of 170 Ulbs in Gujarat 
are levying SWM charges but are 
able to recover only 15 percent of 
the cost with collection efficiency 
at 43 percent. Maharashtra and 
Telangana are recovering one 
tenth of the cost with collection 
of charges at 37 and 16 percent 
respectively.	 Only	 Golaghat	
city in Assam has reported cost 
recovery while none of other 
Ulbs levy SWM charges.

WaY TOWardS 
ImPrOvEmENT
The improvement of any 
service essentially starts from 
assessing the current status of 
the service provision. As the 
Ulbs and states have the current 
assessment through performance 
assessment in Service level 
benchmarking, it is essential 
to continue monitoring these 
services and have a blueprint for 
the Performance Improvement 
Action Plan. As the extent of 
service provision and efficiency 
in its delivery in all the Ulbs 
vary across the value chain of 

SWM, each Ulb will need to 
focus on the weaker component 
in these services. As the ultimate 
goal is to scientifically dispose 
all the waste generated in the 
city, it all starts with universal 
coverage and collection of the 
waste. If this is achieved, the 
Ulbs can then improve its 
quality of service provision by 
100 percent segregation of waste, 
which can then help in better 
efficiency in processing and 
recovery. Ministry of Housing 
and Urban Affairs, Govt of India 
launched Star rating for Garbage 
Free Cities on January 20, 2018 
under the SbM. This will create 
a healthy competition among 
the cities across the country to 
achieve the goals of cleanliness 
and 100 percent solid waste 
management. (MoHUA, Star 
rating of Garbage free cities 
under SbM, 2018)

Short Term and Low cost 
actions

• universal	 coverage	 and	
efficiency in waste collection 
– The collection agencies 
for primary as well as 
secondary waste collection 
in any city, be it Ulb/ private 
contracted	 agency/	 NGOs,	
are always required to cover 
the entire city under its 
service provision. If not, then 
universal coverage and 100 
percent collection of waste 
generated in the city should 
be included as essential 
performance indicator in the 
contract or scope of work. 

And such indicators should be 
linked with the release of the 
payment of the responsible 
agency. A third party 
evaluation and monitoring 
mechanism should also be 
in place to assess the on-
ground performance of these 
responsible agencies.

•	 Awareness	 and	
implementation of 
Segregation of waste – In 
the wake of Swachha bharat 
Mission, the awareness about 
segregation of waste as dry 
and wet waste along with 
its benefits are reiterated 
throughout the country. 
For this, the citizens should 
be actively involved in the 
process and monitoring. 
The Ulbs can also link the 
service provision of SWM 
like primary door-to-door 
collection in the Households 
and establishments only if the 
waste is segregated at source. 
However, the Ulbs should 
also make sure that the 
waste collected in segregated 
manner is also transported 
in segregated manner and is 
properly recycled/ recovered. 
Only	 then	 can	 we	 ensure	
effective and sustainable 
practice of segregation at 
source.

•	 Involving	 informal	 sector	 –	
The rag picker and recyclers/ 
kabadiwalas, who segregate 
the waste and take the dry 
recyclable waste from the 
secondary collection bins or 
from disposal open dumps, 
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indirectly play a crucial role 
in the entire SWM value 
chain and especially the 
treatment/ recovery of MSW. 
by registering or authorizing 
such informal agents can help 
in improving the segregation 
and treatment, and also 
assessing the volume of waste 
taken away by recyclers.

•	 utilizing	 treatment	 plants’	
capacity – Currently the 
average capacity utilization of 
MSW treatment plants across 
the six states is 74 percent. The 
total capacity is 423789 MT/
month and input is 311510 
MT/month which is only 24 
percent of the total MSW 
generated in these six states. 
If the un-utilized capacity of 
these plants is used, this can 
save 112279 MT waste from 
going into open dump per 
month.

•	 Zero	 waste	 disposal	 –	
Reduce, Reuse and Recycle 
– As Ambikapur model 
shows, if the waste is 
segregated in effective and 
usable categories, which can 
be reused or recycled, the 
Ulbs can target zero waste 
disposal. With effective ways 
of treatment and processing, 
Ulbs can avoid requirement 
of cost intensive scientific 
landfill sites and also lower 
the burden on open dump 
sites.  

•	 Improving	 reliability	 of	 the	
service provision - The other 
important aspect to improve 
service delivery in SWM is 
to first maintain reliable data 
records on measurement 
of these services which is 
the basis of monitoring 
the performance and 
accordingly taking actions 

for improvement. As shown 
by lonavala (box -3) Ulbs 
should start maintaining 
computerized or GPS based 
online recording system to 
assess the services. Ulbs 
can also start measuring the 
waste on private weighbridge 
till they procure their own 
such infrastructure.

Long Term and cost Intensive 
actions

•	 creation	of	new	infrastructure	
– Even after utilizing the 
existing treatment plants at 
full capacity, only 30 percent 
of waste can be treated. To 
address the threats posed by 
these untreated waste which 
pollutes the air, water and 
soil of the area, the creation of 
solid waste treatment facilities 
in the cities with sustainable 
operation and maintenance 
should be given priority. To 

Box 3 Lonavala – Record keeping system

Lonavala Municipal Council (LMC) in Maharashtra has started keeping computerized records for MsW collected in the 
city. The private contractor for MSW collection in Lonavala submits the receipt of vehicle-wise daily collection to LMC. The 
volume of waste collected and transported to treatment plant or dump site is measured through a private weigh bridge in 
the city. The details are then compiled in a computerized excel format by health department of LMC. The daily excel form 
consists of vehicle number, receipt number, time of weighing - gross, tare and difference in weight and remarks. Monthly 
computerized excel format with the net volume of MSW collected and transported by the agency along with the rate/ton 
and the amount payable to the contracted agency based on the service provided is calculated.

Source: PAS team site visit
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cater to the existing gap as 
well as the future demand 
with increasing population, 
the planning for required 
infrastructure across value 
chain should be done 
beforehand. This will include 
procurement of vehicles, 
weighbridges, treatment 
plants, landfill sites, etc. 

•	 Innovative	 treatment	
options – The cities with 
less population or fund 
constraints or land constraints 
can come together in clusters 
and can opt for regional level 
or common treatment plant 
with shared resources and 
responsibilities of operation 
and maintenance. This might 
help in improving the service 
provision in these cities.

•	 Improve	 cost	 recovery	 and	
its collection – lastly but 
essentially to make these 
services sustainable and 
financially independent, 
the cities should pass the 
resolution to levy SWM 
charges or taxes to recover the 
costs incurred in the services. 
For this strong political 
will and effective citizen 
awareness will be required. 
To improve the collection 

efficiency of these taxes, it 
can be included as part of 
their property tax which will 
become as an integral part of 
their revenue income.
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The World Habitat day this year 
is being celebrated worldwide 
with the theme of ‘municipal 
Solid Waste management’. In 
this context, please shed some 
lights on the municipal solid 
waste scenario in our country.

The state of municipal solid 
waste management situation 
in our country is indeed grim.  
barring a few, most of our 
towns and cities are in a very 
deplorable condition in so far 
as managing municipal solid 
waste	 is	 concerned.	 	 Of	 course,	
some small portions of our cities 
are quite clean, but that covers a 
very small percentage of the elite 
population.  The management of 
solid wastes in municipal areas 
is a very complex task involving 
collection, segregation, 
treatment and disposal.  There 
is much lacking in each of these 
stages.  In most of our cities, 
there is no segregation of solid 
waste and what is collected 
is actually a mixture of inert 
material, plastics, combustible 
material, organic material, 
etc.  Therefore, in the absence 
of ‘at source’ segregation, 
the problem is compounded.  
Further, collection bins at street 
corners or at a neighourhood 
level are also an issue.  Then 
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MANAGING MUNICIPAL SOLID WASTE IN INDIA

mY OPINION

transportation has to happen 
by a well worked out fleet of 
vehicles.  The next stage requires 
scientific dumping, processing, 
treatment and final disposal.  All 
these are tasks which require 
substantial funding.  It is only 
in the recent past, over the last 
decade or so, that the awareness 
has come about.

What is your opinion of the 
recent Government of India 
initiatives such as SBm, Scm, 
amruT and do you think 
these initiatives would help in 
managing mSW in our cities?

The recent Government of 
India initiatives such as Swachh 
bharat Mission, Smart City 
Mission, AMRUT, etc. are 
indeed very good initiatives 
of the Government of India in 
trying to address the issues.  
However, the area of solid waste 
management gets attention in 
a limited manner.  Further, a 
large number of towns are left 
out of these national schemes 
and therefore, the effect is 
highly restricted.  Nevertheless, 
despite this, these initiatives 
of the Government of India 
have brought to table various 
latest modern technologies and 
methods being adopted globally.  
This is therefore to be seen as a 
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good starting point.

What are the most critical solid 
waste management challenges 
in big Indian cities?

There are many critical 
challenges in big cities.  The 
sheer size of the city and 
population numbers brings with 
it the challenge of collection on 
a large scale.  This needs a huge 
manpower, a largely spread out 
network of collection points 
and a large fleet of vehicles for 
collection.  The other challenge is 
finding a safe place to dump the 
garbage without affecting the 
natural environment, either in 
terms of air pollution or ground 
water pollution. This also 
requires large tracts of suitable 
land for this purpose. Treatment 
is also another challenge.  
Composition of garbage is yet 
another challenge, since in large 
cities municipal waste often is a 
mixture of organic waste on the 
one hand and e-waste on the 
other.

from the planning point of 
view, what are the critical 
changes you envisage for 
effective and efficient solid 
waste management in our 
cities?

From the urban planning point 
of view, there are challenges too.  
Unfortunately, today, in most 
urban areas, the extensions are 
not based on central planning of 
layouts but sporadic emergence 
of developments by real estate 
developers, thereby making 
planning a difficult exercise.  

While planning is one thing, 
executing the plans prepared 
is another, as that involves 
many other issues such as land, 
finance, infrastructure, etc.

financing solid waste 
management projects is one of 
the key issues. In this context, 
Public Private Partnership 
(PPP) is being considered as 
one of the successful ways of 
fund raising for mSWm. do 
you agree with this and is there 
any future in this direction in 
our country?

Financing of solid waste 
management is a very important 
task.  While there may be 
institutions willing to provide the 
funds, the commercial viability, 
or lack of it, is a hurdle.  Public 
private partnerships are no doubt 
a good way of undertaking this, 
but again a private player will 
only come and participate when 
there is commercial viability and 
profitability over a period of 
time.  Unless there is a reasonable 
ROR	 on	 the	 investments	made,	
there is no point in investing 
in a project.  Typically, solid 
waste management projects 
are long gestation projects 
where the break even points 
are deep and can take decades.  
Waste to energy (WTE) is one 
technological solution which 
can help in commercial viability. 
Indian municipal garbage 
is typically high in organic 

content.  Therefore, appropriate 
technology has to take this 
into account. However, this 
requires the requisite garbage 
composition and quality for 
energy generation.  There is 
actually a great scope here for 
innovation.  

What are the best practices 
and innovations on SWm in 
our country as well as other 
countries in the world? can 
these be modeled and replicated 
in our cities?

Some of the best practices and 
innovations in our country are 
methods such as pelletisation, 
biogas generation and 
vermicomposting.  These are 
solutions which can be used, 
provided the base conditions 
are fulfilled.  landfilling is yet 
another method, provided it is 
done scientifically.  However, 
this needs a large parcel of 
land where there is no ground 
water table interference, natural 
depressions are available and 
locations are appropriate and 
away from human settlements, 
so that the foul smell during the 
filling period does not adversely 
affect the populations.

Effective urban governance 
is very essential for scientific 
disposal of solid waste. What 
governance changes do you 
suggest to take place in our 
cities for managing municipal 
solid waste? 

“For managing solid waste, good urban governance is a 
prerequisite.”
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For managing solid waste, 
good urban governance is a 
prerequisite.  Without the local 
political will and management 
practices adopted by the 
municipal bodies, the tasks 
cannot be undertaken.  At 
the local level, awareness 
programmes and exposure to 
best practices are needed for 
the local elected Councilors/
Corporators so that they get 
enthused by precedent and get 
the initiative to take up similar 
tasks in their own constituencies.

How do you see the future 
of municipal solid waste 
management in our country?

Municipal solid waste 
management has a vast scope in 
India.  There are over 8000 urban 

areas in the country where 
over a third of the population 
live.  If properly understood 
and implemented, solid waste 
management practices can add 
greatly to productivity, good 
public health, reduced disease 
incidence and a good quality 
of	 life.	 	 Often,	 these	 intangible	
benefits are overlooked for the 
immediate	ROR	on	investment.

apart from government, do you 
think the role of civil society, 
NGOs and other stake holders 
assumes critical importance for 
effective management of solid 
wastes in our cities?

In addition to the governments at 
the central, state and local levels, 
the civil society has a major role 
to play.  Consumption patterns 

need to change so that we do 
not become a ‘use and throw’ 
society but instead, practice 
‘reduce, reuse, recycle’.  Here, 
every citizen has a crucial role 
to play.  Attitudinal change is 
most important.  Where there 
is little garbage generated, 
management becomes so much 
easier.		Therefore,	NGOs,	RWAs	
and others have a major role to 
play in bringing about this social 
change.  Schools also have a 
very significant role in shaping 
the minds of the future citizens 
of the country and if we can 
‘catch them young’ and ingrain 
in the youngsters the concepts 
of resource conservation, we 
can go a long way in solid waste 
management.

mY OPINION

HudcO’S acTION PLaN ON “BEaT THE PLaSTIc POLLuTION”

India was the global host of 2018 
World Environment Day, which 
was celebrated on 5th June 2018. The 
Theme this year was “beat Plastic 
Pollution”and it aimed to bring the 
world together to combat single-use 
plastic. Ministry of Environment, 
Forest & Climate Change and Ministry 
of Housing and Urban Affairs, Govt. 
of	 India	 have	 urged	 HudcO	 to	
adopt a two pronged action initiative 
: (i) Awareness on Environmental 
Conservation; and (ii) Theme based 
awareness to “beat Plastic Pollution”.

All	HudcO	employees	are	encouraged	
to refuse, reduce and reuse plastic in 
their	daily	uses.	Furthermore	HudcO	
pledges for a plastic free environment 
in all its office premises.

• Single use plastic water bottles, take 
away coffee cups, lunch wrapped in 
disposable plastic bags, disposable 
food service cups, plates and 
containers made of polystyrene, 

plastic	 straws	 are	 banned	 in	 HO/	
HSMI/	RO	premises.

• Use of biodegradables and other 
types of composite utensils is 
encouraged in place of plastic.

• It is further encouraged to use 
durable, foldable and inexpensive 

reusable bags that can easily be 
carried in the car, pocket or purse.

• The use of plastic bottles is 
discouraged instead glass, 
steel or clay bottles are heavily 
recommended. 

Dealing with Material Use and Waste

Contributed by: Ms Pooja Nandy, Fellow, HUDCO’s HSMI
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Alappuzha (also popularly known as 
Allepey), the beautiful tourist town 
of Kerala was grappling with issues 
of solid waste management until the 
municipality stepped up to turn things 
around in 2012 by introducing a project 
that seemed like the only practical 
way out. It offers a unique example of 
decentralised solid waste management. 
It is among the five places in the world 
that has been recognised by the United 
Nations Environment Programme 
(UNEP) in 2017 as success stories 
in tackling the issue of Solid Waste 
Management. The story of how Allepey 
tackled this issue, can serve as a model 
for other cities or towns, struggling to 
maintain a waste free city.

INTrOducTION
Alappuzha, popularly known 
as Allepey is famous world 
over for its beautiful house boat 
rides in the serene backwaters. 
It is a municipality with a 
population of about 1.7 lakh. It 
is considered to be one of the 
oldest planned cities in Kerala. 
lord Curzon while on a visit to 
the town sometime in the 20th 
century called it “The Venice of 
the East” owing to its numerous 
canals which served as vibrant 
waterways. However, the city 
was in a dreary condition when 
it started to look like a vast 

Ms. Peggy Nepram (peggynepram@
gmail.com) is Managing Partner Habitat 
Design studio & Associate member, 
Institute of Town Planners, India. 

Mr. Mathew Adam (mathewadam@
gmail.com) is Architect Planner, Kerala.

waste dump. The canals and 
waterways were clogged with 
rotten bags of discarded waste. 
The town faced an acute crisis 
of waste management, where 
approximately 58 tonnes of solid 
waste were produced in a day 
and remained untreated and 
uncollected. During monsoons 
this created chaos in the form 
of mosquito breeding and the 
city suffered from chikungunya, 
dengue and other contagious 
illnesses. The contaminated 
water and the foul smell affected 
the town badly and this proved 
to be a major setback as the town 
drew its major share of income 
from Tourism.

cLEaN HOmE cLEaN 
cITY PrOJEcT 
(Nirmala Bhavanam Nirmala 
Nagaram)

Earlier most of the solid wastes 
were dumped in a village, 
Sargodayapuram located in a 
nearby panchayat. However, 
due to ineffective system of 
waste management, people in 
the village complained about the 
unhealthy and unhygienic way 
in which waste was dumped 
in their village, posing severe 
health hazards to the people 

PEGGY NEPRAM
MATHEW ADAM

The portable biogas plant 
designed by Integrated 
Rural Technology Centre 
(IRTC) has a capacity of 
1000 litres, which can 
convert 5 – 7.5 kgs of 
waste into compost. This 
produces about 80 – 90 
minutes of bio gas. The 
Suchitwa Mission gave 
75% subsidy to biogas 
plants. These bio gas 
plants were made of fibre 
and resin.

