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Memorandum of Understanding
Between
Massachusetts Institute of Technology, Cambridge, USA (The First Party)
Aud
Shri Rum Group of Colleges, Muzaffarnagar, (UP), INDIA (The Second Party)

This Memorandum of Understanding (MOU) sets for the terms and understanding between
: Massachusents Institute of Technology (MIT), Cambridge, USA and Shri Ram Group of Colleges
~ (SRGC), Muzaffamager, (UP), INDIA for Tata Waste Systems Project (2015 — 2017).

Management of waste in an environmentally sustainable manner is a challenging task. Rapid econpomic
gmmhhlmdmgwmbmizqﬁbnmdmdmﬁaﬁmﬁungmmﬂngmw&hmmdyﬂwﬁng
the environment. Converting the wastes into some useful product seems to be of utmost importance for
the economically, socially and environmentally sustenance.

Therefore, this MOU will be serving the following Goals:

 Enable Muzaffarnagar’s transition into 2 model for the productive management of municipal &
industrial waste.

« Create the tools to guide effective design of waste value chains for any Indian context.
Demonstrate methods (lechnologies and operational strategies) to value addition to waste in
India.

e Create u living laboratory for waste systems improvement in Muzaffaroagar city.

The above goals will be accomplished by undertaking the following Specific activities:

SRGC Side:
SRGC will establish @ team comprising of faculty members and studeats from Bio Sciences,

Engineering and Management. First of all, SRGC team will identify the study wards in Muzaffamagar
city and bulk generators with the discussion with MIT team. SRGC team will collect the baseline data
for study wards as well as for large generators. Baseline data will be comprising of households
demographic and waste audit data. School awareness program will be initiated in some of the selected
schools by SRGC team with the discussion with MIT team. SRGC team will start source segregation
and composting at SRGC campus. Initial bulk generator and ward level experiments will be done by
SRGC team. The viability of biogas or other food waste to euergy will be checked by SRGC team
with the consultation of MIT team.

MIT Side: 1

/ MIT team will help in identifying the test wards in Muzaffarnagar city and bulkgenerfmrs.-'l'he
comolete seregation guide along with waste audit data sheet and demographic questionnaire will be
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provided by MET team. MIT team with the SRGC toam will analize the baseline data collected by

Communication: .
i: MIT and SRGC team:; tl:\:oughSkype.callinwery two weeks.
ii, P!dIT{USA)ﬁenmahaﬂ bnvisi.ﬁngSRGC{tudia_)inlhahumdsumwrwuy-ym.

1T Prin 2 .:PmLRmda!thimhajnmdeﬁJﬂemszw
SRGC Principal Investigators: Dr. Ashwani Kumar and Dr. M. Asif

Required Fund will be made available by TATA Centre for Technology & Design, through
Massachusetts Institute of Technology, Cambridge, USA (The First Pasty) for purchasing the
instruments, consumables/non-consumables items and manpower on demand by Shei Ram Group of
Colleges, Muzaffamagar (The Second Party). The initia] budgetary allocation for the Project is $(US) -
24000 for project operation in India by SRGC. '

Duration:

This MOU shall hecome effective ummbymmmmmmmm
Institute of Technology, Cambridge, USA and Shri Ram Group of Colleges, Muzaflaenager. 1t will
mnninineﬂ‘octumilmodiﬁcdortem_inatedby myomafthnpnm:hymmuumlnﬂm
absence of mutual agreement by the authorized officials ffom SRGC and MIT, this MOU shall end
with the completion of project i.c. upto March 2017. The period may be extended further with mutual
consent.

Partoers Information: \
MIT:

Prof. Randolph Kirchain and Prof. Jeremy Gregory

(Principal Research Scieutist, TATA Ceutre for Technology & Design)
Massachusetts lostitute of Technalogy, Cambridge, USA

Telephone: Fax:

E-mail; kirchain@mit.edu, jgregory@mit.edu

Date: |5-0]- 2815

(Prof. Jexemy Gregory)

SRGC:

Dr. Ashwauni Kumay and Dr. M. Asif (Shri Ram Group of Calleges, Muzaffarnagar, UP, INDIA)
Phane: 0131-2661633

Fux: 01312620890

E-muil: ashwani_biotecb@yahoo.co.in, asithest@gmail.com

Date: |5- ol - 2005
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Date: 19.01.2015

To,

Dr. Pankaj Kumar, Deptt. of Business Administration &

Dr. Ashwani Kumar, Deptt. of Biosciences

Shri Ram College, Muzaffarnagar {

® |
Dear Sir,

We are pleased to inform you that the Project Proposal entitled " Waste
Management System in Muzaffarnagar City" submitted by you to the
Management Committee, which is related to Company/Organisation Massachusetts
Institute of Technology, Cambridge, USA has been approved and a amount of

124000 has been sanctioned for the Project in your department.

So, Please take necessary action for timely completion of the project.

~
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Sanction Letter
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4. Checking of expense bill.
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Development of a Decision Support Tool for Planning

Municipal Solid Waste Management Systems in India

Abstract

The present work focuses on helping Indian cities improve collection,
transportation and ireatment of waste by developing a GIS-based decision support
tool that assesses the cost effectiveness and efficiency of collection strategies,
treatment technologies and system configurations. The tool considers the unique
clements of acity including the demographics, waste composition, scae, existing
infrastructure lor waste collection and trcatment and potential for implemlenting new
technologies. Understanding the prevailing waste management architecture of these
cities is vital in designing systems which adapt to meet the needs of the growing
population with changing aspirations and consumer behavior. There is a lack of
bottom-up dala on the compesition and volumes of waste in India. Our data-driven
decision-makimg approach cembines baseline data collection through waste audils
with 2 sysicms optimjration modeling approach. By using the tool (0 evaluate the
economic, environ- mental and social impact of different technology configurations
at varying scales, we are able L0 quantify the expected performance associated with
different architectures. The decision support tool can be used to find thi: minimum
cost wasle configuration that considers both environmental GHG cmissions and
employment, by constructing trade-off graphs betwcen competing goals. A
conipromise solution that satisfies compcting goals is obtained at the turning point
ol the trade-off graphs.

We also test the feasibility of improving the segregation rate in Muzaffarnagar
and the impact segregation policies have on the metrics of the waste system. From
the waste audits, we see that Indian households have a high composition of organic
wasle and waste gencration increases with income level. By implemenliig a weekly
{ecdback social incentive mechanism, we sce that the segregation ratc of organic waste
by households increascs to pearly twice than thosc households that were given no
feedback. ‘The tool shows that as the segregation rate of the city increases, the costs
and GHG emissions reduce, while the employment of the waste system increases.
The level of centralization of the system reduces as the level of segrcgation of waste
increases, that is, the system moves towards smaller scale processing plants instead
of large scale centralized plants.
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Chapter 1

Introduction

1.1 Problem introduction

Municipal solid wasle management (MSWM) is a significant challenge for city au-
therities in developing countries mainly due to the increasing generation of waste,
rapid urbanization, rise in community living standards and the burden posed on the
municipal budget as a result of the high costs associated with its management. It is
common for municipalities in developing countries to spend 20-50% of their available
municipal budgel on MSWM and in spite of this expenditure, 30-60% of all urban
municipal solid waste (MSW) remains uncollected and ofien only less than 50% of
the population is served (UNEP, 2009).

The Indian waste landscape is changing rapidly as the population grows, the com-
position of the wastc generated evolves, the exlent of waste scgmcntationJchmges and
the technologies availuble to collect and process waste improve, Municipal waste is
rarcly segregated at the household level. Some cities colleet the mixed non-recyclable
waste streams and take them to centralized dumps or incinerators, but these are
becoming increasingly unpopular with Indian citizens due to the health and environ-
mental risks for the extensive populations that live near these sites. Somg cities have
banned waste going to dumps or incinerators duc to outery from chizcrI living near

the sites, even though there is no immediate altermative mecllainism_ for handling the

2 ] i el
. . P Lo i t'.h le i
mixed waste. SSANRIRI™"
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Many solutions have been proposed for dealing with the mixed waste in|lndia, such
as automated segregalion and then composting or energy generation with the separate
waste streams, but the most appropriate solution for a particular context is difficult to
quantify. Thus, decisions are often made without considering the lnng-terrr cconomic
or environmental consequences. The end result is a lost opportunity to transform
the mixed non-recyclable waste into value in the form of energy or compostable com-
modities. Source scgregation of waste into different streums (organic/food waste,
recyclubles and inorgauic nop-recyclable waste) creates a valuable source of input for
biogas and composting technologies. However, it requires awareness and behavioral

change at the household level. |

1.2 Thesis objectives

This thesis focuses on helping [ndian citics improve collection, transportation and
treatment of waste by developing a GIS-based decision support tool. This will enable
syslem designers to identify a waste management system architecture ttTat cansiders
the unique elements of a ¢ity including the demographics, waste composition, scale,
existing infrastructure for waste collection and treatment, and potential for imple-
menting new technologies. The tools will be geperalizable enough to he applied in
any city, but the emphasis will be on small te mid-sized cities. We willtst the tools
using the case of the city of Muzaffarnagar.