DECENTRALISED MUNICIPAL SOLID WASTE 
MANAGEMENT:  

caSE STudIES

Key Words: Thumburmuzhi Model, 
Aerobic Compost, Wat San Park
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living there. According to the 
Suchitwa Mission of the Kerala 
Government, a service provider 
was approved by the State to set 
up a composting plant which 
would treat 50 tonnes of waste in 
a day. Kudumbashree (women 
self-help groups) were engaged 
for the collection of waste. 
Despite the efforts, unsegregated 
waste which was collected posed 
a problem in the composting 
process. The plant set up to 
treat the solid waste could 
only treat upto 5 – 10 tonnes of 
waste in a day, the remaining 
untreated, rotten waste piled 
up causing environmental 
pollution, horrible stench and 
serious health hazard. Soon, the 
Panchayat banned the dumping 
of waste by the urban local body.

This posed a serious solid waste 
management challenge to the 
town of Allepey. What was to 
be done with the accumulated 
waste? Should it be burnt or 
buried? This led to Alappuzha 
Municipality implementing a 
project called “Nirmala Bhavanam 
Nirmala Nagaram” (Clean Homes 
Clean City) in November 2012. 
The programme aimed at 
segregating and treating the wet 
waste at the source. This step 
was different from the earlier 
system of waste management, 
as it called for treatment of 
waste at source. The State’s 
acclaimed decentralized 
urban administration was on 
task. The MlA held rounds 
of discussions with the 
municipal authorities, elected 

representatives (councillors), 
residents associations and the 
leaders of various political 
parties. Kudumbashree carried 
out a preliminary survey to 
map the waste generation, the 
existing system of disposal 
and the requirements of the 
residents. Various government 
and non-governmental agencies 
were made part of the discussion 
and the outcome was to 
establish a decentralised waste 
management system. This was 
first implemented in 12 of the 
most urbanised wards from the 
existing 52 wards. These catered 
to about 12,000 households. 
They were encouraged to set 
up portable biogas plants or 
fixed biogas plants ( Figure -1). 
These fixed bio gas plants were 
designed by The Agency for Non 
– Conventional Energy and Rural 
Technology (ANERT). People 
with limited land were asked 
to go for pipe composting.  A 
bio gas plant could treat around 
8 – 10 kg of waste, leading to a 
production of 3 hours of biogas 
supply.

The portable biogas plant 
designed by Integrated Rural 
Technology Centre (IRTC) has 
a capacity of 1000 litres, which 
can convert 5 – 7.5 kgs of waste 
into compost. This produces 
about 80 – 90 minutes of bio gas. 
The Suchitwa Mission gave 75% 
subsidy to biogas plants. These 
bio gas plants were made of fibre 
and resin.

The pipe composting system is 

used by people who have scarce 
land area. It consists of two PVC 
pipes of 1.25 m length and 10 
cms diameter with two caps. 
The pipes are fixed vertically on 
the ground, with 25 cms under 
the ground. The first layer is 
a gravel of 30 cms to absorb 
leachate. Waste can be put in to 
one pipe for 30 – 35 days until it 
is	full.	Once	full,	the	first	pipe	is	
closed with the lid. The second 
pipe is then filled. by the time 
the second pipe is filled, the 
waste in the first pipe would 
have converted into compost. 
Holes are made for aeration. 
3,500 households use bio gas 
plants and 6,000 families use 
pipe composting. 

Figure 1 Bio gas plant   

Source: Primary Survey

THE THumBurmuZHI 
mOdEL
The success of the project 
encouraged the municipal 
authorities to adopt a more 
advanced composting technique 
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on a larger scale. They adopted 
the Thumburmuzhi model of 
aerobic composting. The name 
is so called, as it was developed 
in the Kerala Veterinary and 
Animal Science University, 
Thumburmuzhi. The University 
developed this model to compost 
the carcasses of animals. A 
layering technique was used, 
where a first layer of cow 
dung acted as the medium for 
aerobic composting. A second 
layer of dry leaves / straw/ hay 
acted as the carbon source for 
bacterial growth.  The third layer 
consisted of the organic wastes 
such as carcasses, food wastes 
etc, which had to be composted.  
This was left intact for 90 days, 
after which the compost was 
formed. This was done in 
Thumburmuzhi bins, which 
was made of ferro – cement. It 
was	 a	 4ft	X4ft	X4ft	 bin	with	 air	
space and grooves, for aeration. 
This layering system came to 
be known as Thumburmuzhi 
Model Aerobic Composting 
technique (TMACT). This is cost 
effective and environmentally 
sustainable.

aErOBIc cOmPOST 
uNIT aNd WaT SaN 
ParK
The municipality set up 12 
waste collection centres with 
165 Thumburmuzhi bins at 
public places and the old waste 
dumping spots. Earlier when 
the bins were being installed, 
there was opposition from the 
locals who were apprehensive 

of living near garbage bins. To 
convince them, the municipality 
transformed one of the biggest 
dump yards in the town and 
set up a batch of bins inside 
tents. This came to be known as 
the WAT SAN Park (Water and 
Sanitation Park) (Figure-2). A 
garden was set up next to the 
tent and the processed compost 
from the bins was used in the 
garden. Soon, bio gas plants 
were also installed. Artists who 
organised the Kochi Muziris 
biennale, painted the walls to 
make it look more pleasing. The 
employees maintaining the park 
cultivated banana, vegetables 
and flowering plants which were 
sold in the market to generate 
income.

Figure 2 WAT SAN Park   

Source: Primary Survey

Figure 3 Composting Unit

Source: Primary Survey

Source: Primary Survey

These are maintained by the 
municipality workers who earlier 
used to collect waste from dump 
spots. The households with no 
waste processing facilities can 
bring their waste to these bins. 
A collection time is fixed and 
about 10,000 households benefit 
from this system. Small shops 
also put their waste in these bins. 
The compost hence generated is 
given free of cost to the farmers. 
The workers maintaining the 
waste are given regular technical 
training in waste management. 
Capacity building is done by 
the municipality so that these 
workers can further educate 
the residents on the importance 
of proper segregation of waste. 
The workers encourage people 
to deposit only kitchen waste 
with animal carcasses removed, 
which needs to be deposited 
in the bins before it is decayed. 
Aside from the WAT SAN Park, 
there are aerobic compost units 
set up by the municipality 
spread across various wards  
( Figure- 3&4).
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The Thumburmuzhi bins were 
installed in the Wat San Park 
under a roof to avoid rain 
water falling into the bins. 
About 2 tonnes of waste can be 
processed into compost. The 
Thumburmuzhi model aerobic 
composting technique was 
used here. Kerala Agricultural 
University developed a bacteria 
called bacillus Subtilis which 
was used in place of Cow 
dung in these bins. This step 
was taken to make up for the 
scarce availability of cow dung 
in the urban area. The higher 
temperature inside the bins 
prevents pests and insects from 
entering the bin.  The proper 
aeration makes sure that foul 
smell is not circulated. It takes 
about 30 days for the bins to be 
filled to their capacity. With the 
bacteria replacing the cow dung, 
it takes about 120 days for the 
compost to be ready.

To ensure the sustainability 
of the project and involve the 
youth WAT SAN Clubs were 
formed in schools. School kids 
are encouraged to collect the 
plastic bottles and give it to the 
clubs. In return, the kids are 
given coupons which can be 
used to buy note books from 
the	 book	 stores.	 Once	 a	 week,	
the club takes the initiative 
to clean the canals. They also 
conduct awareness programmes 
among students to encourage 
segregation at source. 

Plastic makes up about 4-5 % of 
the solid waste. All the wards 

in the municipality conduct 
plastic collection drives, once 
in two three months. Most of 
the plastic waste is collected 
by the representatives of Clean 
Kerala Company founded 
under the local self-government 
department.  The park also 
collects plastic wastes provided 
that they are cleaned and 
deposited in the bins provided 
separately for plastic collection.  
The collected plastic is taken 
to the plastic shredding units. 
The shredded plastic is sent to 
Erode in Tamil Nadu for further 
recycling.

The municipality has formed 
night squads to ensure residents 
do not throw waste in public 
areas. If this is violated, a fine 
of Rs.2500 is levied. If they 
are caught throwing waste 
in the water bodies, they are 
fined Rs.20,000 under section 
340 b of the MSW rules for 
contaminating and polluting 
water sources.  Shops and 
restaurants not complying with 
the waste management rules are 
served the closure notice. 

WHaT madE THE 
aLLEPEY mOdEL 
WOrK?
This decentralised waste 
management system worked 
for Allepey making it a model 
town that was recognized by 
United Nations Environment 
Programme, for its effort towards 
Solid Waste Management. 
Various factors played a role in 

making this a success - Political 
will, public participation, 
capacity building,  involvement 
of various agencies, technical 
assistance and its sustainable 
approach.

It all started with a problem of 
solid waste management. The 
problem needed an immediate 
solution and could not be put off 
to be dealt with later. In cities like 
Trivandrum, the municipality 
got tangled in a legal tussle with 
the panchayat which banned 
them from dumping solid waste 
at their village. This was not the 
case of Allepey. The authorities 
acknowledged the problem and 
acted on it. This was encouraged 
by political will which facilitated 
the process further by providing 
good leadership. 

For a project to have an effective 
result, it is very important to 
involve the people in the process. 
This kind of participatory 
approach is what clicked for 
Allepey. The people were made 
aware of segregation at source 
and managing treatable waste 
at home. This gave them an 
alternate option from burning 
the waste in their backyard or 
dumping it in the water bodies. 
The Allepey model not only 
provided a waste management 
system but also the production 
of bio gas and manure, which 
were beneficial to the people 
who engaged in this process. 
The success of this project is 
seen in the 80% households 
having simple composting 
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units. A Community structure 
was created where people who 
had no place for bio gas plants 
deposited their waste in bio 
gas plants of neighbours. This 
project also instills a sense of 
hygiene and cleanliness among 
the residents who would begin 
to see the town as it once was. 
This also creates a sense of 
belonging to the town further 
preventing the people from 
making the town dirty and hence 
preventing waste accumulation. 
This decentralised bottom up 
approach made it more logical 
and convenient for this project to 
take off.  This provided a scientific 
way of waste disposal which 
required active participation. 
This also encouraged others 
who may be apprehensive about 
installing biogas plants in their 
homes.  The manure produced 
was used for community 
farming, helping in community 
resident  associations. The clubs 
formed in schools, ensured 
active participation of school 
kids and youth making it a 
sustainable process. These kids 
could otherwise be indifferent 
to the problems of solid waste 
management. Kids are seen 
bringing waste to the aerobic 
compost units installed in the 
wards, wherein these compost 
units serve as interesting science 
projects for them. This makes 
the whole process a sustainable 
approach where the future 
generation is actively involved 
in keeping the town clean and 
the environment healthy.  The 

cleanliness of a town speaks 
volume about the ethics and 
commitment of the residents to 
a more sustainable environment, 
where the resources of the future 
generation are not compromised 
and contaminated. 

Capacity building of the 
municipal workers is an 
important aspect that has 
contributed to the success story. 
Technical knowhow provided   
also lead them to impart the 
knowledge to the residents, 
future generations and people 
who came to enquire about 
the process. This in turn, made 
them a skilled work force, 
committed to the project. In 
order to maintain the bins, 
they needed basic concepts of 
science and composting, which 
was provided to them through 
various workshops. 

Kudumbashree Mission is a 
women self-help group, which 
has actively contributed to this 
project. They have been engaged 
in servicing of the bio gas plants. 
Their services were widely used 
in the initial stages of the project, 
when the municipal authorities 
conducted a survey to identify 
the solid waste disposal 
methods used by the residents. 
The three tier decentralised  set 
up of the Kudumbashree units 
ensured the sampling sizes 
were adequate to understand 
the ground realities ensuring 
that the data was authentic and 
not duplicated. This serves as a 
model of women empowerment, 

wherein women are seen at the 
forefront of the project, actively 
lending their voice and expertise 
in an area which most often than 
not, is male oriented. 

Another important aspect is the 
contribution of both public and 
private agencies in the waste 
management process. Plastic 
is being recycled by a private 
recycling company. Several 
meat shops in the town signed 
an agreement with a private 
company, where the company 
collected the waste and took 
it to their facility to convert it 
to manure.  In an era of Public 
Private Partnership, it makes 
sense for the municipality to use 
their assistance to the maximum. 
This also leads to job creation, 
where by people are employed 
for the various services rendered 
by these agencies. This also 
relieves the municipality of 
the stretch in manpower and 
services which entails when 
such a large scale project is 
implemented. Private agencies 
collect segregated waste from 
shops and restaurants.

Technical assistance has played 
a vital role in making this 
scientific and practical and 
Institutes such as IRTC run by 
Kerala Sastra Sahitya Parishad, 
a people’s science movement, 
Kerala Veterinary and Animal 
Science University and Kerala 
government’s ANERT were 
actively involved in discussions. 
These research institutes 
further helped in disseminating 
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flowers to compost Initiative

technical know-how required 
for composting. They also 
participated in the workshops 
and seminars organised by 
the municipality to spread 
awareness.

cONcLudING 
rEmarKS
Decentralized waste 
Management has proved to be 
the key of Allepey’s success. As 
elucidated above, many factors 
have contributed to this success 
story. Allepey’s story provides a 
good model for towns and cities 
grappling with the problem of 
solid waste management. This 
has been rightfully recognised 
by the United Nations 
Environment programme. The 
most important point is that, 
this has been done with basic 
restructuring of collection 
system, by segregating waste at 
source and using this segregated 
waste to obtain compost and bio 
gas. The easy accessibility to this 
project makes it an ideal model 
of replication. 
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bodies. Nearly 42% of the city’s total 
waste is biodegradable. Alternative 
disposal methods such as electric 
composting runs into trouble since the 
waste is not properly segregated. This 
paper reflects the present problems, 
issues related to it and the solutions 
pertaining to the management of 
municipal solid waste. The aim is 
creating micro level solutions to the 
city wastes in a more scientific manner 
and going in a part to whole surgery in 
this aspect, which can be successfully 
implemented at macro scale for the city 
level, hence forming new guidelines for 
the municipal solid management action 
plan for the city.

INTrOducTION
The environmental problem 
arising from unscientific and 
indiscriminate disposal of 
municipal garbage is a real 
menace for the whole society due 
to growing population, not only 
in the urban areas but also in the 
suburban, peri-urban and rural 
areas. From the city perspective, 
the statistics say that Kolkata 
generates more than 4000 tons of 
municipal solid waste per day. 
The single largest generators of 
waste which account for more 
than 50% of the total waste in 
the city are the households. 
Dhapa, the main dumping 

Presently, more than 4000 tonnes of 
municipal solid waste is generated in 
the city of Kolkata daily. As per the 
official estimates, as a group, households 
are the single largest generators of 
municipal solid waste and contribute 
to 53% of the total waste produced in 
the city. In the existing system, the 
Kolkata Municipal Corporation (KMC) 
disposes of the collected waste by means 
of open dumping in the crude landfills of 
Dhapa, which is home to about 30,000 
people. The city’s dependency on the 
sole landfill of Dhapa may soon result 
in an unresolvable crisis in the city. 
Moreover, a survey states the miserable 
life that the people residing on the 
landfill lead and the contamination and 
toxic after effects it produces. With no 
land available for further landfilling, the 
State Government is currently looking 
for alternative options with small 
landfill areas in Noapara, and Garden 
Reach. As there are no provisions for 
collection and segregation of waste at 
source, the daily garbage mostly consists 
of kitchen waste along with household 
toxic waste, inert materials like ash 
and coal etc. Separation of household 
items like plastic, paper, metal, glass 
etc from their regular garbage, lead to 
their re-use or it can also be sold in an 
informal market. Given the fact that 
per capita waste generation per day 
in the city is well over 700 grams and 
there is a shortage of dumping space, 
management of this huge quantum 
of waste is a serious issue for the local 
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Though the city claims to 
have signed the Ramsar 
Convention to conserve 
international wetlands, 
they didn’t realise the 
scale of problem at 
Dhapa. To develop the 
landfill facility, an area 
of 113 hectares had 
been identified earlier 
near the existing MSW 
disposal site at Dhapa. 
The capacity of the 
landfill facility will be  
25 years. 
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site in Kolkata is owned by 
KMC (Kolkata Municipal 
Corporation). The disposal site 
is serving the city since 1981. 
The uncontrolled waste disposal 
has filled approximately about 
9 million metric tonnes (MT) 
of municipal solid waste, with 
only 2 million metric tonnes left 
to be filled which is expected a 
closure by 2025. The landfill site 
has already reached a height of 
50 feet and is a home to above 
30,000 people, majority of them 
being ragpickers and waste 
collectors who are at the high 
risk of health hazards.

Many over here make a living, 
processing the city’s rubbish 
amid severe pollution, fires 
and even animal carcasses. The 
average life span of the residents 
here is only 50, 20 years less than 
that of the city people. 

“There are dead babies, there are 
truckloads of smuggled chocolates 
or medicines, even gold and money. 
Yes, we have it all … “- Kartik 
Dhara, a resident of Dhapa to the 
Rockefeller foundation, (October, 
2016).  

Though the city claims that 
the ministries have signed the 
Ramsar Convention to conserve 
international wetlands, they 
didn’t realise the scale of problem 
at Dhapa. To develop the landfill 
facility, an area of 113 hectares 
had been identified earlier near 
the existing MSW disposal site 
at Dhapa. The capacity of the 
landfill facility will be 25 years. 
Kolkata is the highest municipal 
solid waste generator of the 
country.