This thesis aims 1o answer the following questions to help Indian ciIics design a
context-specific waste management syslem:

What capacities of processing plants, technologies and system config-
uration make the most sense to deploy, considering multiple constraints
and metrics such as cost, environmental impact, space constraints, social
impact, ete.?

In the [ndian context, generally city plunners and policy makers have muliiple
objeclives when designing a waste management system. These ohjectiujcs are often

o & 3 2 = e
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competing and there are wade-offs between multiple objectives. Socnmtio analysis
arc done to decide the optimum technology and capacity of processing plants to
meet competing objectives. Some of the technologics currently being used in the
Indian conlext nclude biogas and composting for organic waste and pelleltization for

morganic waste.

In case of a decentralized waste system, what are the optimal locations
of the processing centers within city limits?

A centralized system reduces f:mccssing cost due to economies of scale, but trans-
porlation costs are increased due to the long travel distances from the waste gener-
ation points to the processing center or landfill, generally located at the outskirts of
the city. A dccentralized system minimives transportation costs. [lowever, capital
investment and unit operation ¢osts are higher because of the im:rease«.' number of
disposal sites that do not achieve economics of scale. Locating the decentralized pro-
cessing centers at the optimal location in the city involves taking into account the

transportation distances between the waste generation points and procesging centers,
How can source segregation of household waste be increased?

Source segregating waste at the household level into (hree streams: organic/food
waslc.l recyclables and inorganic non-recvelable waste, increases the quality of the
wasle going to the various proeessing technologies. Biogas and composting in India
currently involves passing tixed waste through several filters to sepuratsffe organic
waste, which is then used for processing into biogas and compost respectively, How-
ever, separating the organic waste invoives extra processing cost and the compost
produced from mixed wasle is of poorer quality than that produced f'ronl source seg-
regated waste. We hypothesize that source segregation of wasle reduces processing
cost but increases operating costs due 1o the extra infrastructure and collection trips

required for the segregated waste. Also, costs vary depending on the ﬁcrccma.ge of

the city participating in segregation CERTIFIED
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1.3 Methodology |

[n order to develop the tool, we will fake the [ollowing steps. Virst, we will gather data
about the current baseline performance of the existing waste management system.
Then, we will build a tool to model the current and possible system al’chitcctures
and evaluate the performance of the system. Next, we will test modifications ta
the waste system by identifying and testing strategies to improve household waste
segregation. Finally, we will usc the tool combined with data from thJ field afler
system modifications to identify, implement and evaluate potential solutions, policies

and further modifications to the waste system.

1.4 Thesis overview

The structure of this thesis is as follows: Chapter 2 details (he current Iinstituﬁonal
frameworks and stakeholders goveming waste management in India. The bascline of
waste flows of the current waste system is quantified using & botlom-up data col-
lection approach in Chapter 3, considering Muzaffamagar as a represenTﬂuvc [ndian
city. Modifications to the current waste system are hypothesized in Chapter 4 and
a behavior change mechanism to improvc segregation ol organic waste at the house-
hold level is tested (hrough a pilot study. Chapter 5 focuses on the development
of the decision support tool and discusses the applicability of the wol in the Indian
context. A literature review of the existing decision support tools is undertaken and
system optimization is identified as the modcling approach to be used ix;I:elopmcnt
of the decision support tool. The tool is then applied to the city of affarnagar
to evaluate the economic, environmental und social impact of dilTerent technology
configurations at varying scales and levels of scgregation. Finally, Chapter 6 recom-
mends policies and technology options for Muzaffarnagar and other IndJa.n citics and

discusses limitations and possible future improvements to the decision support tool.

CERTIFIED




Chapter 2

Legal and policy framework for waste

management in India '

i
Though there are policies governing the handling and processing of MSW in India,
there is no clear implementation and monitoring of these policics. In this chapter,

we will discuss rthe existing policies and regulations governing waste management in

India, in order to understand the institutional framework within which F'lc decision

support tool should operate.

2.1 Policies and regulations

"The formulation of municipal waste policy and administration is done at/the national
level by the Ministry of Environment, Forest and Climate Change (MoLT), the Min-
istry of Urban Development and the Central Pollution Control Board. The Ministry
of Environment, Forest and Climate Change is empowered by Environment (Protec-
tion) Act, 1986 to provide the regulatory framework for managing ml.ﬁnicipal solid
waste and various other waste types in India. ITowever, the responsibility of funding
and monitoring is donc at the state government and the urban local bodies (ULBs)
level. According to the Indian Constitution, solid waste management iJ a state sub-
ject and included in the 12th Schedule of the Constitution (74th Amendment) Act
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of the municipal governments (Mani and Singh, 2016), ULBs are in ¢

actual service delivery either by itself or through public private parinerships. ULBs

are classified into four major categories: municipal corporation, munici

ity, 1own

ares committee and notified area commirtee. The major policies goveming wasic

management in India arc detailed below.

2.1.1 Municipal Solid Waste Management Rules, 2000

The first set ol rules governing waste management in India were the Mun’icipal Solid

Waste Management Rules, 2000. The responsibility for SWM management lies with

the respective Urbun Local Bodies (1JLBs), consisting of municipal ¢
municipalitics, nagar panchayats, etc. (collectively referred to as the *A
The Municipal Solid Waste (Management and Handling) Rules, 2000, i

Drporations,
uthorities").
ed by the

MoEF,Government of India. under the Environment (Protection) Act, 1986, prescribe

the manper in which the Authorities huve lo undertake collection,
storage, transportation, processing and disposal of the municipal §
generated within their jurisdiction under their respective governing legis!

Compliance with the MSW Rules requires thal appropriate sy

infrastructure  facilities be put in place to undertake scientific

egation,
olid waste
ation.
ystems  and

collection,

management, processing and disposal of MSW. However, the Authoritips are often

unable to implement and sustain projeets to enable scientific collection, nf

janagement,

processing and disposal of MSW (Annepu, 2012) due to resource wjd expertise

constraints.

2.1.2 National Urban Sanitation Policy

The policy was prepared by the Ministry of Urban Development in
objective of the policy is ‘to transform urban India into community-dr|

sanitized, healthy and livable cities und towns™. The policy stresses upo

2008. The
ven, totally

1 aWarcness

and behavior change, open defecation free citics and integrating sanilatipn in all the

otheraspects of cities (1LERT, 2015).
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213 Swachh Bharat Abhiyan

The Swachh Bharat Abhiyan (Mission) was launched in 2014, The mai‘l:bjcctivcs

of the mission include climination of open defecation, eradication of man

ing, modern and scieotific municipal solid waste management, 1o ellcel

scaveng-

behaviorul

change regarding hcalthy sanitation practices, capacity building [or ULBs, and (o

create cnabling conditions for private participation in capital investment
tion and maintenance. One ol the overall objectives is to achieve scientific

management in 4041 cities/towns for 306 million people (TERI, 2015).

2.1.4 Municipal Solid Waste Rules, 2016

In 2016, the MaFEF rovised the Solid Waste Management Rules after si

and opera-
solid waste

tleen years.

The upplicability of the new rules extended beyond municipal arcas and to wban

agglomerations, census towns, notified industrial townships, areas under

the control

of Indian Railways, airports, airbase, port and harbor, defense establishinents, spe-

cial economic zones, State and Central government organizations, places

religious und historical importance.

The Municipal Solid Waste Rulces, 2016, has created a provision for m;
processing facilities mandatory in local badics with a population of | mill
within two years. In the case of census towns with a population below

selling up common, or stand-alonc sanitary landfills by, or for all local bo

bf pilgrims,

ing waste
on or more
1 million,

ies having

0.5 million or more and (or setting up common, or regional sanitary lanfcfjllls by all

local bodies and census towns under 0.5 million will have (o be comple
years. A sanitary landfill is a pit with a protected bottom wherce trash

layers, compacted (pressed down to make il more solid), and covered.

in three
5 buried in

A sanitary

landfill can reducc harm from waste that has collected, and is safer thun an open

dumping site.
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2.2 Institutional framework for MSW in India

Figure 2-1 below depicts the institutionul framework of municipal solid waste manage-
ment in India. The two common methods employed by the ULBs are either handling
waste management operations on their own or via a private sector player (private

waste management company) through a public privatc partncrship (PPP).

Rilas for acienn fie Tomnutanes potey, . ! thombea SP0Rs o
Fearugveens of MY ' prepaes [fdiehmes, iy - wntiengaa? ULSs
beachmeghs wo g o 7

Figure 2-1: Institutional Framework for MSW Management {Athena, 2012) Legend:
CPP - Community Participation Partnership, MSW - Municipal Solid Waste, PPP
- Public Private Parinership, SPCB - State Pollution Control Board, SIWM - Solid
Waste Management, ULB - Urban Local Body

2.2.1 Urban local bodies l

The responsibility for SWM management lics with the respective urban local bodies
{(ULBs), consisting of municipal corporations, municipalities, nagar panchayats, etc.
With the implementation of the SWM Rules, 2016, more emphasis hqu been placed

by the Indian government in making sure that household waste is processed or dis-
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posed of in a sanitary landfill. There are around 3060 urban local bodies 1n charge of

wasle management.

Limitations |

Many of the urban Jocal bodies do not have the expertise or the resources to handle
SWM as stipulated in the SWM Rules, 2016. This has resulted in many of the ULBs

outsourcing their waste management operalions 1o private waste cumpaq'ies.

2.2.2 Private waste management companies

In India, national legislation governs the management of waste by local deics. While
the public policy is passed by the national govermment, il is the responsibility of the
local governments to ensure compliance with the legislation. As a result of these
stringency of the national legislation, many municipalities are partnering the private
waste management companies via PPP. The private waste companies are hired after
a competitive request for proposal (RFP) process where the companies submit blind

There are about 20 private wasle management companics in India. Some of them

bids for cost estimates.

include: A2Z Infrastructure, Mumbai based Fssel Infraprojects, Mumbai based Han-
jer Biotech, Jindal group’s JITF Urban Infrastructure, Ramky Enviro]Enginecring
Limited, Swilzerland based Satarem Enterprises, UAL based Trimex, Delhi based
Unity Inlraprojects Limited and Mumbai bascd UPL Environmental Engineering Lim-
ited. The market is highly fragmented with a large number of players, |

Limitations
I

daily as per their public privatc partnership contracts. ‘There is a possibility that

The private waste companies are paid according to the tons of waste they collect
a given company may try to manipulate the amount of waste collected to garner
higher revenue. Contracts need to be negotiated in a manner that creatl:s incentives

for the private wuste management companics to collect waste und process il ina
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scientific manner. An additional concern is that when private companics take over
waste management they displace the municipal government employces whom the city
was previously paying for waste collcction, This could cuuse social urkrest as the
workers protest the introduction of operations by the private waste company. The
private companics should be encouraged by the municipal corporations to find ways
to integrate the existing waste workers into the private waste company’s pperations.

2.3 Informal sector

The [ormal sector in waste management in India is nsed to describe thle activitics
carried by workers with wage employvment of a permanent nature, either with the
government or in the private wastc management companies. The formal sector is
governed by Lhe various waste management rules and legisiation passed by the Gov-
ernment of India.

The informal scctor is defined as unorganized or informal workers Iacking em-
ployment, work or social security. The informal sector operates outsitilc the legal
framework and is often prevalent in developing countrics. Most of the recyclable
waste is collected by the informal recycling sector in India before it is ¢ollected by
the formal system. Some estimates indicate that the informal sector recycles 20.7%
of recyclables from the formal system (Annepu, 2012). The informal secltor includes
waslep_ickcrs, rag pickers, kabadiwallas, itinerant waste buyers and junlﬁ-sellers. Ef-
forts have been made by the state governments and non-governmental organizations
(NGOs) to integratc the informal workers into the formal system. however there is

no national policy governing the informal seclor.

24 Summary |

As seen from the examination of the current waste policies and the institutional frame-

work of waste managcment in India, handling waste is largely the responsibility of the
|

municipal government. It is becoming more common for the municipal 'government
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to outsource its waste handling (o a private wastc management companyy through a

public private partnership. There is also a lurge informal sector that operates outside

the legal framework, separate from the privatc waste management company. These

stakcholders need to be considered while devcloping the decision support tool. In the

next chapter, we will discuss the various stakeholders and existing policigs in Muzaf-

farmnagar, a representative Indian city, and then calculate the baseline of clurent waste

flows in the city.

22
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Chapter 3 |

Muzaffarnagar as a representative

Indian city ‘

To investigate the quantitative and qualitative aspects of wasle management in India,
we chose the city of Muzaffarnagar. 1t is located in the state ol Uttar Pradesh, in
Nerthern India. In this chapter, we will investigate the currem waste system in
Muzaffarnagar by collecting waste generation data through waste | audits and
surveys. Using the data collected, we will consiruct the current baseline of waste
flows. The bascline of waste flows will be used in Chapter 4 to test segregation

policies and in Chapter 5 to develop the decision support ool,

3.1 Motivation for studying Muzaffarnagar |

MuzulTarnagar is justified as a representative Indian city in the uase.smdy for a
number of reasons. Muzaffarnagar is located sbout 125 kilometers north-east of the
national capital, Dclhi inthe Indian state of Uttar Pradesh. It has a population of
392,768 and 68,975 house- holds as per the 2011 census, with a decadal growth rate
of 18.42% (Office of the Registrar Gencral and Census Commissioner, [ndia, 2014),
As per the 2011 census, there were 497 cilies in India that represent 19% of India’s
population. A cily is de- fined as having u population of more than 100,000 people.
90.5% of Indian cities (350citics) have populations between 100,000 pcople and one
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million people. 108.3 million people live within the boundaries of these 350 cities,
comprising 48% of India’s total urban population (Office of the Registrar General
and ansus &)mmish'ioﬁcr. India, 2014). While a number of studies have been
conducted studying the waste generated from million-plus urban agglomerations in

India, data on waste generation studies from these smaller cities is scamlr
being the

Muzaffarnagar is an important industrial city with sugar, steel and pa
major industries. More than 40% of the region’s population is engaged in agriculture
(Office of the Registrar General and Census Commissioner, Indiz, 2014). According to
the World Bank, 51% of India’s population is cngaged in agricultural activity, which
is detincd as individuals dependent on agriculture, hunting, fishing, forestry for
their hivelihood (World Bank, 2010). Muzaffarnagar is an accurate representation of
the labor composition of India due to the similar propertions of population cngaged
in agriculture.

The Tata Center and the city of Muzaffwrnagar have a long relationship, as the
mayuf of Muzaffarnagar, Mr. Pankaj Aggarwal, has hosted projects from MIT in the

past. Support extended by the local municipal government is crucial fin obtaining

data, conducting studies and testing policies in the city.

3.2 Muzaffarnagar’s waste system

3.2.1 City-specific waste policy

Under the national Solid Wastle Management (SWM) Rules, 2016, the District Mag-
istrate or the Deputy Commissioner of the concerned district shall have the overall
responsibility for the enforcement of the provisions of the SWM rules within the ter-
ritorial limits of their jurisdiction (Government of India, 2016). The Jmaﬂhmagar
municipality does not have any separate wasle policy governing waste collection or

waste segregation for households and large waste generators, CER T| F‘ED
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3.2.2 Background

Until 2010, the Muvalfarnagar municipal waste workers collccted waste from house-
holds and dumped the waste in a large dumping ground. None of the waste was
processed or treated.  In 2010, the Muzalfarnagar Municipal Cuqmra.j:n signed a

ten year contract with A2Z Infrastructurc Limited, a private Indian gompany, to

meet Muzatfurnagar’s waste needs. The contract covered collection, tralnspamtion,
processing and treatment of waste as an inlegrated wasle management system. House-
holds were charged a new fee of Rs. 30 for door-te-door collection. As per the
contract, the Muzaffarnagar municipality would pay A27 a tipping fee per ton of

waste collected.