Figure 2 Graph showing the available 
landfill size to the MSW dumped in the 

metro cities every day.

Source: Waste Management Handbook of 
India, published 2016

dEfINITIONS 
The terms municipal solid 
waste, solid waste management 

and best practices are broadly 
discussed in this article: 

Municipal Solid Waste (MSW), 
also called garbage or trash is 
defined at the national level as 
wastes consisting of everyday 
items such as product packaging, 
grass clippings, furniture, 
clothing, bottles and cans, food 
scraps, newspapers, appliances, 
consumer electronics, and 
batteries. These wastes come 
from homes, institutions such 
as schools and hospitals; and 
commercial sources such 
as restaurants and small 
businesses. The Environment 
Production Agency (EPA) 
defines MSW which excludes 
municipal wastewater treatment 
sludges, industrial process 
wastes, automobile bodies, 
combustion ash, or construction 
and demolition debris. before 
1970s, the MSW were dumped 
only in the landfills and were 
burnt in situ to reduce the 
volume of wastes. but often the 
industrial hazardous and bio-
medical wastes are disposed 
with the MSW which causes 
contamination to the compost 
formed. It also leads to the 
toxicity of the soil, contaminates 
water and land, produces toxic 
gases and releases greenhouse 
gases like methane into the 
atmosphere. The composition 
of the municipal solid waste in 
different regions is different. 
The waste composition data of 
the Dhapa landfill site is given at 
Figure 3.

Figure 1: Leachate ponding at Dhapa Disposal site, to left is the western mound- 8.1 ha, to 
right is the eastern mound – 13.3 ha

Source: Google Images 
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Figure 3: Composition of MSW as 
percentage. 

Source: Dhapa landfill assessment report 
(27th April, 2016)

Solid Waste Management and 
its best practices: Solid waste 
management is a term that is 
used to refer to the process of 
collecting and treating solid 
waste. It also offers solutions 
for recycling items that do not 
belong to garbage or trash. As 
long as people have been living 
in settlements and residential 
areas, garbage or solid waste 
has been a critical issue. Waste 
management is all about how 
solid waste can be changed and 
used as a valuable resource. 
The strategies for solid waste 
management generally include: 
Reduce and Reuse of waste at 
source and proper segregation 
of the same; Recycling for waste 
utilisation; bio-decomposition 
and composting / Incinerating to 
reduce volume to be landfilled; 
landfilling non-incinerable waste 
& incineration ash; and Using 
the by-products as electricity 
generation and green manure.

The generic term for the Solid 
Waste Management system 

is ‘3-R’ or REDUCE – REUSE 
– RECYClE. So, we have to 
reduce its generation, reuse 
the materials and recycle the 
discarded materials.

PrOBLEmS
The problem that is in the 
mainstream for the city is the lack 
of land availability for landfill. 
The key problems identified in 
the city are as under (figure 4)

(i) The waste is not segregated at 
source. While the households 
are reluctant to do so, the 
solid waste management 
team from the local bodies 
is also indifferent towards 
it. The garbage containing 
the kitchen waste is mixed 
with metals, plastics and 
other hazardous wastes, 
and dumped together 
in a landfill site or in the 
incinerator or compositing 

machines which not only 
forms toxic fumes, but also 
produces manure or compost 
with toxic ingredients.  
(Figure 6 & 7)

(ii) Each ward in the 
municipality has a small 
neighbourhood dumping 
space known as ‘Vat’ in local 
language, which is the source 
of pollution and littering.

(iii) The main landfill area of 
the city is on the verge 
of saturation. While the 
government is trying hard 
to make out new spaces for 
dumping, it shall not serve 
the purpose as a whole since 
there is no land availability 
in the city as such that can 
be appropriate for a new 
landfill site nor the scale of 
the site can suffice the waste 
disposal for more than a 
decade. 

Figure 4: Illustrating the issue regarding the solid waste management in the city.

 Source: Authors, Google images
 Figure 5: Incinerator and compactor stations in the city for solid waste management system

Source: Authors
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SOLuTION: PrOPEr 
SEGrEGaTION Of 
WaSTE
It is not a common thing to find 
a dustbin outdoors in India. 
Public places like parks and even 
famous tourist spots will have 
a few tiny waste bins around. 
They are mostly there to check 
littering. Assuming we do not 
litter our streets with random 
plastic bottles or even a tiny 
chocolate wrapper, and actually 
find a waste bin to dispose of it, 
we feel like we totally took a step 
closer to a cleaner environment. 
Similarly, in our homes we 
always use the dustbins for our 
daily kitchen wastes and also 
any household items we need 
to discard. Getting rid of the 
waste is our main priority and 
we never stop to wonder what 
the fate of that trash is. All the 
waste that is collected  is either 
collectively dumped in an 
incinerator or it is compacted 
and dumped in landfill sites. 

In Kolkata, the most common 
process is to reduce the volume 
of the garbage using compactors 
and then dumping it in Dhapa.

Figure 7 Existing composting plant at 
Dhapa that is non-functional presently.

Source: Dhapa landfill assessment report 
(27th April, 2016)

The Segregation of the waste 
collected should be given 
headmost importance. If the 
garbage is properly segregated 
it will be a huge leap towards a 
much better management and 

even recycling of the waste. 
The government should make 
segregation of waste a mandatory 
practice. The following 
categories are common: Paper, 
Cardboard (including packaging 
for return to suppliers), Glass 
(clear, tinted – no light bulbs or 
window panes, which belong 
with residual waste), Plastics, 
Textiles, Wood, leather, rubber, 
Scrap metal, Compost, Special/
hazardous waste, Residual 
waste.

leftover food which had any 
contact with meat can be 
collected separately to prevent 
the spread of bacteria. Meat and 
bone can be retrieved by bodies 
responsible for animal waste. 
If, other leftovers are sent, for 
example, to local farmers, they 
can be sterilised before being fed 
to the animals. Peel and scrapings 
from fruit and vegetables can 
be composted along with other 
degradable	matter.	Other	waste	
can be included for composting, 
too, such as cut flowers, corks, 
coffee grindings, rotting fruit, 
tea bags, egg- and nutshells, 
paper towels etc. Cheap pan oil 
(fryer oil), used fats, vegetable oil 
and the content of fat filters can 
be collected by companies able 
to re-use them. local authority 
waste departments can provide 
relevant addresses. This can be 
achieved by providing recycling 
bins.

Waste Sorting

Waste sorting is the process 
by which waste is separated 

Figure 6 Location of composting plant at Dhapa landfill

Source: Dhapa landfill assessment report (27th April, 2016)
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into different elements. Waste 
sorting can occur manually at the 
household and collected through 
curb side collection schemes, 
or automatically separated in 
materials recovery facilities or 
mechanical biological treatment 
systems. Hand sorting was the 
first method used in the history 
of waste sorting.

Waste Segregation

Waste Segregation means 
dividing waste into dry and 
wet. Dry waste includes 
wood and related products, 
metals and glass. Wet waste, 
typically refers to organic waste 
usually generated by eating 
establishments and are heavy 
in weight due to dampness. 
Waste can also be segregated 
on basis of biodegradable or 
non-biodegradable waste. 
Waste segregation has to start 
with us from our very home 
itself. Every household needs to 
maintain separate waste bins for 
different types of wastes. Waste 
bins provided on the streets 
outside should also be separated 
and have provisions to collect 
different types of wastes. The 
easiest way to segregate the 
waste at the initial level is to 
separate the waste into three 
different genres namely, paper 
plastic and metal (dry), organic 
(wet) and hazardous waste like 
batteries (figure 8 & 9). This 
will be a very convenient first 
step to further out the waste by 
the municipality. As stated by 
the West bengal Government, 

49% of the waste is recyclable  
(figure 10). 

Figure 8: Segregation bins, Yellow: 
Organic wastes (wet), Red: Hazardous 

wastes, Blue: Dry wastes (papers, plastics, 
metals)

Source: Google Images

Figure 9 Segregation of waste bins in the 
Leonardo Da Vinci Airport, Rome

 

Source: Author

Figure 10: Composition of MSW as 
percentage (division of the incinerable, 

recyclable and disposal goods).

Source: Annual Report 2008-09 on Waste 
management – West Bengal

ScIENTIfIc 
PrOPOSaL: dESIGN 
Of aN aNaErOBIc 
BIO GaS GENEraTOr

The Prototype and the 
intervening area Talking about 
the most scientific way of disposing 
organic household waste is to put 
them in an anaerobic chamber. We 
are dealing here with a small zone of 
38ha of land of a single ward under 
South Dumdum Municipality, 
where 0.86 tons of MSW is collected 
per day.

Dry anaerobic gas generator 
is the most suitable model 
for municipal solid waste 
(MSW) generated in the area 
of intervention. by using 464 
kg (organic waste) of 856 kg 
(total MSW) per vat per day per 
ward, we can generate methane 
gas which in turn can generate 
electrical energy to be used 
for lighting all the street lights 
of the municipality. based, on 
the principle of dry anaerobic 
process which is capable of 
generating power and manure 
in small scale which will cost 
around 3.5 lakh rupees. Each 
ward would consist one such 
model as a prototype and 
replacement of old conventional 
models of waste vats (fig. 11).
Figure 11: The designed module (waste to 

energy) for safe disposal of Municipal Solid 
Waste

 

Source: Authors

caSE STudIES



HUDCO-HSMI Publication72    

The advantages of this process 
of waste to energy, through 
anaerobic bio-gas generator are:

(i) It is environment friendly (ii) It 
generates a fairly good amount of 
fuel gas (iii) It would reduce the 
menace of street dogs and other 
animal nuances regarding the 
misplacing and littering of waste 
from the exposed vats (iv) It will 
generate high quality manure 
(v) The bio gas can be used as 
cooking gas, in street lights, slum 
houses etc. (figure 12)

application bio degradable 
kitchen waste, paper waste, 
green grass, leaf litter, market 
waste, green plant waste etc can 
be used to feed the chamber. 
Thus, not only does it consume 
the waste, it even produces 
methane as highly useful as fuel. 
The exposed vat region ends 
up as a secluded zone and also 
spreads toxicity including foul 
smell and air borne diseases. 
Also, it degrades the appearance 
of	the	site	where	it	is	kept.	On	the	
other hand, our design proposal 
not only solves the problem of 
the spreading toxicity of the 
exposed vats, it leaves a good 
scope for designing the stretch of 
the plant as the plant is functional 
underground. The land above the 
plant can be designed and turned 
into a public recreational spot. 

Execution 1) Processing the 
waste in the garbage mixture.                     
2) Routine operation for pre-
digested and digester tanks and                     
3) Monthly collection of manure 
and cleaning the whole digester.

Figure 12: Composition of the Bio-
composting plant

Source: Authors
Infrastructure required for a 
single prototype:
Space - 5.25 sq.m, Volume - 13 
cu.m appx (underground); Man 
Power - 2 unskilled labours for 
the operation; Power - 3-Phase 
AC; Water - Not required.  

calculations: 

Total biogas Input per day = 464 
kg = 0.47 Tons of waste (approx) 
to the digester. Input for 4 weeks 
= 0.47 x 28 = 13 Tons = 13 Cubic 
Metres. Digested for 4 weeks = 9 
Cubic Metres. left over mass to be 
further digested = 4 Cubic Metres 
Figure 13: Cost estimation of the prototype

sL TYPE OF WOrK COsT (i.N.r.)
1. EXCAVATiON 20000
2. BACK-FiLLiNG 5000
3. r.C.C. 110000
4. CENTEriNG 70000
5. rODs 85000
6. BriCKs 12000
7.. PLAsTEriNG 10000
8. sTEEL FiXiNG 7000

9. PLUMiNG 20000
10. OTHErs 30000

TOTAL 369000

Source: CPWD schedule of rates

from Stoichiometry and mole 
concept:

1 Mole of biomass (M.S.W) 
produces 10.5 moles of methane. 
Therefore 9 cu.m will produce  
95 cu.m of biogas. 3.5 cu.m of gas 
is generated per day. (1 cu.m of 
Methane = 10kW/Hr 3.5 cu.m of 
Methane = 35kW/Hr)

urBaN 
TraNSfOrmaTION: 
cLOSurE aNd 
TraNSfOrmaTION 
Of dHaPa LaNdfILL 
SITE
In December 2015, the West 
bengal Pollution Control board 
(WbPCb) issued the final draft 
on the closure of Dhapa landfill 
site titled “Environmental and 
Social Management Plan for 
Containment and Closure of 
Dhapa Dump-Site” in association 
with KADAM, Witteveen+bos 
and Taw. The proposed project 
was to install a leachate collection 
system for collection and 
treatment of leachate until the 
water level inside the dumpsite 
area has reached the same level 
as outside the closed dumpsite.  

A similar situation takes place 
for landfill gas. Decomposition 
of organic matter and generation 
of methane under anaerobic 
condition require presence of 
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moisture and as water infiltration 
is avoided, the decomposition 
processes will limit in time 
and landfill gas generation will 
decrease more rapidly than 
in a situation where access to 
moisture was unlimited. In the 
gas drainage layer a system of 
gas collection drains will be 
installed and approximately 
10 outlets (ventilation) points 
will be established. Emission 
of landfill gas will be through a 
bio-filter. Surface water will be 
collected on the surface of the 
closed dumpsite in intercepting 

lined ditches and in a lined 
interception encircling the closed 
dumpsite. Surface water is 
discharged to the existing open 
surface water drains/canals. 

The proposal suggested the 
following remedies: 

1) Profiling of waste surface › 
Installation of gas drainage 
layer, soil layer, 1.5 mm HDPE 
liner, drainage layer and 
vegetative layer including 
grass and other vegetation. 

2) Construction of surface water 
Collection wells around the 

closed dumpsite and these 
wells will be connected to 
existing open surface water 
drains/canal. 

3) leachate collection facilities 
and treatment of leachates in 
the planned lTP. 

4) landfill gas collection and 
outlet system › Internal service 
and access roads leading 
to the top of remediated 
dumpsite which may later on 
be used as view point. 

5) boundary fence  

Figure 14 Profile of the Dhapa landfill site

Source: West Bengal Pollution Control Board (WBPCB) report on the closure of Dhapa Dumpsite
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However due to lack of funding 
and downright negligence of 
the Government, this proposal 
still remains far from getting 
implemented. The existing 
proposal is very much detailed 
with simple steps carrying out 
the execution to the remedial 
solutions for the landfill. It is 
suggested that this proposal gets 
carried out as this will mitigate 
the alarming situation of the 
Dhapa landfill site before it goes 
completely out of control.

cONcLuSION
In this age of growing 
urbanisation, modern 
innovations play a major role 
in almost all spheres of our 
lives. It influences all aspects of 
our civilisation and thus waste 
management cannot be left out 
as it plays a vital role in our daily 

lives and, in the long run, even 
our ecosystem and environment. 
Proper waste management 
is essential for the unceasing 
functionality of our cities and 
other settlements.

This paper advocates municipal 
waste as a valuable resource, 
which when tended to, 
produces natural fuel. Thus, 
waste management needs to be 
established as an integral part 
of how our cities work and by 
extension a part of our day to 
day lives.
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PLANNING AND MANAGEMENT FOR COLLECTION, 
STORAGE AND SCIENTIFIC DISPOSAL OF 

MUNICIPAL SOLID WASTE  
INTEGRATED APPROACH FOR PLANNING AND MANAGEMENT OF SOLID WASTE: 

A CASE OF CHAKAN CITY

according to norms of city or economic 
profile. The proposed model is helpful 
for managing Municipal Solid Waste of 
Chakan city.

INTrOducTION
Municipal Solid Waste 
Management (MSWM) 
and adoption of processing 
technologies are dependent on 
the quantity and characteristics 
of the total waste generated in 
a local authority, the financial 
resources available, and in-house 
capability of local authorities to 
oversee project implementation. 
The Integrated Solid Waste 
Management (ISWM) proposes 
a waste management hierarchy 
with the aim to reduce the 
amount of waste being disposed, 
while maximizing resource 
conservation and resource 
efficiency. Source reduction 
or waste prevention, which 
includes reuse, is considered 
the best approach (tier 1); 
followed by recycling (tier 2); 
and composting of organic 
matter of waste, resulting in 
recovery of material (tier 3). The 
components of waste that cannot 

The Integrated Solid Waste 
Management (ISWM) is the finest way 
for collection, storage and scientific 
disposal of Municipal Solid Waste. 
Proper planning and Management 
for Municipal Solid Waste (MSW) 
is the current need of most of Indian 
cities. Due to improper planning 
loss of economy and manpower of 
municipality is observed. There are 
some issues regarding collection, 
segregation, transportation system, 
handling, financial management, and 
training of staff that are highlighted 
by taking case study of Chakan city 
from Pune District. On the basis of 
the Maharashtra state of primary 
survey and analysis, concept for waste 
management is proposed. The concept of 
waste management is developed on the 
basis of MSW Rule 2016. For location 
of dustbin and route of waste collecting 
vehicle, proper planning and analysis 
is are carried out. The proposed route 
has been decided using GIS software.  
The technology for treating the waste 
is desided on the basis of content of 
waste and proportion of organic waste. 
Location of sanitary landfill site is fixed 
on the basis of land suitability analysis. 
Financial model for management of 
MSW is provided along with cost 
recovery. The tax has been decided 
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Door to door, waste is 
collected in Chakan 
at domestic level. The 
efficiency of collection of 
waste at door to door is 
90%. Chakan Municipal 
Council covered all its 
23 wards to collect the 
domestic waste. 
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be prevented or recycled can be 
processed for energy recovery 
(tier 4). Tier 5 is disposal of waste 
in sanitary landfill, which is the 
least preferred option.