A27Z constructed a waste processing lactlily at the outskirts of the’ city, which
passes the waste through a series of filters in order to either be composted at the 120
ton capacity composting plant or made inio reluse dried fuel (RDF). The remaining

waste afler being passed through filters and processed would be lundfilled.

|

Around 180 door-to-door A2Z waste workers collect waste from approximately 65,000

3.2.3 Logistics

households in MuzafTarnagar. Though houscholds were expected to separate their
organic and inorganic waste al the household level, this was not strictly enforced and
the waste was collecled unsegregated. The waste workers collect the w|.’Lste in cycle
carts and then dump the collected waste in one of the 45 collection points located
throughout the city. Then, A2Z dumpers (each of 7-8 ton capacity} collect the waste
from ihe collection points and transport it to the waste processing facility. Municipal
workers also participate in the waste system collection by street sweeping - they also
dump the waste at the 45 collection points located throughout the city. A2Z also
collects waste door-to-door from commercial establishments in the city. However,
large generators such as restaurants and hotel primarily dump their waste directly at

the collection points instead of utilizing the door-to-door collection service.
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3.24 Stakcholder analysis

The major stakehelders in the municipal solid waste management svstemn in Muzaf-

farnagar include:
1. The Muzaffarnagar municipality, the local municipal government along with
the mayor, Mr. Pankaj Aggarwal
2. -A2Z Infrastructurc Limited, the private waste collection organigation, con-
tracted by the municipality for a period of ten years (till 2021)
3. ITouseholds, who generate waste to be collected by A2Z
4. Large or bulk generators, such as hotels, malls, marriage halls, |etc., which
generate Jarge amounts of municipal solid waste
5. Kabadiwalas, informal wuste collectors who collect recyclabies from households
6. Private sweepers, employed on an ad-hoc basis by households tg sweep and
clean households

The below Figure 3-1 shows how the stakcholders interact with one gnother:

/‘»‘ ""\,\‘
( Meteriats
l\ Regyeling |

Figure 3-1: Institutional structure of the Muzaffarnagar waste system (Danck, 2015)
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Muzaffarnagar Municipality

Currently the municipality spends 35% of its total municipal budget on the waste
management system. 30% ol'the budget is used to pay the municipal workers involved
in street sweeping while the remaining 5% of the budget covers the munidipal tipping
fee payment to A2Z. The municipality is responsible for waste managemej and it pays
A2Z, the private waste company, to collect the waste. Currently, the municipality is
realizing huge financial losses in supporting the existing waste management system,.
The municipality could enact a policy such as a waste tax or mandatory household
wastc scparation, to reduce its financial burden. However, if the measures are too
stringent, this could have political ramifications for the mayor. The local government
has u high degree of influence on the wuste system since interventions to improve
houschold waste segregation and adoption of appropriate waste to energy technologics

are possible only with the cooperation of the Jocal government.

A27 Infrastructure Limited

A2Z Infrastructurc Limited is a large Indian waste management company. As of 2014,
A2Z had contracts with 24 Indian citics to develop and run their MSWM systems.
A2Z is mandated by their contract to collect waste in Muzaffarnagar till 2021 and
therefore has a monopoly on the control of the operations of collection, tr+nspunntion
and processing of waste in Muzaffarnagar. A2Z has three revenue streams: tipping
fees paid by the municipal government, revenue generated from the sale of compost
and revenue generated from the sale of RDF. A27 is currently realizing a [inancial
loss on the waste management operations in Muzaffarnagar, As per their contract,
they are allowed 1o keep whatever profit they make from sclling the waste products.
However since the households do not give segreguted waste, A2Z sp'cndsl substantial
resources separating the waste to make compost and RDF. Alsc, there have been
disputcs between A27. and the municipality regarding payment of the tipping fees.
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Households

The houscholds pay a tipping fee to A2Z ($0.50 per month) for their waste manage-
ment services. However, some of the houscholds do not use the service and dump
their waste in unmarked dumping sites. All the houscholds need to use A2Z’s system
for minimum revenue. Though the current waste management system is ficial to
the households &s the cost of collection is relatively low, indiscriminate dumping could
eventually lead 1o negative health conditions. Cooperation of houscholds is required
to make A2Z’s operations profitable and the system efficient. Currently households
do not segregale their waste but measures such as mandatory scgregation of waste at

(he household level would allow the waste system to operate more efﬁciTntly.

Large or bulk generators

Large or bulk gencrators arc restaurants, hotels, malls, marriage halls, etc., which
generate large amounts of municipal solid waste. Currently, the large generators
arc the major beneliciaries of a poor wastc management system as they dump their
waste without extra fees. Most of the bulk generators are not covered l:!y A2Z and
they typically dump their waste on the street. Bulk generators, if brought under
A2Z’s coverage, will have to pay more fees and hence would oppose any restricting
regulations. The wastc from the bulk generators is predominately food waste, they
can play a central role in city-level composting efforts if they directly give segregated
food waste to A2Z.

Kabadiwalas

Kabadiwalas are the informal waste collectors who buy recyclables from households.
The recyclables are directly collected from the household and A27. does not receive
a share of the profits since they are removed from the waste stream before reaching
A2Z. Households are incentivized to segregate their recyclables as they are paid by
the kabadiwalas for them. In tumn, the kabadiwalas sell the houscholds bought from

3 i A ' % o - '
the houscholds to large wholesale recyclers. weERIIFICDUD
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Private sweepers

Private sweepers are employed on an ad-hoc basis by households to sweep and clean
houscholds. Many of the privatc sweepers were employed as municipal waste workers
before A2Z was contracted and they opposed the introduction of A27 in Muzaffama-
gar. The privatc sweepers are paid to clear waste from the households butoften dump
the waste on the streets, instead of dumping trash in A22’s 45 designated collection

points.,

3.2.5 Key issues in Muzaffarnagar's waste system

There are several issucs in Muzaffarnugar’s waste system, affeciing the 4mkcholdcrs
involved. Not all households are being served by A2Z and collection is restricted to
those households located near the 45 collection points. As a result, there is waste
on the streets since some houscholds and bulk generalors dump waste instead of
using A2Z’s services. Lack of segregation by households forces A27. to pass the waste
through a series ol filters, which increascs time for processing, electricity usage and
costs. The waste system as & whole is financially unsustainable. The municipality
spends a substantial pertion of its budget on paying fees to A2Z and the municipal
waste workers. Several households do not pay collection fees and bulk generators do
not pay at all as they dump waste instcad of using A27’s services. A2Z also has a
limited downsiream market for non-recyclable by-products such as compost and RDF.
This is due to multiple reasons such as lack of education of dovmstrcaj:l customers
and also lack of consistent quality of these products. These issues, coupled with a
lack of information on the waste system performance, makes improvements to the

waste system a difficult challenge.

3.3 Baseline of the waste system flows |

A27Z collects data on a daily basis on the amount of wasie collecied from the city.

However, there is a lack of bottom-up data about the quantily und composition of
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waste generated by the various sources of waste in the city. There is
of data on the destinations of the generated waste. Data on the com
quantity of waste generated at the municipal level is crucial in order o pl

system with the appropriate collection strategics, trcatment technologi

also a lack
osition and

the waste

and system

configurations. Though the new Solid Wasie Management Rules 2016 stipulate that

local bodies should submit annual reports to the State Population C
(Government of India. 2016), currently most local bodies do not collect
on the waste system. In order to collect bottom-up data on Muzallarng
system, a varicty of methods and data sources were used such as census

audits and surveys.

3.3.1 Approach

trol Board
etailed data
jpar’s waste

data, waste

In order to calculate the bhascline of waste flows in Muzallarnagar, we l.Ecd primary

and secondary sources of data to estimarte the waste generalion of the v
sources and thc destinations of wasle. First, the waste sources and
were identified by interviewing the A2Z management. Then, the quant
composition of waste from the various waste sources was completed by

sample waste audits and surveys. This dala was then scaled up (o th

ious waste
destinations
fication and
conducting
e entire city

using demographic data obtained from the 2011 census. The quantification of waste

at the destinations of waste was completed using data from the A2Z o
Using the data obtained {rom the census, income data, waste audits, by

surveys, household surveys and informal sector surveys, we are able to

nanagement.

Ik generalor

quantify the

baseline ol daily waste flows in Muzaffarnagar. This baseline can theg be used as

input for the development of the decision support teol.

3.3.2 Feasibility of the approach

Several bascline data collection and behavior change pilot implementatign steps have
been carried out with the help of the faculty and students of the Shri Ram College
(SRC). This involvement of facullics and students was necessary due tp the limited
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time available for field visits. The combination of field visits and study conducted

allows the implementation of system-level modifications throughout the year.

3.3.3 Methods of data collection

Census data

[n order (o collect information aboul the demographics and population of:MuufFann-
gar, we used data from the 2011 census. Population per ward was obtained from the
census. Dara from the census was also used to enumerate the number of commercial

establishmenls, restaurants, holels, etc. in Muzaffarnagar.

Income data

Since the census of India does not capture the income data of households, we used
the circle rale data [rom the municipality as a proxy to estimate the income level of
households in a region. Circle rates are a mcasurc of the property values per square

kilometer in a neighborhood.

Waste audits

[n order to estimate the quantity and composition of waste generated by househclds,

waste audits were conducted in select neighborheods.

Bulk gencrator surveys
onJ,. surveys of

In order to estimate the quantity of waste generated by bulk generar
selected bulk generators were conducted. Bulk generator audits werc not conducted

due to limitations on the resources and time of the SRGC tfeam.

Household surveys

Household surveys were conducted to supplement the waste audit data, in order 10
quantify the number of people per houschold and thereby calculate the per capita
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waste generation.

Informal sector surveys

Surveys were conducted with the informal sector of door-to-door kabaﬁliw&hS. ag-
gregators and wholesale recyclers, in order to quantify the recyclable wadle collected

outside of A27s operations.

3.3.4 Procedure
Houschold waste audits

The aim of conducting waste audits was 1o understand the composition gnd quantily
of household wastc streams in Muzaffamagar and compare differences based on income
level.
Six neighborhoods of 30 households each were selected. Two higher in¢ome neigh-
borhoods (New Maundi and Gaushala Road), two middle income neighborhpods (Gandbi
Colony and Teachers Colony) and twe lower income neighborhoods (Qf
and Kashi Ram Awas) were identified using circle rate data from the municipality and

intervicws with the mayor and the SRGC research team. However on
panison of Muzaffarnagar ¢ircle rate data with circle rate data collected from Pune
(99acres, 2016), we sce that there is nol much distinetion in income lev
the middle and higher income neighborhoods in Muzaffarnagar. 1lence, we removed
the highey income ncighborhoods from the audit and referred to the middle income
neighborhoods as upper income neighborhoods. .

Waste was collected from these six neighborhoods over a period of eight weeks

spanning from October Lo December 2015. Waste was collected once a weck, usually

on the same day of the week, in a large gunny bag by the A2Z collector. The waste
bag was then handed over to SRGC. Once the waste was hunded over to SRGC, it
wus taken to a sorting room at SRGC campus. With the help of two trained waste
pickers, the waste was sorted into 32 categories as mentioned in the wastg audit sheet

(Appendix A). Once the waste was sorted, it was weighed and noted down according
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to category. The waste was then averaged over the cight weeks for each category.

Bulk generator surveys

Select bulk generaters from each of the generation categories including h«t&js. restau-
rants, banquet halls, cinema halls #nd shopping malls, were selected as shrvey recip-
ients. Ten rcpresentative bulk gencrators of varying scales were selected from each
category. Surveys were conducied in order to quantify the daily customer footfall and
waste gencration (Appendix F). This data was then used to estimate the annual waste
generation according to bulk generator category. The number of bulk generators in
each category was identified from city-wide surveys as well as census d!+'d, The data

was then scaled up by using the sample survey dala for the entire city.

Houschold surveys

[Tousehold surveys (Appendix B) were conducted in the six neighborhoods where the
waste audits were conducted. The surveys were conducied door-to-door to collect
demographic information about the number of inhabitants per houschold, in order to

calculate the per capita waste gencration from the waste audit data.

Informal sector surveys

Surveys of the door-to-door kabadiwalas, aggregators and wholesule recyclers (Ap-
pendix C) were conducted in order to identily the neighborhoods in which they op-
erate as well as the composition, value and quantity of waste collected on a monthly
basis. The informal sector workers to be surveyed and their locations were identi-

fied based on interviews with the houscholds as well as commercial cslnblishmcnts
in the arca. Filteen informal sector workers werc surveyed in total, five door-to-door

kabadiwalas, five aggregators and five wholesale recyclers. C EPT!F!F_ l"ﬂ
33 ¢
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3.3.5 Results
Household waste audit results

As shown in Figure 3-2, we see that the majority of household waste is orggnic and also
the waste generation increases with increasc in income. The lower incone per capita
wusle generation is 132 grams/person whercas the upper income waste generation is

201 grams/person.

Daily Per-Capita MSW Generation
(Residenta! Collected)

250
oy
2
"é' —= 200
3 9
2 E’ 100 @ Regyclable
i1
S # Organic
== 50
[1¢]
o

0

Ltower Income Upper Income

Figure 3-2: Daily per-capita generation of organic, recyclable and refuse material

Using the circle rate and census data, we can classify the percentage| of the pop-
ulation in the lower income (41%) and higher income (59%) income groups. This
data is then used to calculate the composition of waste {or the catire pppulation of
Muzalfarnagar. As shown in Figure 3-3, we see that there is a high [rgction of or-
ganic waste; nearly two-thirds of the lotal wastc is organic. Also plastjc forms the
largest recyclable fraction at 9% of the tolal waste, followed by paper at 6% of the

lotal waste. Other recyclables such as glass and metal are negligible. Hpwever, this

composition represents the waste collected fram households by A27.. Sincd households
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also give their recyclable waste directly to door-to-door kabadiwalas, the portion of

recyclables in the acrual houschold waste may be underrepresented.

Composition of Residential Municipal Solid Waste

clectronlcs

sanitary waste,
~.. 0%

2%

mixed material

1%
toxtiles .-
5% "
glass =~ L
1% metat
1%
paper
6%

Figure 3-3; Composition of residential municipal solid waste

The higher organic fraction in municipal solid waste is similar to studieJa conclucted
in other Indian cities (Perlman, 2015). Studics on the composition of municipal solid

waste in the USA show that 37% of the municipal solid waste is organic (U.S. EPA,

2014). Appropriate technelogies should be considered to utilize the large percentage

of organic waste in the Indian household waste siream. i

Bulk generator survey results

The bulk generators were classified as large, medium and small based on number of
daily customers. From the surveys, we estimate that large bulk generators generate
70 kg of waste per day, medium bulk generators generate 25 kg of x»-&alellfcr day and
small bulk generators generate 10 kg of waste per day. The number of bulk generators

in each catcgory is identified from city-wide surveys as well as census data.
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Houschold survey results

From the houschold surveys, the number of people per houschold in the upper and
lower income neighborhoods was identified. 1n the upper income group, the average
number of people per household was 5.6 whereas in the lower income group, the
average number of people per houschold was 6.3. The average number od people per
household was used in combination with the data of total waste generated from the

waste audits, in order to calculale the per capita waste generation per neighborhood.

Informal sector survey results

Surveys of the door-to-door kabadiwalas, aggregators and wholesale recyclers werc
used to obtain nformation about the quantity of recyclables going to the informal
sector, which were not passing through A27's waste streams. From surveys, we see
that in Muzaffarnagar, there are 500-600 door-to-door kabadiwalas, 150 aggregators
and 50-60 wholesale recyclers. The door-to-door kabadiwalas collect 1-2 tons per
month of recyclables. The aggregators collect around 10 tons per month of }ecyclhblcs.

whereas the wholesale recyclers collect around 25 ton/month of recyclables.

3.3.6 Quantification of waste flows

Using the data oblained from the census, income data, waste audits, blllk genera-
tor surveys, household surveys and informal scctor surveys, we are able to quantify
the daily waste flows in Muzaffarnagar. L he sources of waste include: households
(vesidential), commercial establishments, bulk generators, and sireet sweeping. The
destinations of waste include the kabadiwalas and A2Z. At A2Z, the waste desti-
nations are the two by-products: compost and RDF, landfill and mois loss from

composting. Muzaffarnagar’s waste flows can be represented using » Sankey diagram,

which we will deseribe in Figure 3-4 helow. AT e P
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Sources of waste

|. The current 2017 population of Muzaffamagar is calculated taking the 2011 cen-
sus data and using a yearly population growth rate of 1.5% based on historical
growth.