THE STudY arEa: 
cHaKaN
Chakan is situated on NH 50 
highway between Pune and 
Nashik cities. Chakan is about 30 
km from Pune city, 180 km from 
Nashik and 155 km from Mumbai 
(Figure 1). It is It located on the 
bank of the bhama river (Right 
tributary of bhima river).The 
population of the city is 41,113 
(census 2011), with total area 
of 17 Sqkm. The sex ratio is 846 
female/1000 male. It is situated 
at location 18.76 N 73.86 E and  
average rainfall is 246 mm. The 
average temperature of city is 25 
Degree Celsius. Chakan has been 
a wholesale agricultural produce 
trading hub (major onion trading 
Centre). Chakan is now home to 
a Special Economic Zone (SEZ) 
promoted by the Maharashtra 
Industrial Development 
Corporation (MIDC). 

Figure 1 Location of Chakan in Pune 
region

EXISTING SOLId 
WaSTE maNaGEmENT 
SYSTEm
Municipal solid waste includes 
commercial and domestic 
wastes generated in municipal 
or notified areas in either solid 
or semi-solid form excluding 
industrial hazardous wastes but 
including treated bio-medical 
wastes. The process in municipal 
solid waste management 
is waste generation, waste 
collection, waste segregation, 
waste transportation and waste 
disposal by scientific methods, 
which will not create any 
environment hazard. The solid 
waste management process that 
is observed in Chakan is waste 
generation, waste collection 
and segregation, waste 
transportation, waste disposal.
(MOud,	2016-17.)	

Waste Generation

Waste is generated at different 
sources in Chakan, which 
include domestic, commercial, 
Fruits shops, schools, colleges, 
hospitals, restaurants, roadside 
eateries.  Everyday 24-ton waste 
is generated in Chakan, which 
include all these sources of 
waste, which are biodegradable 
and non- biodegradable waste. 
With current population of 
Chakan that is 56,738 total waste 
generated by per capita is 0.422 
kg per day. (Chakan Municipal 
Council, 2017) (Table 1).                                                   

Table 1 Waste generation in Chakan

Sr. 
No

Land Use Waste 
Generated 
(Kg/Day)

1 residential 12,250
2 Commercial 1,500
3 Fruit 2,500
4 School 125
5 Hospitals 150
6 road side 

eateries
3,000

7 restaurant 4,000
8 Total 24,000

(Source: Swachh Maharashtra Abhiyan 
Report 2017)

Waste collection and 
segregation 

Proper solid-waste collection 
is important for the protection 
of public health, safety, and 
environmental quality.  Door 
to door, waste is collected in 
Chakan at domestic level. The 
efficiency of collection of waste 
at door to door is 90%. Chakan 
Municipal Council covered all its 
23 wards to collect the domestic 
waste door to door. During the 
time of waste collection, the 
waste is segregated into dry 
waste and wet waste. From 
primary household survey, it 
was gathered that 90% of people  
segregate the waste into dry 
waste and wet waste. Municipal 
solid waste management report 
said that there should be one 
segregation source unit so that all 
the waste collected is segregated 
systematically, but currently 
there is no such segregation 
source unit in Chakan. 

caSE STudIES



October 2018 Volume 19 No. 2-SHELTER 77    

Waste transportation

Primary collection vehicles 
should meet local requirements. 
before selecting a vehicle 
for primary collection, it is 
advisable to assess the amount 
of waste generated, local climatic 
conditions. After the waste is 
collected then it is transported 
to disposal site. Collection and 
transportation of waste is done 
by tractor, auto – tipper and 
dumper in Chakan (Table 2). 
Total waste generated in Chakan 
is 24 ton/ day but existing vehicle 
capacity is only 11.75 ton. And 
the waste collection vehicle (Mini 
truck) should have capacity of 
collecting 600 – 900 kg of waste 
in its each trip (MSW manual 
– 2016), but the existing mini 
truck collect only 300 – 400 kg 
of waste in its each trip.  So that 
in order to collect the remaining 
waste, they again have to travel 
back to Chakan which is not 
economically feasible, as travel 
cost increases. 
Table 2  Waste carrying vehicles in Chakan

Sr. 
No.

Type of 
Vehicle

Capacity 
of 

individual 
vehicle 
(Ton/ 
trip)

Number

1 Tractor 2.5 2
2 Mini 

tractor
4.75 15

3 Dumper 4.5 1

 (Source: Swachh Maharashtra Abhiyan 
Report 2017)

manpower in SWm

There is different type of 
manpower involved in 
different stages of solid waste 
management. For collection 
of waste at source there is 
requirement of loaders and 
helpers who collect the waste 
and throw it into collecting 
vehicle. Street sweepers are 
required to keep the city main 
roads clean. An engineer is 
required at waste disposal site 
who can scientifically manage 
the disposal of waste. To 
control all these process there 
should be one regulatory body 
in administrative structure of 
municipal council. Table  3 shows 
manpower status in Chakan city.
Table 3 Manpower and their count in SWM 
process

Sr. 
No.

Type of manpower Number

1 Street sweeper 48
2 Loaders and helpers 35
3 Drivers 18

(Source: Swachh Maharashtra Abhiyan 
Report 2017)

Waste disposal

Waste disposal is the final step 
in solid waste management. 
Scientific disposal of waste 
is done by different waste 
disposing methods like landfill 
or by converting it into energy 
by method of gasification, 
incineration, or by vermi 
composting i.e. making manure 
from waste to use it as to 
fertilizer in farms after the waste 
is decomposed by earthworms. 
In Chakan, there is none of the 
above waste disposal method 
to dispose waste scientifically. 
Apart from this, they directly 
dump their waste into 
Kharabwadi waste dumping site 
which is 4.5 km from Chakan and 
within vicinity of Kharabwadi 
village Panchayat (Figure 2). 
However, the dumping site 
should be 500m away from 
human habitation (MSW manual 
-2016). 

Figure 2 Location of existing Landfill Site.
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comparison of Existing 
situation with Service level 
Benchmarks:

An index of performance of the 
existing solid waste management 
parameters benchmarked 
against the normative/standard 
requirements or service levels, as 
prescribed by Ministry of Urban 
Development performance 
indicators, is furnished in Table 
4. It is imperative to mention 
that the nominal benchmark is 
the requisite level of provision 
that is to be achieved over the 
existing urban area of in Chakan 
municipal council. 

Table: 4 Comparison of existing situation 
with service level benchmark

Sr. 
No.

Indicators Existing Benchmark

1 Household 
level 
coverage

90% 100%

2 Efficiency in 
Collection 
of Solid 
Waste

90% 100%

3 Extent of  
segregation 
of waste

90% 100%

4 Extent 
of Cost 
recover

0% 100%

5 Efficiency in 
Collection 
of SWM 
Charges

0% 90%

6 Extent of 
scientific 
Disposal

0% 100%

Source: Swachh Maharashtra Abhiyan 
Report 2017, Service level Benchmark 

given by MoUD

ISSuES IN SOLId 
WaSTE maNaGEmENT 
The analysis of the preliminary 
information collected of 
Chakan, highlights certain good 
measures and systems adopted 
by the town and certain areas 
that require improvement and 
infrastructure development.

Door to door waste collection 
is undertaken in many parts of 
the town (90%). Street sweeping 
and drain cleaning are also done 
frequently. The town has made 
provision for adequate landfill 
site but the waste is not disposed 
by using scientific disposal 
techniques, it is just dumped in 
landfill site.

The preliminary issues and gaps 
identified are:

•	 Although	 door	 to	 door	
collection is 90%, despite this, 
there are some points in the 
town having open dumping.

•	 currently	 all	 the	 waste	
collected is only partially 
processed at the landfill site 
without prior segregation, 
resulting in piling up of the 
remaining waste.

•	 There	 is	 lack	 of	 personnel	
operating at the processing 
facility. 

•	 The	 current	 collection	 and	
transportation system is not 
optimized.

•	 The	 entire	 solid	 waste	
management system has to be 
gradually up scaled to meet 
the future needs of the town. 

The system has to be planned 
for the increased quantum 
of waste which have to be 
handled properly.

•	 The	 Landfill	 site	 has	 to	 be	
retro-fitted to become a 
sanitary landfill site. The 
procedures for its operation 
and maintenance have to be 
prepared and operationalized.

•	 The	 financial	 management	
plans for the solid waste 
management system have to 
be reviewed and improved to 
assist in revenue generation 
and creating a sustainable 
and self-sufficient system.

•	 Training	 for	 the	 staff	 in	 the	
solid waste management 
department to improve 
efficiency and safety 
standards may be required

PrOPOSEd cONcEPT 
Of SOLId WaSTE 
maNaGEmENT
The mechanism of solid waste 
management system in Chakan 
requires a reorganized model 
to meet the requirements of the 
MSW rules 2016. The major effort 
required in this regard is towards 
the procedural improvements of 
the waste segregation at source, 
transportation and disposal. 
Chakan Municipal Council at 
present is collecting 90% of waste 
generated, but public awareness 
on the solid waste management 
is lacking. The strategies are 
suggested in the following four 
areas: 
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Public awareness

 Waste generation is increasing in 
urban areas as the use of packaged 
consumer goods is increasing. 
The impacts of inefficient solid 
waste management are directly 
related to public health. It is thus 
very essential that the citizens 
of the town be equal partners 
with the town administration 
to reduce the problem of waste. 
Public participation is thus the 
cornerstone in a successful solid 
waste management plan. Public 
participation is essential in the 
following activities.

1. Reduce, Reuse & Recycling 
(3Rs) of waste.

2. Not to throw the waste/litter 
on the streets, drains, open 
spaces, water bodies, etc.

3. Storage of organic/bio-
degradable and recyclable 
waste separately at source.

4. Primary collection of waste

5. Community storage/
collection of waste in flats, 
slums, societies, commercial 
complexes, etc and other 
waste source generators.

6. Pay adequately for the 
services provided.

Generating public awareness on 
these issues and garnering public 
participation for an effective 
solid waste management in 
the town requires a sustained 
approach and efforts by the 
administration and the elected 
representatives.

collection of waste

Collection from all the waste 
generators has to be at door 
step in each of the existing 23 
wards. This would include 
residential, commercial and 
institutional facilities.  Door to 
door waste collection efficiency 
is 90%, remaining 10% are 
those household which are in 
Gavthan area with the road 
width below 5m, so that waste 
collecting vehicle cannot access 
these household, and also those 
household which are at city 
boundary. So these households 
to be served by tricycles with 
container for door-to-door 
collection or/and carts for narrow 
lanes at 1 tricycle per 200 units.
Tricycles with 6 to 8 containers 
of 40 to 60 l capacity can also be 
used for door-to-door collection 
of waste from narrow lanes. Male 
workforce is engaged to facilitate 
the picking up of larger quantity 
of waste in one trip and taking 
the waste to a secondary waste 
storage depot placed at a longer 
distance. Door to door collection 
of waste will reduce the burden 
of secondary collection system 
due to reduced number of open 
points. The MSW from markets 
and other common places would 
be collected through sweeping 
teams. The waste collected from 
door to door system and by 
the sweeping teams deployed 
for market areas and other 
public spaces will be disposed 
in the landfill. Roads sweeping 
and drain cleaning would be 

a separate waste flow from 
collection to disposal. 

Transportation of waste

The transportation of the waste 
will be classified into primary 
and secondary transportation.

•	 The	 primary	 transportation	
vehicles will be auto Tricycle, 
Tractors and Dumper 
wheeler vehicles involved 
in door to door collection. 
These primary transportation 
vehicles will collect the waste 
from the generators on a daily 
basis and transfer it to transfer 
station. 

•	 The	secondary	transportation	
of waste from road sweeping 
and drainage cleaning will 
be done by Tractor trailers 
to the land fill site. Tractor 
trailers will be used to 
transport drainage waste 
and construction demolition 
debris.

Transfer station
A site of 2 acre is identified 
for transfer station. A transfer 
station is an intermediate station 
between final disposal option 
and collection point in order 
to increase the efficiency of the 
system, as collection vehicles 
and crew remain closer to route. 
Disposal site is 4 km from main 
city area. It is justifiable to have 
a transfer station, where smaller 
collection vehicles transfer 
their loads to larger vehicles, 
which then haul the waste 
long distances. The unit cost 
of hauling solid wastes from 
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a collection area to a transfer 
station and then to a disposal 
site decreases, as the size of the 
collection vehicle increases. This 
is due to various reasons such as: 
labour costs remain constant; and

The ratio of payload to vehicle 
load increases with vehicle size. 
The waiting time, unloading 
time, idle time at traffic lights 
and driver rest period are 
constant, regardless of the 
collection vehicle size.

disposal of Waste

The final disposal of the waste 
has to be through a sanitary 
landfill site, after removal of the 
recyclable and biodegradable 

waste. This need to be processed 
separately and only inert and 
non-biodegradable waste should 
be taken to the landfill site. 
The handling of waste and the 
landfill site has to be scientific to 
avoid accidents. Figure 3 shows 
proposed flowchart for Chakan 
city. 

community bins at public 
places  

bins for community should be 
placed 4 numbers per 1 km2 
area. So, in Chakan there is 
requirement of 10 community 
bins that should be placed on 
public road, near bulk generator 
or near parks. 100% street 
sweeping waste to be collected 

in containerised handcarts and 
deposited in 3-4 m3 containers. 
Containers to be lifted by tractors 
or twin bin dumper placers. And 
then to be transported to be at 
transfer station.  

door to door collection and 
routing plan

Collection of municipal wastes 
from households and commercial 
establishments like provision 
stores and institutions like 
colleges, temples, theatres, malls 
etc would be part of door to door 
collection system. The primary 
transportation vehicles like hand 
carts, auto tippers will be used 
for door to door collection. The 
deployed door to door collection 
vehicles would visit each and 
every waste generator in the 
deployed area. The collected 
waste will be disposed by these 
vehicles directly to Transfer 
site. Chakan Municipal Council 
should make it mandatory for  
waste generator that waste need 
to be segregated at source. The 
segregated dry waste and wet 
waste will be collected by lCV, 
Tractor, Dumper and tricycle 
and carry the waste to Dry 
Waste collection centres. Dry 
waste or Recyclable material can 
be collected at regular intervals 
as may be convenient to the 
waste producer and the Chakan 
Municipal  Council. 

Source: Detailed project report municipal solid waste management for 
Town Municipal Council Kudachi

Figure 3 Proposed Solid Waste Management flowchart for Chakan
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Proposed Processing facility

The integrated waste 
management facility at Chakan 
is proposed to be set up at new 
disposal site. The area available 
at the processing and landfill 
site is 13 ha which include 
vermicomposting plant and 
sanitary landfill site which is 
located at a distance of 4 km 
from Chakan centre. 

Technology Selection

 The moisture content in Indian 
waste is high due to the high 
food and other organic content 
in waste. In Chakan, if the silt 
wastes are removed from the 
waste stream, the organic matter 
is about 50-60%. Such high 
moisture contents lead to low 
calorific value on as received 

basis. Thermal processing is 
difficult and would require 
energy addition. Further as 
mixed wastes are received there 
is always a threat of combusting 
plastics which can lead to 
Dioxins and furans release. 
It is recommended that no 
thermal processing technologies 
be adopted in Chakan. 
Compost, vermicomposting 
and biomethanation plants 
are working successfully in 
many places in India. These 
technologies recover the organic 
matter and make them into 
compost which is a good soil 
conditioner and useful for soil 
management. biomethanation 
has many useful by-products 
like biogas, compost and 
potential use of the liquid as pest 

repellent etc. From the agrarian 
environment of Chakan, the 
adoption of organic recovery 
solutions like composting 
and vermicomposting are the 
preferred options. We do not 
recommend bio-methanation 
at present, as segregation 
is a primary requirement 
for successful operation of 
biomethanation plants and 
this is not yet in practice. The 
physical processing technologies 
are useful to recover some of the 
non-organic matter and should 
be integrated into the main 
technology solution linked to 
organic waste recovery through 
composting. based on the above 
analysis, it is recommended 
to have Composting and 
Vermicomposting based waste 
management facility. This would 
be supported by the recycling of 
plastics and other inorganics. 
This technology proposed is 
simple and easy to implement 
with potential to meet the overall 
objectives of waste management 
elucidated above and it is cost 
effective.

vermicomposting

 For disposal of biodegradable 
waste, Vermicomposting 
technique of compost is used. 
Vermicomposting is typically 
suited for managing smaller 
waste quantities. It is an 
ideal technology for towns 
that generate up to 50 TPD 
of MSW which is thoroughly 
segregated either at source 
or in the plant. Under Indian 

Figure 4   Proposed Waste collection Route and Location of Community

   (Source: Primary data collection.) 
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conditions, the entire cycle 
of vermicomposting takes 
about 10 weeks. In case of 
pre-composted material, 
about 7-8 weeks is required. 
There are other composting 
technologies like windrow 
compost but it is operated at 
500 ton of waste per day. Also 
its installation cost is more. So 
financially it is preferred that 
Vermicomposting technique 
is used.  For disposal of 
biodegradable waste

Processing decomposed 
Garbage

 The un-segregated garbage 
when completely decomposed 
turns into black colour, 
earthy aroma and free from 
pathogens. This decomposed 
material is passed through the 
process machineries, which are 
simple and highly effective. 
The contraries that are non-
degradable materials like 
plastics, metals, glass, rubber 
and other inert materials are 
easily separated in four stages 
of screening. The sieving 
operations eliminates bits, 
sticks, gravels, metals and 
glass pieces making the end 
product highly uniform in size 
and quality. 

fINaNcIaL mOdEL
calculations 

Sanitary landfill  
The construction of landfill 
facility for all the cells shall 
be as per the specification and 
drawings. Design of each cell 

of landfill facility is decided as 
per the topographical conditions 
of the site area, subsequently 
development should be in same 
sequence. 

•	 daily	 compacted	 Volume	 -	
152.6580057 Cubic meter

•	 daily	 compacted	 volume	 is	
the ratio of waste generation 
per day (in kg) to the density. 

•	 	 Volume	 of	 sanitary	
landfill=Annually compacted 
volume + volume of cover 
material 

•	 Volume	 of	 sanitary	 landfill	
=55720+ 11144=66864cu.m. 

•	 Area	required	for	landfill	site=	
volume / height (height=5m) 

•	 Area	 required=	
66864cu.m/5m. =13372 sqm 

•	 Total	area	required	for	landfill	
site-13372sq.m. 

vermicomposting 
Calculation of leachate at 
landfill site 

•	 Precipitation	in	chakan		=	789	
mm/Year

•	 Area	of	operating	site		=	2	ha	
i.e 20000 sqm 

•	 Months	of	rainfall	=	4	month
•	 Peak	rainfall	=	assuming	90	%	

of rainfall in these 4 month i.e 
710 mm 

•	 Peak	 Leachate	 quantity	 =	
0.710*20000/120 = 118 cum

Transfer Station 
 1.8 acre of land is identified 

for transfer station and cost 
of acquisition and basic 
infrastructure required 
at transfer station Is 
Rs.1,00,00,000. 

revenue from composting 
•	 Total	 biodegradable	 waste	

generated each day at 2018 
is 13 ton i.e. 50-60 % of 
whole waste so keeping this 
percentage of biodegradable 
waste for projected year we 
get how much biodegradable 
composition in next 20 years 
(Table 7).

Costing 
Table. 7 Phase wise Costing of Solid waste management (in INR)

Sr. 
No.

Year Phase 1
2018-2023

Phase  2
2023-2028

Phase 3
2028 – 2033

Phase 4
2033 - 2038

1 Landfill site 
(Acquisition +  
20%m landfill 
site)

8,00,00,000 1,00,00,000 
(40% of 
landfill site)

1,00,00,00
(40% of 
Landfill site)

2 Vermicomposting 
plant

2,00,00,000 - - --

3 Transfer Station 1,00,00,000 - -- -

4 Community Bins 50,000 50,000 70,000 70,000

5 Vehicle 11,00,000 9,30,000 9,00,000 4,80,000

     (Source: Department of Registration and Stamp.) 
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•	 For	 100	 ton	 per	 day	 of	
biodegradable waste 
vermicomposting produces 
20 ton of compost within 2 
months . 

•	 So	 for	 13	 ton	 each	 day	 we	
put waste into plant for 7 
consecutive days so that 100 
ton will be filled in the plant.  

•	 There	are	around	5	weeks	 in	
each month so 100*5 = 500 ton 
per month of biodegradable 
waste is put into plant which 
will form 100 ton compost 
after two month.

•	 So	that	per	year	it	will	produce	
= 100*12 = 1200 ton compost/ 
year 

•	 We	 should	 sell	 this	 compost	
at  Rs 5000 per ton (given 
in MSW – 2016) but many 
farmers cannot afford it so we 
will sell it at Rs 2500 per ton to 
earn 1200*2500 = Rs 30,00,000/ 
annum.

Tax from Household
•	 For	 better	 service	 and	

improving Solid waste 
management efficiency in 
terms of overall performance 
we should take some amount 
per month from households

•	 Pune	Municipal	 corporation	
takes Rs. 60 per month for 
Solid waste management. So 
Chakan will take Rs. 30 from 
each household per month 
i.e.  14000 * 30 = Rs. 4,20,000 
Per month 

•	 So	 revenue	 collected	 per	
annum = 4,20,000*12 = Rs. 

50,40,000. Detailed phase wise 
collection is given at Table 8  

cONcLuSION 
by using integrated solid waste 
management we can improve 
the current efficacy of solid waste 
management. Public awareness 
is very important in order to 
improve performance of overall 
solid waste management. Public 
participation is an integrated 
approach of Municipal Solid 
Waste Management. If ISWM is 
done through proper planning 
and management it leads to 
financial support to municipal 
authority by generating revenue 
to authority. We need to attain 
the benchmark given by Ministry 
of Urban Development (now 
MoHUA), to implement the 
procedure of MSWM through 
public participation for holistic 
development of city. 
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Table. 8  Phase wise revenue collected (in INR)

Sr. 
No.

Year Population 
projected

Tax 
collected (in 

5 years)

From 
Composting
(30L/ ear)

Total = 
Revenue + 

Tax
1 Phase 1

2018-2023
72,109 25,75,214 1,44,00,000 1,69,75,214

2 Phase  2
2023-2028

93,200 33,28,571 1,98,00,000 2,31,28,571

3 Phase 3
2028 - 2033

1,23,955 44,26,964 2,79,00,000 3,23,26,964

4 Phase 4
2033 - 2038

1,72,976 61,77,714 4,14,00,000 4,75,77,714

  (Source: Primary data collection.) 
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The solid waste generated 
in Sircilla is managed 
perfectly. As it is a first 
-grade town there is a 
dumping site available for 
the municipality, the waste 
coming from household 
and other sources are 
carried through municipal 
vehicles to landfill site. 
Overall there is 100% 
household level coverage 
of solid waste through 
door to door collection, 
where dry and wet waste 
collects separate. 

Key Words: National Urban Sanitation 
Policy, Municipal Solid Waste 
Management, Urban Local Body.

The National Urban Sanitation Policy 
launched during 2008 envisages “All 
Indian cities and towns become totally 
sanitized, healthy and liveable and 
ensure and sustain good public health 
and environmental outcomes for all 
their citizens with a special focus on 
hygienic and affordable sanitation 
facilities for the urban poor and women.” 
The overall goal of this national policy 
is to transform urban India into 
community-driven, totally sanitized, 
healthy and liveable cities and towns. 

Urbanization contributes enhanced 
municipal solid waste (MSW) 
generation and unscientific treatment of 
MSW worsens the urban environment 
and causes health risks. The essential 
conditions for harnessing optimal 
benefits from the possibilities for public 
private partnership and challenges in 
solid waste management mentioned 
in this paper. The study explores 
what are the innovative ideas in waste 
management process which are currently 
being undertaken by various in India. 

INTrOducTION
Solid Waste Management (SWM) 
is a systematic process of storage, 
collection, transportation, 
processing, and disposal of solid 
refuse residuals in an engineered 
sanitary landfill and recycling. 
It is an integrated chain process 
comprising several collection 
methods, varied transportation 

equipment, storage, recovery 
mechanisms for recyclable 
material, reduction of waste 
volume, and quantity by 
methods such as composting; 
refuse derived fuel (RDF), waste-
to-energy, and disposal in a 
designated engineered sanitary 
landfill.

STudY arEa: 
Sircilla is the biggest textile hub 
in the state of Telangana. It is 
also home to several spinning 
mills, textile processing and 
dyeing industries. Sircilla, along 
with Warangal is proposed to be 
developed as a mega textile zone 
by the Telangana government.

Sircilla is a town and the district 
headquarters of Rajanna Sircilla 
district in the Indian state of 
Telangana. It is located on 
the banks of Maner River in 
the Sircilla mandal of Sircilla 
revenue division. It is popularly 
known as Textile town due to 
the presence of large number of 
power looms, textile processing 
units (Figure 1).

WaSTE GENEraTION:
Major solid waste generation 
sources in the municipality 
are Residential, Commercial, 
Market, Road Sweeping. 

INDIGIPALLY  
PRAVEEN KUMAR 

SUSTAINABLE SOLID WASTE MANAGEMENT – 
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The waste generated from 
all these sources include 
various types of wet and dry, 
bio degradable and non-bio-
degradable waste. 

Wastes generated in the 
municipality include: 

●	 Biodegradable	 waste:	 food	
and kitchen waste, green 
waste (vegetables, flowers, 
leaves, fruits), dead animals 
and paper. 

●	 Recyclable	 material:	 paper,	
glass, bottles, cans, metals, 
certain plastics, etc. 

●	 Inert	waste:	construction	and	
demolition waste, dirt, rocks 
and debris. 

●	 composite	 wastes:	 waste	
clothing, tetra Packs, waste 
plastics such as toys. 

●	 Household	hazardous	waste:	
medication, e-waste, paints, 
chemicals, light bulbs, 
fluorescent tubes, spray 
cans, fertilizer and pesticide 
containers, batteries, shoe 
polish, etc. 

EXISTING SOLId 
WaSTE maNaGEmENT 
PrOcESS IN SIrcILLa: 

Table 1 Town Profile                                                                                                    

Year of Constitution  1987
Grade 1st   
Area (in sq. kms)  15.25 sq. Kms
Distance from 
Capital (in kms)

 140

Number of 
Municipal Wards/
Divisions

 33

Number of revenue 
Wards/Divisions

 12

Total Population as 
on 2011/ 2017

75640/85631

Households 
(Number) as on 
2011/2017

22401/28543

SC/ST Population 3676/645
road / Drain 
Lengths

167.47/ 327 
Kms.

MSW Generation/
Disposal 

37.2/37.2 
MTPD

Source Segregated Yes
Door to Door 
Collection

 100% 

The present Municipal Solid 
Waste Management system at 
Sircilla  follows the norms of the 
MSW 2016 Rules.

The solid waste generated in 
Sircilla is managed perfectly. As 
it is a first -grade town there is 
a dumping site available for the 
municipality, the waste coming 
from household and other 
sources are carried through 
municipal vehicles to landfill 
site.	 Overall	 there	 is	 100%	
household level coverage of 

Figure 1: Location Map
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solid waste through door to door 
collection, where dry and wet 
waste collects separate. Daily 2 
trips are made for collection of 
waste.

Sanitation and other wings of 
the Municipal Council Sircilla  
(MCS) have gone hi-tech with 
the introduction of biometric 
attendance system for the entire 
field staff, including sanitation 
workers of the civic body. The 
move is aimed at effectively 
monitoring the attendance of 
the entire staff and improving 
the overall functioning of all the 
wings of the civic body. 

audio announcements 
fixed to the Tractors
Playing Audio while collection of 
waste from Door to Door “Which 
Helps citizens about segregation 
of Waste” Green dustbins are for 
disposing of wet waste while the 
blue ones are for dry waste. 
Figure 4 Audio announcement during waste 

collection.

vehicle partition and 
branding
Vehicle branding is simple 
and cost-effective way to 
create a huge impact. Sircilla 
Municipality design Graphics 
for vehicles as a media channel 
that can send a clear message to 

specific target group of people 
about Solid Waste Management 
& Segregation of waste. Solid 
Waste collection Vehicles 
Tractors with brandings give 
complete information like. 
Timing of the vehicle; Capacity; 
Driver Name;  Route and No of 
Trips per Day. 

collection & Transportation 
Daily 2MT of market waste is 

Figure 2 Daily waste collection

Figure 3 Existing Solid Waste Process in Sircilla Municipality

caSE STudIES

collected separately and is send 
to composting yard. The waste 
collected from road sweeping & 
road side which is collected by 
autos or tractors. 11 tractors are 
used for collection of doors to 
door waste from the households 
of the entire town and open 
collection points, commercial 
areas and 6 for drain silt.  

1 auto for door to door collection, 
1 for sub lanes, 1 for chicken 
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waste, 1 for Dead animals, 1 for 
litter bins.

vermicomposting:
Vermicomposting involves the 
stabilization of organic solid 
waste through earthworm 
consumption which converts the 
material into worm castings. 

Conversion of Vegetable Waste/
Market leaves etc (organic solid 
waste) into high quality organic 
manure which are otherwise 
wasted. 

It is a fast process which requires 
only 40-45 days as compared to 
the conventional process 

Vermicomposting contains 
plant growth hormones and 
anti-fungal elements which 
leads to high value addition and 
profitability. 

The technology is simple and it 
is easy to adopt and replicate 

Figure 5 Vermicomposting shed

Figure 6 Windrow system in Sircilla 
Municipality

Source: Primary Survey

marketing of manure:

Capacity of the 
Vermicompost Unit (In Mt 
Per Day) 

Amount of waste 
processed per day on 
an average (in MT per 
day) 

Distance from town 

5 2-4 5 kms

usage of compost: sales to the SHG members and other local formers 
as required creating source of income from the waste.

dry Waste reuse: 
dry resource collection centre: 

●	 The	 is	 processing	 system	 for	 recyclables	 has	 been	 initiated	 by	
the Municipality wherein dry waste is separated categorically by 
the rag pickers and Self-Help Groups which is being sold to ITC 
Paper Factory located in badrachalam for further processing & 
recycling. As warming per month dry write collection of 2306 kg, 
total income generated is estimated to be Rs 2.06 lakh per month 
(Table 2). The income generated from SWM can be utilized for 
paying municipal staff (Table 3).

Table 2 Income generative potintial for waste

S.no Dry Waste Per Week Per Month  Cost Recovery/
Income 

Generated 
1 Paper,  Craft, 

Plastic, Pet bottle, 
Milk packets, Oil 
packets, iron, 
Glass, White 
Covers, Books, 
Tires

On an average 
per day (1500- 
2000 kgs) 

23605 kgs 2,06,950/- 

Table 3 Utilisation of Income from waste management

1 lakh To Municipal workers
60 thousand To Wages to people working in DrCC.
Total 6 Nos. are working in DrCC.
20 thousand To Maintained person.
remaining 20 thousand to 30  
thousand 

To Profits to SLF.

Stages of Wet & Dry Waste Process
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commercial waste & Non-veg 
waste collection. 

Over	all,	there	are	17	tractors	for	
waste collection, out of which 
11 tractors for door to door and 
commercial waste collection in 
the town. The capacity of each 
tractor is around 1.5 to 1.7 MT.

Source: Primary Survey

Figure 7 DRCC Centre

Figure 8 Dump yard Location.

100 kgs of Manure is being 
sold to Sri Smala Devadas 
Garu at municipal office

Farmers using manure 
generated through 

vermicomposting for their fields

Generated manure (vermicomposting) 
is being utilized for plants in parks for 

their farming fields

Figure 9 Dumping yard in Sircilla 
Municipality

 Source: Primary Survey

Over	 all	 5	 autos	 are	 there	 for	
waste collection out of which 1 
separate auto for non-veg waste 
collection and 1 separate dead 

caSE STudIES

animals with a capacity of 700 
kgs.

compost Yard.

●	 At	 present	 the	 waste	 is	
dumped at Compost yard, 
Raghudu Village limits which 
is 6km away from the town 
with a total dumping area of 
16.25 acres (Figure 8 & 9).

●	 The	 vermicomposting	 beds	
with recyclable sheds is 
constructed in the remaining 
area. 

INNOvaTIvE 
IdEaS IN WaSTE 
maNaGEmENT 
PrOcESS
vehicle tracking system. 
●	 Vehicle	 tracking	 is	 an	

innovative scientific mode 
software technique which 
is being implemented in 
Sircilla Municipality to 
monitor the movement of 
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vehicles (from origin point 
to destination point) watch 
at a glance and estimate the 
kilometres run and thereon 
fuel consumption, so as to 
control the illegal activities 
and improper utilization of 
diesel consumption. 

Sircilla Garbage collection 
Tracking System.
●	 As	 waste	 management	

operations all over the world 
attempt to become cleaner 
and greener. Sircilla is leading 
the way with Vehicle tracking 
system.
Figure 10 Garbage collection system

Source: Primary Survey.

●	 McS	 is	 using	 cutting	 edge	
technologies like GPS, now 
planning to keep Sensors 
along with innovative 
Mobile and web application 
to improve and smoothen 
ground-level mechanisms for 
waste collection and efficient 
processing (Pilot Project is 
already going on in few parts 
of the town). 

faecal sludge treatment plant.
●	 Sircilla	 Town	 Planning	 for	
OdF	 ++,	 FSTP	 in	 Municipal	
area. 

●	 Faecal	 Sludge	 Treatment	
Plant (FSTP) which would 
manage sludge from over 30 
thousand households in the 
municipal area which are not 
covered by the underground 
sewage system (UGSS). Faecal 
sludge management refers to 
the removal, treatment, and 
disposal of faecal sludge 

●	 A	 site	 has	 been	 identified	
for the project, with capacity 
of 18 KlD & area of FSTP 
2500 sq mts, after treatment 
that water could be reused 
and the sludge for fertilizer. 
The treatment plant would 
also prevent unauthorized 
dumping of faecal waste. The 
total project cost is almost 160 
lakhs.

Figure 11 FSTP Flow Process

cONcLuSION:
In Sircilla municipality people 
participation in each and 
every stage of  solid waste 
management,   is a key feature. 
Nearly 6 to 7 public awareness 
campaigns, were conducted 
within last 4 months and slowly 
attitude of people towards waste 
was changed. Now sustainable 
and economically viable waste 
management system is functional 

in Sircilla Municipality.

Maximum resource extraction 
and revenue generation from 
waste, with safe disposal of 
residual waste of total percentage 
through development of landfill 
site, in another key feature of 
MCS.