2. Using the wastc audit data and income data, the waste generated by ‘househulds
that is collected by A2Z is calculated as 69.44 ton/day.

el

. Conpsidering the informal sector and assuming that there arc 550 door-to-door
kabadiwalas collecting 1.5 tons of waste monthly, the amount of waste collected
by the kabadiwalas daily is 27.5 ton/day.

4. Using the data gathercd from the bulk generator surveys, we estilee that the
bulk generators produce 2.6 ton of waste daily.

5. There were 24,] 14 commercial establishments in Muzaffarnagar as per the 2011
census{Office of the Registrar General and Census Commissioner, India, 2014).
Assuming that the commercial establishments grow at a rate proportional to
the growth in households and assuming that each establishment gm.::mtcs 1 kg

of waste per day, the amount of waste generated is 25 tons/day.

6. Finally, as gathered from inlerviews with A2Z workers, 75% of the total waste
is collected by the A2Z workers whercas 25% of the total waste is collected by
the municipal workers. From this estimate, we calculate that waste from street

sweeping is 34.02 tons/day.

Destinations of waste

Based on data collected by A2Z on their waste processes and interviews with A2Z
management. we estimale that of the total waste going to A27, 15% of the waste
goes to the landfill, 18% is made into compost, 28% is made into RDF and 39% is
lost due to moisture loss. ]
Muzaffarnagar’s waste flows can be represented using a Sankey diagram as shown

in Figure 3-4. The height of the bars corresponds to the amount of waste. The black

o CERTIFIED

N '%

Principal
Shri Ram Collegé’

Muzaffarnogar



2323332333233 3252332323333 232372333322233333)>

Collection by Formal/Informal Sector (158.56 TPD)

Generation SR Teeatment/
(Iaflows) Disposal
(Outlows)

l . A27Z:131.06

RIY¥: 3670

Figure'3-4: Sankey diagram representing city-wide waste quantification using surveys
and census data

bars represent the nodes - the nodes on the far lelt represent the waste generation
(inflows) and the nodes on the far right represent the waste treatment or disposal
(outtlows). The nodes in the center represent the collection by the informal scctor or

AZ27 (the formal sector).

3.3.7 Applicability of data collection methods to other cities
in India

In some cities such as Pune, the Municipal Corporation collects detailed annual data

on the amount of wasle generated by vanous sources and the waste procrssing desti-

nations of the waste. However in Muzaffarnagar, we have quantified the!waste flows

based on dala collection methods such as surveys, census and income data, which can
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Now that the current baseline of waste flows has been construcred using the data

collected, we will usc this data in the following chaplers. The baseline of waste flows

will be used in Chapter 4 to 1est scgregalion policies and in Chapter 5 to develop the

decision support tool.
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Chapter 4 \

Changing organic waste separation

behavior |

In developing countries such as India, organic waste forms a large (raction of the total
waste generated by houscholds. Sources of organic waste include food scraps, yard
waste, wood and process residues. Unlike recyclables, organic waste is typically not
separated by houscholds and is mixed with other types of waste when ct]:::ctcd.
This section lists thc motivations for collecting separated organic waste, along
with an overview of previous studies conducted (o increase organic waste separation
behavior at the source by households. Using the understanding guthered from liter-
ature, a pilot study was conducted to test houschold behavior change mechanisms.

The results of this study and its applicability on a larger scale are also discussed.

4.1 Motivations for separating organic waste

4.1.1 Waste composition

‘I'he composition of wastc is influenced by many factors, including the Fevel of cco-
nomic devclopment, lood habits, cultural nomus, geographical location, emergy sources.
and climate. As a country urbanizes and populations become wealthier, consumption

of inorganic matcrials (such as plastics, paper, and aluminum) increases, while the
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relative orgenic fraction decreases (Hoornwcg and Bhada-Tata, 2012). Ge*crally, low
and middle-income countries have a high percentage of organic matter in the urban
wastc stream, ranging from 40 to 85% of the total. In India, the household organic
wasle [raction varies from 40 to 60%, with the organic fraction roughly ir}verscly de-
pendent on the population of the city (Kumar et al., 2009). This high proportion of
organic waste is ideal for being utilized by waste processing technologies to extract

valuable end products.

4.1.2 Waste technologies

The available waste processing technologies used in India can be broadly hivided into
two categories: biological treatment and thermal treatment. Biological trcatment
includes aerobic composting, vermi composting and anaerobic digestion. Thermal
treatment includes incineration, production of refuse dried fuel (RDF), pjrolysis and
organic pelletization. In the biological treatment process, the biodegradable organic
portion of waste is broken down by micro-organisms into gaseous products (carbor
dioxide, methane gus, etc.) and water molecules leaving behind carbon ricp'n byproduct
called compost (CPCB, 2016). In order for biological treatment of the waste to be
effective, the organic waste first needs (0 be separated from the mixed waste, This can
be done either manually by the waste collectors or mechanically by passi.i:,g the waste
through a series of filters. Passing the mixed waste through filters involves additional
electricity usage and costs, which is a burden at the waste processing plants due to
unrcliable clectricity. There is 2 potential time and cost savings for the mTagc of these

technologies if the waste is source scparated by households.

4.1.3 Waste workers |

Waste workers are an alternative to separaling the organic waste mechanically. During
collection from households, the waste workers can manually scparare the household

waste in various categories. [Towever, this poses health and safety risks th the workers

exposed to unhygienic and toxic waste. C E RTI FI E D
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4.1.4 Waste toxicity

In unsegregated waste, the organic waste is contaminated by other fractions of the
municipal waste stream. In the case of composting, the quality of the final compost
15 dependcot on the uncontaminated quality of the inpul organic wasfc. In order
to ensure sale, the compost should be safe to use as well as meet quLain quality
standards. Studies on heavy metal concentrations in different municipal solid waste
compost demenstrate that source separated municipal waste produces a higher quality
end product compared to non-source separated municipal solid waste (World Bank,

1697).

4.1.5 Waste emissions

Unscgregated waste is sent to Jandfills if there is not a proper mechanism to process
it. Organic waste in landfills undergoes anaerobic decomposition which produces
mcthane, & harmful greenhouse gas. In some countries, regulators r:j:ire landfill
operators to control methane emissions by installing gas collection syst howcvc:;,
this is largely absent in India. Globally, landfills are the third largest anthropogenic
sourcc of methane, accounting for approximately 11% of estimated global methane

emissions in 2010 (U.S. EPA, 2011).

416 Waste policy

In the Solid Waste Management Rules passed by the Government of India in 2016,
waste generators should segregate and store the waste generated in three separate
streams namely biodegradable, non bicdegradable and domestic hazardqus wastes in
suitable bins and handover segregated wastes fo authorized waste collectors as per

the direction or notification by the local authorities from time to time (Government

of India, 2016). ; ER_I_ irﬁtu
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4.2  Literature review |

Several studies have inv estigated mechanisms and incentives 10 alfect household waste
separation behavior. Most of these studies focused on separation of rccyclthcs, which
have a market defined resale value, Tn England, a study was conducted to compare
three behavior change based approaches, which all aimed to increase participation
in the recycling collection scheme and to reduce inclusion of non-largr.:tc'd materials
(contamination) (Timlett and Williams, 2008). Three approaches - one doorstepping-
based (door-to-door awareness), one incenrives-based (reward vouchers) and one de-
livering personalized feedback to residents, were carried oul. The ﬁndirgs showed
that personalized incentives and feedback wers highly effective at reducing conlami-
nation. Both methods resulted in a halving of the number of households setting out
contaminants on collection day. The feedhack approach was considerably morc cost-
effective than the other two approaches. In another study based in Italy, rcsearchers
examined whether combining non-monetary and monetary incentives increases mu-
nicipal solid waste recyclable sorting (Bucciol et al., 2015). They investigated door to
door (DID) collection {versus drop-oll), which requires users to separate their waste
at home, along with pay-as-vou-throw (PAYT) pricing system, that links the cost of
the user to the amount of unsorted waste produced. They found that PAYT incen-
tive increases the sorted waste ratio (SWR; ie., the ratio of sorted Lo lotal waste)
by 17 % which is additive to the effeet of the DID incentive (15.7%). However, they
also found that PAY'I' programs induce illegal dumping: users dump their waste in
adjacent towns where communal bins are available in the streets. This n:Jult suggests
that decisions about the policy programs would bencfit from courdination between

adjacent municipalitics, to avoid this undesired effect.