Garbage collection tracking 
system, other technical aspects 
and trained people in waste 
management sector helps 
Siriclla Municipality in 100 % 
safe collection and disposal 
efficiency.

Sircilla municipal administration 
bagged many awards for 
innovative practices in bringing 
municipal services closer to 
citizens such as Swachhatha 
Award 2017 from Government 
of India (GoI) For Dry Resource 
Centre (DRC); qualified for the 
SKOcH	 Order-of-Merit	 Award	
in the category of Dry Resource 
Centre and Garbage collection 
tracking system. It has also 
achieved	 the	 100%	 OdF	 town	
status.
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COMMUNITY PARTICIPATION IN HOUSING – 
UNDERSTANDING THE CONCEPT  

THROUGH CASE STUDIES

participation in housing for the poor in 
India through case studies.

INTrOducTION
Government agencies are 
gradually becoming aware about 
the importance of community 
participation in settlement 
development schemes. They 
are getting convinced about the 
reality that providing shelter to 
the poor is beyond their financial 
and administrative capacity and 
disappointing experiences with 
human settlement programmes 
in developing countries make 
these governments realize 
this fact. In fact, governments 
are gradually recognizing 
community participation as a 
human right to take charge of 
their own lives and participate in 
the planning, implementation, 
and management of projects, 
which affect them.

As a result of the rapid pace 
of urbanization in many of 
the developing countries, 
community participation has 
been given more attention and 
has achieved new dimensions. 
Normally, community 
participation is considered as 
an instrument and bottom-up 
approach to bring about change, 

At present, the major initiative of 
Government of India in housing sector is 
Pradhan Mantri Awas Yojana (PMAY) 
with two components viz. PMAY-Urban 
for urban poor and PMAY-Grameen 
for rural poor. Through this flagship 
scheme, affordable houses are targeted to 
be provided to the poor citizens with a 
mission of “Housing for All” by 2022.  
In this endeavor, the biggest challenge is 
financial and administrative constraints 
of government institutions including 
all three tiers of government. Though 
various other governmental action plan 
schemes and programmes are proposed to 
be dove-tailed with this scheme in order 
to pull funds from various sources for a 
wholesome development, it is difficult 
for the government to implement the 
schemes in such a huge scale smoothly 
from administrative point of view.

To overcome this challenge, community 
participation is a viable alternative. 
Participatory approach would not only 
help the administration to manage the 
implementation of the scheme, it would 
facilitate to make the scheme successful 
from the beneficiary satisfaction point 
of view and make the scheme acceptable 
by the common mass.

This paper highlights the concept of 
community participation, integration 
of participatory approach in the 
policies of housing and developmental 
activities, identification of factors and 
other crucial aspects of community 

Keywords : Community participation, 
Community, People’s participation
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It was found in the case 
study projects  that 
government institutions 
took the responsibility 
of creating awareness 
amongst prospective 
beneficiaries and 
educate them on the 
concepts of community 
participation, roles of 
individual towards the 
same, benefits to be 
achieved from it etc.
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especially in low-income 
settlements. If seen from the point 
of view of the community itself, 
the main issue is not enhancing 
their capacity to participate in 
governmental programmes, 
but to seek government as 
well as private sector support 
as facilitators in a systematic 
way to their developmental 
priorities. As per the perception 
of a common man, community is 
seen as a source of free labour for 
construction, which is popularly 
known as “self-help”, and as 
per this concept, members of 
a community are supposed to 
provide mainly unskilled labour 
component of a project. There 
is no doubt that this popular 
approach brings down the 
overall cost of construction, but 
at the same time, the community 
is excluded from the task of 
planning, designing, which are 
procured entirely from external 
professionals. In case, the 
community does not identify 
the construction activity as a 
priority, the so-called “self-
help” labour of the community 
might not be entirely voluntary 
and hence, interest in sustaining 
the developmental programme 
would diminish, which would 
ultimately lead to failure of the 
programme. 

uNdErSTaNdING 
cOmmuNITY 
ParTIcIPaTION
To  get in depth meaning of 
community participation, 

the concept of “community” 
should be clear. Community 
is actually a “narrow group of 
individuals who have captured 
the participatory process to 
have their interests promoted as 
those of the community (Dulani, 
1997)”. The word “participation” 
can be explained according 
to banki (1981) as “a dynamic 
group process wherein all the 
group-members contribute, 
share or are influenced by the 
exchange of ideas and activities 
toward problem-solving or 
decision-making”. Participation 
is the highest order of public 
engagement.

As per some of the researchers, 
participation can be termed 
as an active process wherein 
individual beneficiary can 
influence the implementation 
including the direction of a 
development programme, 
which finally would result in 
his personal growth, especially 
improve his income, etc.  With 
an ultimate objective to share 
development benefits equally, 
participation is supposed to 
create an environment in which 
member can actively contribute 
and influence the development 
process. Community 
participation or people’s 
participation is to be seen as a 
human process, in which the 
beneficiaries of a development 
programme would have access 
to the decision-making process 
that would finally affect their 
livelihood.

Community participation 
is defined by UNCHS (UN-
Habitat) as: (i) the voluntary 
involvement of people in making 
and implementing all decisions 
directly affecting their lives; and 
(ii) the activities undertaken by 
low−income	 households,	 with	
or without outside assistance, to 
improve their living conditions. 
Though the above definition was 
propagated by UN, community 
participation existed from time 
immemorial in the form of 
mutual aid in the rural societies. 

PrESENT EmPHaSIS 
Of cOmmuNITY 
ParTIcIPaTION IN 
INdIa
In India, during the 1950s 
& 1960s, governmental 
programmes related to shelter 
and services were not sufficient 
in scale as well as unaffordable 
by the poor. However, during 
the 1970s, awareness emerged 
that the poor themselves would 
act as change agents through 
which human settlements could 
be created. 

Since the poor could not find 
sufficient opportunities in the 
formal housing market, they 
started developing their own 
shelter in the form of slums and 
squatter settlements. It is to be 
appreciated that quite a huge 
number of affordable shelters 
have been generated in these 
types of settlements with very 
impressive efficiency, in contrary 
to government led programmes. 
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It was acknowledged by the 
government that in addition to 
taking appropriate measures 
to improve uncontrolled 
settlements, it was equally 
important to integrate their 
residents into the national 
development process.

During the initial phase 
of formulation of housing 
policies and implementation 
of the same in 1950s & 1960s, 
no emphasis was given to 
community participation 
in housing programmes in 
India.  In the next phase in 
1970s & 1980s, theoretically, 
community participation in 
housing sector was recognized 
as an important factor and 
role of government started 
shifting from direct actor to 
facilitator. However, community 
participation was introduced at 
this period in a very minimal 
way. In the subsequent phase 
of 1990 onwards, community 
participation was introduced 
in a big way, which started 
with schemes like Housing and 
Shelter Upgradation (SHASHU) 
under Nehru Rozgar Yojana 
(NRY) in early 1990s, National 
Slum Development Programme 
(NSDP) in mid 1990s and 
Jawaharlal Nehru National 
Urban Renewal Mission 
(JNNURM) in mid 2000s. 

During the launching of 
JNNURM scheme in 2005, 
“Community Participation law” 
was introduced to facilitate 
implementation of the said 

scheme of Govt. of India through 
effective participation of people. 
The law aims at strengthening 
municipal governments by 
institutionalizing citizen 
participation and introducing 
the concept of Area Sabhas 
(consisting of all registered 
voters of a polling booth) in 
urban areas. The law further 
enables citizens’ involvement in 
municipal functions like setting 
priorities, budgeting provisions, 
exerting pressure for compliance 
of existing regulations, etc. 

With a view to ensuring equitable 
supply of land, shelter and 
services at affordable prices to all 
sections of society, sustainable 
development of habitat in 
the country was intended 
to be promoted by National 
Urban Housing & Habitat 
Policy (NUHHP) 2007, which 
directly or indirectly advocates 
participatory approach in 
housing. It  prescribes both 
Central and State Governments to 
act as ‘Facilitators’ or ‘Enablers’, 
also recommends local bodies, 
housing and development 
agencies to develop capacity 
building through training, devise 
capacity building programme at 
local level, promote participatory 
planning & funding based on 
local level stakeholders and 
promote Residents’ Welfare 
Associations for operation 
& maintenance and to check 
encroachment. According to 
this Policy, banks and Housing 
Finance Institutions (HFIs) to 
promote Self Help Groups for 

mobilizing savings & playing 
a significant role in housing 
finance sector and to encourage 
potential EWS/lIG beneficiaries 
to form Co-operative Group 
Housing Societies. 

In the New Urban Agenda of 
Habitat III (Quito Declaration : 
October	2016),	the	united	Nation	
has emphasised on Community 
Participation in the following 
forms:

•	 The	 New	 urban	 Agenda	
would be universal in scope, 
participatory and people-
centred.

•	 As	 far	 as	 supporting	 the	
mission of right to adequate 
housing for all with 
special focus on the needs 
of the homeless, persons 
in vulnerable situation, 
low income groups etc., 
participation and engagement 
of community is prescribed in 
planning and implementing 
the policies. 

•	 The	 New	 urban	 Agenda	
would commit to allow 
meaningful participation in 
decision-making, planning 
and follow-up processes for 
all. 

At present, Govt. of India’s 
flagship scheme under 
implementation is “PMAY-
Housing for All (U)” which 
envisages construction of 20 
million houses by 2022 in 
urban areas. Special emphasis 
is given to Community 
Participation in implementing 
this scheme. As advocated by 
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the central government, effective 
community participation is one 
of the major tools for successful 
implementation of the scheme.    

caSE STudIES 
Case Studies were selected 
on the basis of diversity in 
terms of various governmental 
programmes with people’s 
participation implemented 
from time to time. Case studies 
are based more on qualitative 
perception than on quantitative 
figures considering people’s 
participation attributes.

case Study-1: “Kalinga Kutira” 
Scheme of Odisha 

Scheme Brief

Kalinga Kutira scheme was 
launched	 in	 the	 state	 of	Odisha	
in the year 1992 for providing 
fireproof housing in rural areas 
of the state. However, the scheme 
was physically commenced 
and implementation started 
during mid- 90s. A new concept 
to strengthen community 
participation in the development 
and operation of facilities 
and services in a form of a 
policy known as “Community 
Management” was introduced 
by the State Government. 
Community Management 
Groups (CMGs) were formed 
at gram panchayat  level to 
implement the scheme, in which 
the beneficiaries were involved 
in a big way. 

Structure of the community 
Group

Each CMG was registered under 
Societies’ Registration Act 1960, 
having its bye-laws outlining 
its area of operation, aims & 
objectives, primary functions, 
constitution etc. All the 
beneficiaries, who were selected 
by the State Govt. (through 
Panchayats) for extending 
benefit of the scheme, were the 
members of CMG. beneficiaries 
were selected on the basis of 
certain pre-determined selection 
criteria, such as household 
income, condition of shelter 
owned, ownership of dwelling 
plot, category of the person 
(General/	Sc/	ST/	OBc	etc.).	

Positive and Negative aspects 
(of involvement of community) 
in the Scheme 

Positive Aspects – The following 
positive points related to 
people’s participation in the 
scheme may be highlighted:  

•	 Involvement	 of	 whole	
community at grass-root 
level.

•	 Monitoring	 of	 fund	 flow,	
physical progress including 
repayment from individuals 
by Community. 

•	 Quality	 aspect	 used	 to	 be	
managed by community 
groups .

•	 Loan	 servicing	was	 easier	 as	
collection at panchayat level 
was done by the Community 
Group. 

Negative Aspects – The negative 
issues, which finally labeled the 

unique scheme as a failure, are 
listed below:

•	 Political	 interference	 in	
selection of beneficiaries.

•	 corruption	at	grass-root	level
•	 Misguiding	 the	 beneficiaries	

by political leaders in 
repayment of loan. 

•	 On	 certain	 occasions,	 type	
designs/ specifications etc. 
finalized by the State Agency 
were not acceptable at grass-
root level.

•	 delay	in	fund	flow	from	HFI	
mainly due to delay in flow of 
information (progress report 
etc.) in reverse direction, 
which ultimately resulted in 
time & cost over-run.

case Study-2 : model village 
Projects in Odisha

Scheme Brief

Five Model Village Projects 
were	 implemented	 by	 HudcO	
in cyclone affected districts 
of	 Odisha	 on	 the	 aftermath	 of	
1999	 super-cyclone.	 HudcO	
had spent Rs. 25 lakh on an 
average in each project as grant 
in order to reconstruct dwelling 
units which were fully or 
partly devastated in the super-
cyclone and implement physical 
infrastructure components like 
road, electricity, water supply, 
pond renovation/ strengthening 
etc. and social infrastructure 
components like school, 
community hall, heath unit 
etc. as per need. Cost effective, 
environment friendly & energy 
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efficient building materials/ 
technologies were used as far as 
possible in these projects. 

Structure of the community 
Groups

Village Monitoring Groups 
(VMGs) were formed of which 
all the beneficiaries were 
members; representatives from 
district	administration,	HudcO	
& Village Panchyati were also 
members. VMGs played a 
very vital role in successful 
implementation of the projects 
and used to give inputs in the 
course of implementation of these 
Model Village Projects in aspects 
like selection of beneficiaries, 
finalization of requirements 
w.r.t. Infrastructure facilities, 
finalization of designs of 
dwelling units & community 
buildings, selection of basic 
building materials, monitoring 
the construction work etc.  

Positive and Negative aspects 
(of involvement of community) 
in the Scheme 

Positive Aspects – The following 
positive points regarding 
people’s participation in the 
scheme may be highlighted:  

•	 Involvement	 of	 community	
at grass-root level from 
beginning to end of the 
scheme made the scheme well 
accepted by the community 
including acceptability w.r.t. 
building design (dwelling/ 
community building), 
building material etc.  

•	 Beneficiaries	did	not	have	any	
serious complaints regarding 
slow pace of progress, quality 
of construction etc. since the 
community was involved in 
monitoring of the scheme. 

Negative Aspects – Some 
negative issues as follows could 
be noticed - 

•	 Village	 politics	 inside	 VMGs	
sometimes hampered the 
pace of implementation

•	 In	 some	 cases,	 it	 took	 lot	 of	
time to convince residents 
for using alternative building 
materials & technologies, 
which created a temporary 
dead-lock at planning stage

•	 Vested	 interest	 of	 local	
residents for supply of 
material etc. sometimes 
adversely affected the 
progress of work

case Study-3: BSuP & IHSdP 
under JNNurm in West Bengal

Scheme Brief 

Schemes of basic Services for 
Urban Poor (bSUP) in Mission 
Cities and Integrated Housing & 
Slum Development Programme 
(IHSDP) in non-mission towns 
under JNNURMii  had been 
launched in 2005. both bSUP 
& IHSDP were Government of 
India Action Plan Schemes for 
integrated slum up-gradation 
programme having two major 
components dwelling units and 
infrastructure facilities (both 
physical & social). The schemes 
aim at eradication of kutchaiii  or 

semi-kutcha houses in the slums 
to be replaced with puccaiv  
structures along with upliftment 
of living condition through 
provision of proper basic 
infrastructure like road, water 
supply, electricity, sanitation 
and social infrastructure like 
community buildings, primary 
schools, crèches, health centres 
etc. The ultimate aim of the 
programme is to de-notify every 
urban slum in the country.  
The programme was being 
implemented through subsidy 
components from Central Govt., 
State Govt. & Urban local 
body and in case of housing 
component, contribution from 
beneficiary also.   These schemes 
were being implemented in 
the State of West bengal with 
active involvement of slum 
dwellers right from the scheme 
formulation stage.

Structure of the community 
Groups

busteev  Works Management 
Committee (bWMC) at slum 
level gives its inputs to the local 
administration/ Ulb while 
chalking out the requirements 
for infrastructure facilities for 
the slum including assisting 
the administration in selecting 
beneficiaries for dwelling units. 
It plays a vital role in monitoring 
progress of the project, looking 
after the basic quality control 
aspects and also carrying out the 
operation & maintenance work 
of common services. 
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Positive and Negative aspects 
(of involvement of community) 
in the Scheme

Positive Aspects – Participation 
of the community in 
implementation of the 
programme proved to be 
beneficial in various ways like:  

•	 Involvement	 of	 community	
at grass-root level from 
beginning to end of the 
scheme made the scheme well 
accepted by the community. 

•	 Beneficiaries	did	not	have	any	
serious complaints regarding 
slow pace of progress, quality 
of construction etc. since the 
community was involved in 
monitoring of the scheme.

•	 Involvement	of	community	in	
operation & maintenance of 
services, in most of the cases, 
made it easier for the Ulb to 

carry out their job.
Negative Aspects – Some 
negative aspects emerged due 
to involvement of community in 
the programme:

•	 Political	 considerations	 in	
selection of beneficiaries 
(for dwelling houses) 
resulted in selection of in-
eligible beneficiaries as 
well as exclusion of eligible 
candidates. The main aim 
of the programme of de-
notifying the slums is thus 
defeated in most of the cases.

•	 It	 is	 even	 experienced	 that	
after change of political 
regime in most of the Ulbs 
during 2009-10 in West 
bengal, schemes in some 
areas were stalled and list of 
beneficiaries underwent huge 
change.  

•	 Vested	 interest	 of	 local	
residents for supply of 
material etc. sometimes 
adversely affected the 
progress of work. 

aNaLYSIS ON caSE 
STudIES
Following aspects of community 
participation have been studied 
and analyzed in the conducted 
case studies:    

Types of participation 

With the development of 
participatory approaches, the 
idea of participation has become 
the part of every development 
programmes.	 On	 the	 basis	 of	
seven typologies of community 
participation described by Pretty 
(1994) and Pimbert & Pretty 
(1995), type of participation 
has been analyzed in  each case 

Table 1 : Type of participation

Typology/ Description Type of participation in case studies
“Kalinga Kutira” Scheme 
(Odisha)

Model Village Projects 
(Odisha)

BSUP & IHSDP under 
JNNURM (West 
Bengal)

Participation by Consultation

People participate in a consultation 
process initiated by external agents/ 
bodies

Beneficiaries participated 
in consultation process 
initiated by Odisha rural 
Housing & Development 
Corporation Ltd. 

Beneficiaries participated 
in consultation process 
initiated by the 
community groups (Village 
Monitoring Groups) 

Beneficiaries 
participated in 
consultation process 
initiated by concerned 
ULBs

Passive Participation

People participate passively when 
they are told about the consequences. 
Sometimes they participate because they 
are forced

Not found Not found To some extent, 
people were forced 
to participate to 
implement the scheme

Participation in Information Giving

People participate by answering the 
questions posed by researchers and 
project managers. They do not influence 
the process of research

Not found Not found Not found
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Participation for Material Incentives

People participate for some material 
incentives. They do not participate in the 
experimentation process

Beneficiaries participated 
for their houses

Beneficiaries participated 
for their houses and 
infrastructure facilities

Beneficiaries 
participated for 
their houses and 
infrastructure facilities

Functional Participation

People participate through groups to 
meet predefined objectives set by the 
external agencies. Further these groups 
may become self-dependent

Beneficiaries participated 
through Community 
Management Groups 
to meet predefined 
objectives set by OrHDC/ 
State Government. 
However, these CMGs 
never became self-
dependent

Beneficiaries 
participated through 
Village Monitoring 
Groups (VMGs) to meet 
predefined objectives 
set by HUDCO in 
consultation with State 
Government. However, 
these VMGs never 
became self-dependent

Beneficiaries 
participated through 
Bustee Works 
Management 
Committee to meet 
predefined objectives 
set by concerned ULBs/ 
State Government

Interactive Participation

People participate by cooperating in the 
study. it helps in making action plans 
and creation of new local groups. These 
groups control the local decisions

Beneficiaries created 
Community Management 
Groups which gradually 
started controlling 
local decisions about 
implementation of the 
scheme

Beneficiaries created 
VMGs which gradually 
started controlling 
local decisions about 
implementation of the 
scheme

Beneficiaries 
created Bustee 
Works Management 
Committee which 
gradually started 
controlling local 
decisions about 
implementation of the 
scheme

Self-Mobilization

in order to change the systems, 
people participate by taking decision 
independently. However, self-initiated 
mobilization cannot guarantee 
distribution of wealth and power equally

Not found Not found Not found

Table 2 : Flow of Information 

Type of beneficiaries’ 
engagement 

Flow of information in case studies
“Kalinga Kutira” Scheme 
(Odisha)

Model Village Projects 
(Odisha)

BSUP & IHSDP under 
JNNURM (West Bengal)

Information/ Communication  OrHDC

 

   Beneficiaries

HUDCO

 
   Beneficiaries

Concerned ULBs

 

   Beneficiaries

Consultation OrHDC

 

   Beneficiaries

HUDCO

 

   Beneficiaries

Concerned ULBs

 

   Beneficiaries
Participation OrHDC

 
   Beneficiaries

HUDCO 

 
        

    Beneficiaries

Concerned ULBs

 
   

   Beneficiaries

(through 
CMG)

(through 
CMG) 

(through 
CMG)

(through 
VMGs)

(through 
VMGs) 

(through 
VMGs)         

(through 
BWMC) 

(through 
BWMC) 

(through 
BWMC) 
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study, which are given in Table 
1.

flow of Information through 
community Participation

In case of ‘Information/ 
Communication’ type of 
beneficiaries’ engagement, flow 
of information is from organizer 

to public, while for consultation 
it is public to organizer and for 
participation the same is both 
ways. Flow of information as 
found in the three case studies is 
described in Table 2.

factors Influencing Housing 
delivery System led by 
community Participation

Through cases studies and 
extensive literature survey, 
twenty numbers of factors 
with respect to community 
participation could be identified 
which influence housing 
delivery system for the poor. 
The identified factors could be 
related to various projects taken 

Table 3 Factors influencing housing delivery system

Sl. No. Factors influencing housing  
delivery system 
                              Case studies       

“Kalinga Kutira” Scheme 
of Odisha

Model Village Projects 
in Odisha

BSUP & IHSDP under 
JnNURM in West Bengal

1 Resource-specific

a resource centrality

b resource scarcity (non-scarcity in case 
studies)

c Gestation & Uncertainty

d Excludability

2 User-community-specific

a Awareness

b Values and Beliefs

c Socio-economic Structure

d Organisation and Leadership

e Economic Status

f Prejudices against Women

3 Agency-specific

a Locus of decision-making

b Delegation of Financial and Administrative 
Power

c Qualities of Agency Personnel

4 Programme design-specific

a Programme Objectives

b Programme Instruments

c Programme Benefits and Their Distribution

5 Environment specific/ External

a Legal factors

b Political Factors

c Policy related Factors

d Corruption Factors

 

Presence of Factor     	 Absence	of	Factor	
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up as case studies, as given in 
Table 3. 

OuTcOmE Of caSE 
STudIES
The outcomes of the case studies 
are listed in terms of challenges 
of participation and challenges 
of representativeness. The details 
of the outcome under these two 
heads are as follows:

The challenges of participation

As envisaged from above 
case studies, challenges in 
participatory approach for 
housing for the poor in India 
can be summarized in major 
points like political interference, 
red-tapeism, delay in flow of 
fund, corruption at grass-root 
level etc. before a political 
decision is taken, stakeholders 
like beneficiaries, civil society 
organizations and government 
actors are involved in the 
policymaking and this process 
is promoted as community 
participation. It is an admitted 
fact that citizens are not 
adequately knowledgeable to 
participate in complex decision-
making processes. It was found 
in the case study projects,  that 
government institutions took 
the responsibility of creating 
awareness amongst prospective 
beneficiaries and educate them 
on the concepts of community 
participation, roles of individual 
towards the same, benefits to be 
achieved from it etc. However, 
it was often found that this duty 
of spreading awareness was 

taken over by political groups 
or local leaders for gaining 
political mileage. This action 
backfired at times since the 
concept, disseminated by these 
political groups or leaders were 
sometimes found distorted 
due to ignorance of people 
disseminating the concept or for 
their vested interests. 

The actual cost to both 
beneficiaries as well as 
administration cannot be 
completely removed and should 
be carefully controlled. The real 
challenge is to justify the cost 
involved in participatory process 
with respect to the benefits 
derived out of it.  

Unless corruption at grass-root 
level can be controlled, it is a 
difficult proposition to make 
the participatory process a 
success. Major cause of failure 
of one of the case study schemes 
is corruption at the level of 
community group functionaries 
in connivance with officials of 
Government institute.   

In some cases, the participatory 
process is (or looks like) hijacked 
by political parties and as a result, 
the beneficiaries withdraw 
themselves from the process. 
In some of the case studies also 
it was found that great extent 
of political interference, even 
in the process of selection of 
beneficiaries, overshadowed the 
participatory process. A group 
of beneficiaries lost interest in 
the participatory process and the 
same lost its relevance. 

The challenges of 
representativeness 

Generally, while initiating 
the process of participation, 
following two problems are 
needed to be tackled: 
(1) selecting sample of 
participants which is involved 
in all sheds of opinion; and (2) 
at the same time, satisfying the 
common mass not involved in 
the participation process. It is 
relevant here to take the example 
of use of mini-publics, which are 
small groups of citizens, such as 
Consensus Conference, Scenario 
Workshops and World Cafes 
that are formed to deliberate 
on a particular issue. In the 
above case studies, such groups 
like Community Management 
Groups (CMGs), Village 
Monitoring Groups (VMGs) 
and bustee Works Management 
Committees (bWMCs) were 
formed to facilitate community 
participation in the schemes. 
Success of deliberation depends 
upon debates within the 
mini-public, conducted on 
the basis of facts in a manner 
that allows everyone to make 
his or her argument. Political 
equality gets enhanced through 
participatory practices in case 
of proper implementation. In 
case decisions, which are made, 
binding on the whole population, 
are directly dependent on mini-
public, the representativeness of 
the process is very important in 
terms of its validity as well as legal 
status. Selection of participants 
(including self-selection) and 
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the method of bringing all 
arguments into the process can 
deliver representativeness. 

cONcLuSION
With the lessons learnt from the 
case studies, it is felt that certain 
issues are required to be taken 
care of during implementation 
of housing projects and other 
developmental activities in 
the field of housing and basic 
services through participatory 
approach. Firstly, the 
organizers, participants as well 
as public at large should be 
satisfied with the fact that the 
participatory process delivers 
what it promises. Accordingly, 
practical and achievable goals 
should be fixed before planning 
a scheme implementation 
with community participation. 
Further, the advocates of 
participatory process should 
monitor cost-benefit of using 
community participation on 
case-to-case basis. It is also 
important that all political 
groups should realize and 
propagate the concept of non-
interference in developmental 
activities. lastly, it is strongly 
felt that system should be put 
in place to ensure full-proof 
monitoring process including 
timely reporting of progress to 
facilitate smooth flow of fund.  

 iA gram panchayat (village council) 
is the grassroots-level of panchayati 
raj formalized local self-governance 
system in India at the village or small-
town level and has a sarpanch as its 
elected head.

  iiJawaharlal Nehru National Urban 
Renewal Mission (JNNURM) was a 
massive city-modernisation scheme 
launched by the Government of 
India under Ministry of Urban 
Development. It envisaged a total 
investment of over $20 billion over 
seven years. Named after Jawaharlal 
Nehru, the first Prime Minister of 
India, the scheme was officially 
inaugurated by Prime Minister 
Manmohan Singh on 3rd December 
2005 as a programme meant to improve 
the quality of life and infrastructure in 
the cities. It was launched in 2005 for a 
seven-year period (up to March 2012) 
to encourage cities to initiate steps 
for bringing phased improvements 
in their civic service levels. The 
government had extended the tenure 
of the mission for two years, i.e., from 
April 2012 to March 31, 2014.
iii Houses made from mud, thatch, or 
other low-quality materials are called 
kutcha houses.
ivHouses made with high quality 
materials throughout, including the 
floor, roof, and exterior walls, are 
called pucca houses. 
vA slum area or shanty town.
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Ignoring last-mile 
connectivity can create 
a destructive cycle for a 
public transit system, as 
fewer riders would use 
the service and fewer 
resources would get 
invested in it. Paying 
closer attention to last 
mile connectivity can 
boost ridership and add to 
the revenue stream of high 
capacity transit system. 
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Over time metropolitan cities are 
gearing up to provide multimodal 
transport system, with emphasis 
on public transportation. However, 
providing an efficient and convenient 
public transportation facility remains a 
challenge. The Indian metropolitan and 
million plus cities are implementing 
high capacity rail-based systems as 
they have demand in favour of this 
option. However, second order cities 
are going for Bus Rapid Transit System 
that is cost-effective for this size. But 
both these systems or for that matter, 
any public transport system cannot 
run on stand-alone basis. It requires 
integration   with the prevailing 
modes to optimize its operation. 
These missing links, which offset the 
performance of public transport are 
called last mile connectivity. This 
paper presents the preferred modes of 
last mile connectivity as indicated by 
commuters. The statistics presented in 
this paper is based on field assessment 
studies conducted at five different metro 

stations in Delhi. The findings will be 
useful for cities, which are planning 
to implement similar systems for their 
cities.

INTrOducTION
In the Indian context, the size 
of the city and the percentage 
of urban trips served by public 
transport are co-related. The 
larger the city, higher is the 
average share of public transport. 
According to Ministry of Urban 
Development (MoUD, 2008), the 
average modal share of public 
transport was 5 per cent for cities 
with less than 5 lakh persons. 
This increased to 21 per cent 
for city size of 4.0 to 8.0 million 
and was reported to be 44 per 
cent in cities with population 
more than 8 million (Figure 1), 
emphasizing the importance of 
public transportation for Indian 
cities. 

RAJIV SHARMA 
RAMBABU JUPALLI

IMPROVING THE PUBLIC TRANSPORTATION 
SYSTEM BY ADDRESSING THE MISSING LINKS   

Figure 1: Existing Modal Split in Indian Cities as a % of Total Trips

City Population Walk Cycle Two 
Wheelers

Car Public 
Transport

IPT Total

< 0.5 million 34 3 26 27 5 5 100

0.5 – 1.0 millions 32 20 24 12 9 3 100

1.0 – 2.0  millions 24 19 24 12 13 8 100

2.0 – 4.0  millions 25 18 29 12 10 6 100

4.0 – 8.0  millions 25 11 26 10 21 7 100

> 8.0  millions 22 8 9 10 44 7 100

Source: MoUD, 2008.
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dELHI- THE urBaN 
TraNSPOrT 
ParadIGm
Delhi, capital city of India, has 
earmarked 21 per cent land 
area for transportation (Sahai 
& bishop, 2010), which is much 
higher as compared to Tokyo 
(13 per cent), Hong Kong (12 
per cent) and bangkok (11 per 
cent).	On	other	hand,	the	city	has	
around 7.2 million registered 
private vehicles that is more 
than the number of registered 
private vehicles of bengaluru 
and Chennai put together. An 
interesting fact is that about 
70 per cent of the road space 
is carrying merely 20 per cent 
of the total trips, made by cars 
only (Chidambara, 2015). As 
a result, the modal share of 
public transport (including bus 
and metro trips) in the city has 
fallen from 60 per cent to 45.5 
per cent during 2000-01 and 
2007-08 (RITES, 2008), despite 
introduction of bRT corridors 
and an expanding network of 
metro rail. This paper picks 
up lead from the falling modal 
share of public transport 
facilities and addresses issues 
that are responsible for this 
downfall	 trend.	 One,	 major	
concern identified is ‘last mile 
connectivity’, which has been 
examined in detail in this paper.

THE STudY ON LaST 
mILE cONNEcTIvITY
What is Last mile connectivity?

An individual’s ‘trip’ is 

understood as the entire journey 
from origin to the destination. 
Individuals may utilize a 
number of modes of transport to 
complete the journey; they may 
walk, drive, ride a bicycle, take a 
train, or in many cases combine a 
number of modes. Public transit 
agencies typically provide bus 
and rail based services that may 
form the nuclei of such trips, 
but users must fill in the first 
and last portion on their own 
or use para transit facilities. 
As a result, commuters either 
walk, drive or roll themselves 
to a transit node, from where 
they take fast and high capacity 
transit system. This is referred 
to as the ‘first or last mile’ of the 
user’s trip. Though the streets 
and infrastructure that make up 

the first/ last mile fall outside the 
Metro’s jurisdiction and control, 
they remain a vital component 
for planning an efficient public 
transit system. 

The Research Study

HudcO,	 through	 its	 research	
and training wing, HSMI 
conducted a study with an aim 
to understand the implications 
of first or last mile connectivity, 
in terms of comfort, time, space 
and cost incurred as a ratio of the 
total journey. Five metro stations 
namely, HUDA City Centre, 
laxmi Nagar, Hauz Khas, Anand 
Vihar ISbT and Jahangirpuri are 
selected for field study (Figure 
2). These stations cover different 
functional areas and represent 
preferences of a variety of user 

Credits: Rambabu Jupalli and Arunika Sharma

Figure 2: Selected five metro stations
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groups, pertaining to these 
areas.  A sample size of 460 was 
selected covering two categories 
of target groups, namely 
commuter and non-commuter 
(Private Vehicle Users). For non-
commuter group, survey was 
conducted near parking stations 
and within a kilometer radius of 
various offices. In this survey, 
it was ensured that 50 percent 
were car users and another 50 
percent were 2-wheeler users. 
The survey covered two main 
components namely ‘first mile 
connectivity	or	Origin	 to	Public	
Transport	 (O-PT)’),	 and	 ‘last	
mile connectivity or Public 
Transport to Destination (PT-
D)’. This survey was carried out 
to cover user behavior during 
peak hour (8:00hr to 11:00hr & 
17:00hr to 20:00hr) and off-peak 
hour (10:00hr to 17:00hr). 

assimilation of main findings

Modal Split

Selection of transport mode is 
done according to the type of 
trip, i.e. first mile or last mile.  It 
is observed that buses (peak hour 
27 percent & non-peak hour 25 
percent), rickshaws (peak hour 
25 percent & non-peak hour 16 
percent), autos (peak hour 20 
percent & non- peak hour 25 
percent) and walking (peak hour 
20 percent & non- peak hour 24 
percent) are the most favored 
modes in covering the first mile 
(Origin	 to	 PT)	 of	 the	 journey	
during peak hours. It is likewise 
interesting to observe that the 
share of walking (Pedestrians) 

increased to double (peak hour 
45 percent & non- peak hour 
43 percent) for last mile (Public 
Transportation to Destination) 
in both peak and off-peak hours. 
Commuters generally preferred 
to walk in the final leg perhaps to 
reduce the last mile journey cost 
as time is not crucial anymore. 
This also helps to reduce the 
overall cost of journey. In this 
survey, auto-rickshaw emerged 
as one of the most expensive 
feeder services available to the 
commuters (Figure-3 & 4).
Figure 3: Modal Split during Peak Hours 

in Delhi

 

Figure 4: Modal Split during  off-Peak 
Hours in Delhi

    

Source: Primary Survey,2015

distance, Time and cost 
incurred in last mile

The average distance covered 
for first mile in peak hours was 
4 km which is 0.5 km less than 
that during off-peak hours. 
This infers that most of the 
commuters use feeder service 
during peak hours to save time 
as the trips are meant for the 
purpose of work, education, 
shopping, etc. Study at Anand 
Vihar ISbT, HUDA City Centre, 
and Jahangir puri revealed 
that the distance travelled for 
last mile was more than 8 kms 
for the fact that these nodes 
cater to inter-state commuters.  
These commuters prefer transit 
system for safety and reliability. 
Assimilating the commuter 
preferences, it was revealed that 
for distances of more than or up 
to 8 kms, bus was preferred as 
the last mile travel option.
Figure 5: Travel Time with respect to mode 

in peak hour
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Figure 6: Travel Time with respect to mode 
in off- peak hour

Source: Primary Survey, 2015

 For distances around 1 Km 
walking, 2 kms cycle rickshaw 
& e-rickshaw and 3 to 8 km cars, 
motor-bikes, and auto-rickshaw 
are preferred to reach transit 
stations during peak hours. 
The off-peak hour’s average 
distance of rickshaw (2.23 
Km) & e-rickshaws (2.84 Km), 
motor-bikes (5 Km) and auto-
rickshaw (6.4 Km) are slightly 
high compared to peak hours. 
This is because commuters give 
more preference to the nearest 
public transportation facilities 
during peak-hour, compared to 
off- peak hours.