Some of the studies included both separation of recyclables and organic waste.
In China, an incentive-based source separation model was designed and tested where
households were rewarded for separating organic wastc, government funds were used
for waste reduction, and small recycling enterprises promoted source sel:laraliou. Su-

permarkets signed a contract with small recyeling en(erprises to allow residents to
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shop with the bonus obtained for sorting organic waste and recyclables |(thc bonus
was 0.05 CNY kg-1 for organic waste and 0.] CNY kg-1 for recyclables). After one
year of opcration, the waste reduction rute under the incentive-based source sep-
aration model was 87.3%, whereas in the normal recycling model, wherle residents
sold the recyclables to the rubbish collectors or small recycling stations, the waste
reduction rate was 25.4% (Xu et al., 2015).

Municipalitics in India have tried diffcrent schemes to encourage organic waste
separation behavior. These mostly involve distributing free collection bins to house-
holds, accompanicd by a door-to-door awareness campaign. In some instances, the
local government conducts the awareness campaign with the help of local NGOs and
social workers. In Bengaluru, citizen welfare groups Kasa Mukia Bellandur and the
Solid Waste Management Round Table (SWMRT), launched a campaign called *2 bin
I bag’ in 2012.

Figure 4-1: 2 bin 1 bag set (2BinlBag, 2017)

Households were given two bins: one red and one green, and a reusable bag, as
shown in Figure 4-]1 above. Organic or wet waste should be handed over Jo collectors

in the green bin, inorganic or hazardous waste in the red bin, while the reusable bags
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were to be used for recyclable or dry waste. The houscholds were asked [lo sepurate
their waste nccording to the appropriate bin, and the garbage collecror would collect
the segregated waste. In 2015, the Karnataka High Court mandated the 2 bin |
bag system [or waste collection and disposal in Bengaluru. It was ma,udaled that
all categories ol wasle generators - residential, non-residential and government offices
- should segregate wet, dry and hazardous waste at the source, ‘The Karnataka
High Court also directed the municipality to identify violators and impoTe penalties
(Prasad, 2015).

In the cnergy cfficiency field, Opower is a US-based customer engagement platform
for utilities which employs behavioral science lechniques to affect customers’ energy
consumption (Rahim, 2010). The reports include targeted ips that seek to motivate
customers lo lower their energy consumption 10 the "normal” neighborhood rate.
The reports also feature smiley-{ace emoticons for the most energy-eﬂiTient homes
(Schmil, 2010).

As scen from the literature review, houschold behavior change was affected in three
stages: mechanisms, awareness and incentives. Mechanisms include policy measures
such as a city-wide policy notification and fines in case of' non-complianch Awareness
methods include passive approaches such as advertising on collection vehicles, leaflets
and newspaper articles and active approaches such as door-to-door campaigning and
presentations in schools. The incentives used are broadly divided into énancial and
social incentives. Financial incentives include cash incentives or non-cash (in-kind)
incentives such as waste for goods exchanges. Social incentives included recognition

in communily level meetings and feedback given on neighbors scparatioﬂ rate.

4.3 Household behavior change pilot study |

Using the insights gathered from the literaturc review, a pilot study was designed
and conducted in two neighborhoods in Muzaffarnagar, to test incentives to increase
organic waste separation behavier by households. As seen from the Jastc audits,

a high fraction of the total waste is organic waste. If this waste is separated at
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the househeld level, there is potential for the waste to be utilized in organic waste
technologies.

43.1 Approach

Two neighborhoods of similar income levels, Gandhi Colony and Tcacll:rs Colony,
ighborhood

(Gandhi Colony), no feedback was given to the households on their waste separa-

were chosen as the test neighborhoods for the pilot study. In one n

lion quantities or separation rate. This neighborhood is known as the doorstepping
neighborhood. In the other neighborhood (Teachers Colony), feedhack was given to
the households on a weekly basis for a period of onc month. This neighborhood is
known as the feedback neighborhood. The steps in conducting the segntnion pilot
are described below. Vinally, an analysis of the benefits and costs of imp: mcnl.ingz;
city-wide segregation policy in the city of Muzaffamagar is calculated,

4.3.2 Procedure

l. In each neighborhood, a sample of thirty adjacent households was Tzlected.

2. In bath ncighborhoods, a onc day door-to-door awareness cnmpnigu was con-
ducted by the mayor of Muzaffarnagar, Mr. Pankaj Aggarwal; Malini Parmar
and Shekar Prabhakar, members of the Solid Waste Management Round Table
(SWMRT), a Bengaluru-based NGO; local NGOs; and students and faculty of
SRGC.

3. The participants distributed two bins (green and red) and onc bag to the house-
holds free-of-charge and explained the new waste collection system. The bins
were given free-of-charge to the households through a sced grant funded by the
Tata Trusts. Lhe awareness program was conducted in both Hindi and English
and lcaflets were handed out along with the two bins and bag kit, as shown in
Figure 4-2 below. rs

4. The waste collector allocated one collection truck to collect the waste from the
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Figure 4-2: Door-to-door awareness leaflet {Hindj)

two neighborhoods and take the wasic back to the A2Z plant. FTur collec-
tion bins were placed in the collection trucks (as shown in Figure 4-3) and the
waste workers were trained to place the waste in the red, green, white or black
bin depending on the contents of the bins (inorganic, organic., rccyflable, and

unsorted wastc respectively).
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Figure 4-3: Collection bins

5. Tn both neighborhoods, waste was collected from the thirty hous‘c?ho]ds daily.

The waste worker noted if cach houschold was scparating its wadste into the

appropriate bins, The waste collected in each category (organid, inorganic,

recyclable and unsorted) per neighborhood was weighed and noted

43,3 Feedback

In the feedback neighborhood, households were given feedback on a weekly basis

over the span of onc month. The households were given feedback on thrde measures:

how much waste their neighborhood gencrated in each category compared 1o the

doorstepping neighborhood, how many tinmes per week they segregated

their waste

and how many times per week their neighbors segregated their waste, The feedback

sheet given to the houscholds in the feedback neighborhood is shown i

below.
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HOEBTERR Uit ufeeg

SHRI RAM GROUP OF COLIEGES
L] WASTE MANAGEME R
PROGRESS REPORT
Household Nurmber: 9
Head of House: Prem Singh

Period: December 12 {(Manday) = December 17 (Saturday)

- Wethy waste i Teachers | Weahly waite In GARAI
colony in kg [par housahold) | Colowy ip kg [per b hold )
Food/wet waste [/ e wath) 150 123
Dry/recyCatM 4 1te L Pugwhee. 131 ces
Reject wasta @T¥e/ FRWT W 04l 046
Oneagregated wasta | (WR wwT) 0Js apo
Total 336 3.13 I

Weaak 1 [Noversber 21 — November 28): Your household segregatad: 5 daya oul of € days i83k%]
\Week 2 (Movembar 28 - Decamber 31 Your household ssgregated: 5 days out of £ days (23%)
wesk 5 {Cecemisr S— Detambar AC), Your household segregated: § days out of & days [100W) @

Wk & (Decamier 12 - Dexember 17 Your household segregated: S days out of 8 days (23%]
SDAY WD

(wrsy

oA
V55 103%)

in vour neighbarhood, 1§ Pousehalds out af 21 houseralds segregated £/6 days

Thank you for partidpating In masicg Muzafarmnagar @ clesner cityt!
S= Wi
- -
Figure 4-4: Feedback sheet

The feedback was done at two levels: comparison with a different neighborhood
(the doorstepping neighborhood) and well as comparison within the same neighbor-
hood. While comparing the two neighborhoods, the waste quantities gene{’«ncd for the
thirty households on a weekly basis in kilograms were compared. While comparing
within the same neighborhoed, a pie chart und smiley-faces were used 1o indicate the
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weekly frequency of waste separation. The fecdback sheet was given to the houscholds
in the feedback neighborhood weekly at the cnd of the collection week on Saturdays.