The travel time is an important 
element for augmenting 
ridership of a public transit 
system. The average time spent 
and cost incurred for the last 
mile reflects the quality and 
reliability of service providers. 
The modal-split of the case study 
area indicates that the average 
time spent by the commuter 
to reach transit station was 
less during peak hours (16 
minutes) as compared to off 
peak hours (21 minutes)(Figure 
5& 6). This was due to due to 
decrease in frequency of feeder 
services and consequently 
increase in the waiting time of 

commuters. Walking, though 
time consuming, was a preferred 
mode for last mile (PT to 
Destination) during both peak 
and off-peak hours, particularly 
for male respondents as 
safety was not an important 
consideration for them. 

Perceived Problems

People avoid the use of public 
transport citing many reasons 
such as discomfort, long 
journey time and waiting time.  
Public transport tends to get 
overcrowded during peak hours, 
which makes it uncomfortable 
and encourages commuters to 
switchover to privately owned 
vehicles. Moreover, journey time, 
waiting time and infrastructure 
facilities for last mile (foot 
paths, street lights, etc.) are also 
important factors that decide the 
use of public transit system. 

• Public Transport (PT) Users

For the metro users, the extra 
walking to change lines at the 
stations and distance between 
parking/ feeder service and 
metro station are factors which 
affect decision for or against 
the use of a public transit 
system. Most of the commuters 
cited problems related to over-
crowding during peak hours, 
low frequency of metro services, 
long walking distance and 
poor last mile connectivity as 
problems pertaining to the use 
of public transport. A High price 
of last mile connectivity (at times 
it may cost more than half of the 

total journey expenditure) and 
poor pedestrian infrastructure 
further adds to the woes of the 
commuters. Approximately, 49 
per cent commuters wait 10 min 
to avail last mile connectivity 
during peak hour and 30 per 
cent during off-peak hours. 
Women and elderly regarded 
current last mile connectivity 
options as inconvenient, unsafe 
and overcrowded. 

• Perception of Private Vehicle 
Users (PVU)

Almost 83% trips are made on a 
daily basis with private vehicle 
users mostly comprising of high 
and middle-income groups with 
an average monthly income 
of Rs.32,000. Nearly 40 per 
cent private vehicle users are 
traveling a maximum distance of 
more than 20 km and a maximum 
travel time of 60 minutes (1hr). 
About 50 percent respondents 
spend on an average Rs.3000 
per month on travel, which is 15 
percent of their monthly income. 

The trip purpose for private 
vehicle users was related to 
work/ education/ shopping 
or other work-related trips. 
The reasons for using private 
vehicles were long journey time 
in public transit, overcrowding, 
long and extra walking, safety 
and security etc. Almost 60% 
commuters are willing to pay 
extra Rs.2- Rs.8 if services are 
improved and 58% commuters 
are willing to use PT if Park & 
Ride facilities are available. 
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INfErENcES
Imperatives for planning last 
mile connectivity could be 
summarized as follows:

facilities for pedestrian

The pre-requisite for making a 
walkable city include narrower 
streets, broader sidewalks, 
bicycle lanes, sports facilities 
and on-street parking. It is not 
possible to have large-scale 
transit service in a non-walking 
city, because people arrive 
at and depart from transit as 
pedestrians. A small investment 
in improving pedestrian 
facilities yields multiple returns. 
It reduces blight areas and 
makes the city safe and vibrant. 
The research done in this regard 
points out that any improvement 
in the pedestrian facilities 
improves access to stations on 
foot and is directly linked to an 
increase in the system’s revenue. 
Walkability in city increases the 
use of public transport facility 
and adds to the quality of life. 

Parking at Transit stations

Every transit station should 
essentially plan waiting areas 
and parking areas in each of 
their transit stations. Sometimes 
due to restricted area, parking 
lot for private vehicles, although 
important cannot be provided 
at all metro stations. However, 
instead, properly planned and 
comfortably-designed parking 
spaces for auto-rickshaw/ 
electric/manual rickshaw/ feeder 
buses at the metro stations 

would ensure uninterrupted 
travel to destination. As of 
now, feeder services are parked 
in an organic manner, near 
traffic islands, etc. resulting in 
difficulties to the commuter. In 
the process, they not only create 
traffic bottlenecks, but also 
make it hard for pedestrians to 
negotiate their way safely amidst 
all this pandemonium. In many 
areas where cycle rickshaws are 
not permitted near the metro 
station arterial roads, they stand 
on the minor intersecting roads 
and pedestrians have to again 
negotiate speeding traffic to 
access them. Proper planning of 
station areas must ensure spaces 
for waiting & parking of private 
vehicles and feeder services. 

Station area planning with 
well-designed interface points

A station area is more than just 
an area adjacent to a transit node. 
It is a place of connectivity of 
different transportation modes– 
from walking to riding a transit 
system. The convergence and 
divergence of different modes 
seamlessly and with ease is a 
challenge that the urban design 
discipline needs to address. 
The activities in and around 
station areas, such as working, 
banking, shopping, eating, 
playing  needs to be carefully 
planned so that they do not spill 
over the neighbourhoods. The 
ease of handling commuters and 
vehicles needs to be carefully 
designed for orderly movement. 
A station area should handle with 

ease, number of connections it 
offer to its users and the multiple 
activities that occur here. Thus, 
station area plans must consider 
transportation and circulation 
issues, and urban design and the 
public infrastructure elements 
that make high quality and 
transit-oriented neighborhoods.

Bike lanes 

Metro systems are often built in 
isolation and the pre-requisites 
for accessibility by all is often not 
adhered to. However, for success 
of a high capacity transit system, 
the first mile and last mile always 
depend on reliable source of 
transport. Facilities for cycling 
to a station can make the system 
acceptable as people will be able 
to reduce cost and time by using 
them. Further, implementation 
of bicycle lanes also helps reduce 
accidents. However, there is a 
need to provide for safe cycling 
lanes to the transit stations and a 
parking place for bicycles. These 
parking places could be either 
free or at a very nominal charge.  
The bicycle lanes should be of 
high quality, well drained, tree 
lined and well illuminated. 

Transfer convenience

Integrated ticketing, integrated 
timetable and barrier free 
walking are prerequisites for 
planning lMC. To integrate 
ticketing for transit system and 
feeder system requires a revenue 
sharing model among different 
players. Delhi government is 
working in this direction and 
hope that they could come 
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up to the expectations of the 
commuters. Facilities such as 
post office, museum, bank and 
restaurants at transit stations 
increases the footfall and may 
result is contributing to the 
popularity of a transit system. 
Many transit companies have 
successfully adopted facilities of 
cycle hiring and the adoption of 
the same would help to address 
the issue of accessibility of a 
transit system.

Technology for feeder services

The pollution problem is 
increasing in cities of India and 
vehicular traffic has a significant 
contribution to that. It is seen 
that vehicles associated with first 
and/ or last mile connectivity 
are often poor in quality and 
environmental friendliness. 
With the advent of e-rickshaw, 
the problem of pollution has 
been arrested to some extent. The 
policy of government needs to 
be framed so that vehicles plying 
under last mile connectivity 
are of the same quality as the 
transit system and should use 
technology that does not add to 
the pollution problem in the city.

cONcLuSIONS
The paper identifies last mile 
connectivity as one of the 
important missing link in 
improving the efficiency of 
Public transport system in a 
city.  However, public transport 
alone may not serve the need of 
an individual. Thus, integration 
of different sub-systems is a pre-

requisite for evolving an effective 
public transport system. The 
bigger the transport system, the 
higher is the cost per kilometer, 
and the need to strengthen last 
mile connectivity is also higher.  

It is seen that lack of adequate 
and quality pedestrian 
infrastructure facilities result in 
safety and security problems, 
particularly for women and they 
prefer not to use public transport 
facility. Further, the added time 
and cost spent on last mile 
connectivity also results to non-
utilisation of high cost transit 
systems. The study has revealed 
that more than 55 per cent of 
private vehicle users mentioned 
last mile connectivity as the only 
reason for not using the metro 
rail.  Almost 58 per cent private 
mode users are willing to use 
metro if it is provided with 
efficient feeder services and Park 
& Ride facilities. 

Ignoring last-mile connectivity 
can create a destructive cycle 
for a public transit system, as 
fewer riders would use the 
service and fewer resources 
would get invested in it. Paying 
closer attention to last mile 
connectivity can boost ridership 
and add to the revenue stream 
of high capacity transit system, 
thus adding to its quality of 
service. 
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SMART WASTE MANAGEMENT
REAL TIME VEHICLE TRACKING SYSTEM (RTVTS) & FUEL MONITORING SYSTEM 

FOR SOLID WASTE VEHICLES FOR THE CITY OF BHOPAL 

this dynamic scheduling 
and routing are said to allow 
operational cost reduction, by 
reducing the number of trucks, 
the manual labour cost and the 
transport mileage savings.

PrOcESS 
Tenders for selection of agency 
for installation of the system 
were called and M/s. Incubate 
soft tech Pvt ltd. was selected 
for the installation work 
on	 BOOT	 basis.	 	 After	 the	
installation of GPS Tracking 
devices in SWM vehicles, 
the problem of ineffective 
monitoring were solved. With 
the help of Real Time Tracking 
of solid waste management 
vehicles the performance of the 
drivers is also measured in terms 
of fuel economy and vehicle 
maintenance. Service level 
Agreement and Requirements 
govern the Mobilization of 
Resources. The Service level 

in first round of Smart Cities 
challenge under Government 
of India’s (GoI) Smart Cities 
Mission (SCM) to implement 
the Smart City Proposal (SCP). 
bhopal Smart City Development 
Proposal incorporates Web 
based solutions, Technological 
solutions, Crowd Sourcing, 
Analytics, etc. The concept of 
the zero waste cities includes a 
100% recovery of all resources 
from waste materials. Currently 
50 TPD waste processing facility 
is installed at the bhanpura 
Dumping site in bhopal. The 
waste disposal can be efficiently 
managed by constantly 
monitoring the bin status, the 
garbage level and movement 
of the solid waste management 
vehicles. In addition, the bMC 
can be alerted when the bin is full 
or almost full, thus promoting 
dynamic scheduling and routing 
of the garbage collection. by 
comparing to the conventional 
static scheduling and routing, 

Municipal Corporation of Bhopal 
(BMC) is responsible for collecting Solid 
Waste from various wards in the City in 
its own vehicles. The aim of this project 
is related to Solid Waste Management 
(SWM) under Swachh Bharat Mission 
and development of open and green 
spaces. The main purpose behind this 
initiative of Real Time Vehicle Tracking 
System (RTVTS) is to manage the solid 
waste through the various technologies 
like GPS Vehicle Tracking System, 
UHF RFID Readers, IOT Sensors 
etc. along with innovative Mobile and 
Web based application to improve and 
smoothen ground level mechanism 
for waste collection and save fuel by 
routing them in efficient routes. This 
project aims at equipping all the vehicles 
with Fuel Sensors and GPS enabled 
devices to track real-time movement of 
these vehicles at command & control 
centre and transforming all the Waste/
Garbage Bins into Smart Bins to enable 
automated communication and improve 
efficiency of garbage collection with least 
latency time once the Bin is filled. 

BacKGrOuNd 
bhopal is well known as the 
City of lakes as well as one 
of the greenest urban areas in 
India. As per the 2011 Census, 
Population in the city was 
2371061 with municipal area 
of 450 sq Km. bhopal is also 
among the first 20 cities selected 

Figure 1: Monitoring Bin Status and Garbage Level  
 

 

Streamline the Solid waste/garbage transport system @ Bhopal 

Implement GPS based Real-time vehicle tracking system for Garbage carrying 
vehicles

Track Fuel consumption pattern and bring accountability to the Fuel 
spend

Effectively track Garbage collection status for better SW pick-up and disposal
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Agreement (SlA) clearly define 
the levels of service which shall 
be provided by the Service 
Provider to End Customer and 
bMC. The Service Provider shall 
provide services as per SlA 
matrix (Table 1), which defines 
maximum response as well as 
rectification times for all kinds 
of infrastructure/equipment/
Software covered under the 
contract. The Service Provider 
is required to provide minimum 
99.75% overall uptime for 
components/services, measured 
quarterly. 

The implementation highlights 
are-

•	 330	 vehicles	 implemented	
with GPS & Fuel Sensors 
–LIVE	 MONITORING	 @	
www.incubategps.in 

•	 Geo-fencing	 for	 each	 ward	
implemented to aid planning 
of vehicle trips 

•	 Software	with	R	
•	 control	 Room	 setup	 in	

progress with Videowall & 
Team 

•	 Field	Support	team	to	monitor	
the lIVE status of GPS units 
in place 

Figure 2: Efficient Collection and Transportation   

•	 Helpline	for	GPS	Field	service	
implemented 

•	 Optimal	 scheduling	 of	
garbage transport vehicles 
(Scheduling/Planning) in 
progress through Analytics 
from the Data being collected 

•	 Smart	 bin	 for	 real-time	
bin clearing management. 
Integration to the existing 
Portal for real-time 
communication is already 
completed. Hardware has to 
be procured and installed for 
a pilot implementation.

rESuLTS acHIEvEd 
Through implementation 
of RTVTS and Smart bins 
the efficiency of solid waste 
management increased manifold 
and in multifarious ways. The 
following operational efficiency 
results were achieved after the 
installation of real time vehicle 
monitoring system in solid waste 
management vehicles.

1. Reduction of operational 
expenditures 

2. Automation and optimization 
of daily activities.  

Table-1: SLA Matrix

S. No. Service category Parameter Expected 
Service Level

1 Project implementation Implementation  completion final 
acceptance testing

Completion of 
project with  in 
time limit.

2 Individual GPS 
availability 

100% uptime of the GPS should be 
available  

>=99.00%

3 individual rFiD reader 
availability and working 
of Tag  

100% uptime of the rFiD reader 
should be available  

>=99.00%

4 Vehicle  Tracking  
System  (software 
application)

Software  should  provide  all  the  
required  functionality  /  reports  
as  mentioned in this document.   

> = 99.75 %

5 Manpower The  team  should  work  daily  12 
hours,  all  the  days  of  a  week, 
generate  necessary  reports, 
subsequent  follow  up  for  vehicle 
route  deviation  and  submission  
of daily reports to AMC 

100%
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Sustainability: The cultural, 
financial, socio-economic, 
environmental and institutional 
sustainability are important 
takeaways from the Project. 
It is culturally sound with 
change in behavioural pattern, 
financially effective resulting in 
35% saving in fuel consumption, 
environmentally sustainable 
with less green house has 
emissions and institutionally 
robust with effective policies, 
regulations and management 
system.

Transferabilty: Implementation 
of Real Time Tracking system in 
solid waste management vehicles 
and RFID based Smart bin in tier 
two	 city	 at	 a	 reasonable	 BOOT	
basis with a very innovative 
mechanism on PPP model as 
implemented in bhopal has been 
recognized by state government 
as well as government of India. 
The project is highly appreciated 
and demonstrated to various 
other Municipal Corporations of 
the state for the implementation 
in other cities.

Figure 4: Fuel Tank Sensor, Mobile App, Lifecycle of SWM Vehicle

Figure 3: Bin Fill level sensor- View from outside;Sensor attachment opened

3. Real time monitoring. 
4. Data collection on route 

performance of fleet.
5. Generation of daily 

productivity key performance 
indicators. 

6. 20% reduction in collection 
trips.

7. Performance monitoring of 
the drivers improves driver 
performance, which set up a 
friendly competition between 
employees.

8. Savings on fuel costs and 
on vehicle repair and 
maintenance costs.

9. VTMS ensured regular 
clearance of garbage dumps 
and help the city to achieve 
‘Zero Waste’ status.

10. Avoidance of street bins over-
filling.

KEY TaKEaWaYS
Resource Efficiency: The future 
targets are for achieving 
additional fuel saving, vehicle 
usage efficiency by linking 
with GPS mileage reports and 
gathering data on road hours of 
vehicles.

Figure 5: HUDCO Best Practice Award  2018 being given to Bhopal 
Municipal Corporation by HUDCO
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