4.3.4 Results

The weekly household separation rate, i.c., the number of households pTr neighbor-
hood that separated their waste all six days of (he week, were noted for'each of the

neighborhoods and plotted across four weeks.

100%
: ~®
80% R o=
f: s = Teachers' Colony
$ g e {with Feadback),
S 60% o .
& P
m . s
% 40% A B 4
§ Gandhi Colony
:E ithout
20% fe ck}, 44%
m . ieu s e R REE T bab B el Y b APPSR vr mehmm ssnssasukeE—.
Week 1 Week 2 Week 3 Week4

Figure 4-5: Comparison of segregation rate

From the comparison plot, we see that although both the ncighborhoalds started at
a similar segregation rate, the feedback neighborhood had nearly twice the segregation

rate than the doorstepping neighborhood, at the end of four weeks.

435 Cost-benefit analysis

An analysis of the benefits and costs of implementing a city-wide segrejation policy
in the city of Muzaffarnagar, which has a population of about 400,00 peoplc and
65,000 households, was conducted. The cosi-benefit analysis would differ depending
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on the city area and number of households.

Relevant costs

There are costs associated with hiring waste management supervisors, WPU will per-
form multiple duties such as training the existing waste collectors, gatbering data,
regular inspections and local travel costs. ‘L here are also costs associated with procur-
ing the 2 bin 1 bag set used to segregate the waste into three categories gnd printing
the awarencss material. Initially, one set will be given free to each of the 65,000
houscholds in Muzaffamagar. Hence this is a one-time cost. However, if the house-
hold wishes to replace the set, they will have to procure the additional set at a cost.
There will be fines and policies in place to prevent households from scllr;g the bins

on the secondary market. Miscellaneous and recurring supplies costs are accounted

for as well.
Table 4.1: Relevant costs [
Resources Total Annual Costs (Rs.)
Waste management supervisors (3 x 120000) 600,000
Materials and supplies (200*65000) - one-time cost !3.000.00d
Recurring supplies (100*10000) 100.000
Local travel costs (10000%12) 120,000
Total g 13,820,000
|
Relevant benefits

Benefits from a city-wide segregation policy would accrue to both the murlicipality as
well as the private waste collector. The municipality can negotiate contracts with the
private waste collectors at more favorable conditions, guaranteeing that the collected
waste from the households will be segregared. The private waste cnllcctor{ will likely
sec an overall increasc in net profit. There will be an increase in revenues due to
the increased quality and yield of compost and increase in tons of waste processed
per hour of organic waste. There will also be an increase in costs due th the extra

transportation costs for collection of segregated waste, but this will be offset by the
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Increase in rcvenues. We assume that there will be a 20% increase in ?roﬁt after

implementation of the city-wide segregation policy.

Table 4.2: Relevant benefits

Resources Total Annual Bencfits (Rs.) |
20% revenue increase 4,800,000
Total 4,800,000

[n this scenario, the costs are incurred by the municipality whereas Jhe benefits
arc obtained by the private waste collector, Assuming the costs arc incurred by the

private waste collector, we can determine the cost-benefit analysis of im plementation.’

Ycar Expccted Yearly Cost (Rs) Ex;fi:tcd Yearly Benefit (Rs) Discount Factor far 7%

Table 4.3: Expected benefits vs costs

] " 13.820,000 4,800,000 0.9346
2 £20,000 4,800,000 | 08734
3 820,000 4,800,000 0.8163
4 820,000 4,800,000 0.7629
5 820,000 4,800,000 0.7130
6 820,000 4,800,000 0.6663
7 820,000 4,800,000 | 0.6227
8 820,000 4,800,000 0.5820
9 §20,000 4,800,000 0.5439
10 820,000 4,800,000 0.5083

Table 4.4: Net present value of benefits vs costs

Year Since Initiation  Present Value of Costs (Rs.) Pr@écqt Value of Benefits (Rsi

1 12,915,888 4,485,981
2 716,220 4,192,506
3 669,364 3,918,230
4 625,574 3,661,897
5 584,649 34223
6 546,401 1,198,443
7 510,655 2,989,199
8 477,247 2,793,644
9 446,026 2,610,882
10 416,846 2,440,077
Total 17,508.870 33,713,191
Al el T
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Assuming 2 7% discount rate, the net present value of benefits and posts is cal-
culated over a ten year period. The net present value of implementing the city-wide
segregation policy is Rs 15,804,322 over a 10 year period. ‘This corresponds to a
payback penod of four years. I

44 Conclusion

We see from the pilot study thar weekly feedback given Lo households orl their quan-
tity of waste generatcd and segregation rate in comparison to their peers, increases
segregation percentage by nearly twice than if no feedback were given, Implementing
a city-wide segregation paolicy makes sense from a cost-benefit analysis perspective,
though it needs to be negotiated between (he municipality and the private waste cal-
lector whom should bear the costs of disuibuting the segregation Kits and training
the waste workers. The feedback mechanisin can be used te make implchlenla[ion of
a city-wide segregation policy more effective. This policy would resuir in an increase
in separated organic waste, which could be processed in organic waste technologies.
Organic waste technologies are considered as potential technologics for] processing

waste in the decision support fool described in the next chapter.
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Chapter 5 |

Decision support tool development

and scenario analysis |

This chapter focuses on the development of the decision support tool and discusscs
the applicability of the tool in the Indian context. A literature review of the existing
deeision support tools is undertaken and system optimization is identified as the
modeling approach to be used in development of the decision support topl. The tool
is then appliced to the city of Muzaffarnagar to evaluate the economic, environmental
and social impact of different technology conligurations al varying scales and levels

of segregation.

5.1 Literature review

Complexity in SWM systems arise from siting facilities, selecting technologics and
comparing different waste managemeni options. Many different systems analysis tools
have been developed to provide support for waste management decisions. These tools
can be grouped into two categories: 1) descriptive tools. used for evaluation and
assessment of waste management systems und 2) prescriptive tools, usctlfor creating
and designing wastc management systems. In this section, we will discuss the general

framework for a decision support tool, along with a review of the tools in each of the

o shtsgorie CERTIFIED
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5.1.1 Decision support systems

According to Sprague and Watson (1996), conceptual models or framewdrks are cm-.
cial to understanding a new and/or complex systems. ‘1 hey define decigion support
systems (DSS) broadly as an interactive computer based system thar helps decision-
makers usc data and models to solve ill-structured, unstructured or sempi-structured

problems.

Figurc 5-1 below describes the general flow of a decision support model, used
in assisting the user in muking decisions. The objeclive or performande criteria is
specified along with system constraints. Inputs are fed into the model and the oulputs

are generated based on the pre-defined criteria.

--------------------------------------------------------------------------------------

; taput: Processes/Dlalogues :
! Models and simulations: Output: !
: Background & > Performance Criteria, | "Comparative :
: Purpose, 3 Assessmeni/Evaluation Resujts" '
. Data Inventory. Instrument !
+ | Condition Setting :

T intended Userfs) with :
. key assumptions (o1 imporiant decisions .
' (External Cendition) :

. 1996)

decision support models. The models are classified into three categori

models, envirommental impact models and mulli-criteria models. Envi ental im-

cost-based models can be classified as prescriptive tools.

33

)
\ﬂ‘fr,‘il—-—-*

principol
§hel Aom College®
Muroffarnogar



))))))))))))J))'J)J)))))))))))))))J)

5.1.2 Descriptive tools
Environmental impact maodels

Environmental impact models consider lowest environmental impact as their objee-
tive. These models generally employ life cycle assessment or life cvele invtnmry tech-
niques. Life cycle asscssment models consist of a process to evaluate enbironmental
burdens associated with a product, process or activity by identifying and quantify-
ing encrgy and materials used, wastes and emissions released to the environment, to

assess impact of those energy and material uses and releases and to identify and eval-

the models used in this space include: RTI DST (Decision Support Tool, USA), IWM
{Integrated Waste Management, UK), THE IFEU PROJECT (Germany), ORWARE
{ORganic WAste REsearch, Sweden) and TASEWASTE (Environmental Assessment
of Solid Waste Systems and Technologies. Denmark). DST and IWM are life cycle

uate opportunities that lead to environmental improvements (EFA., 200;). Some of

inventory (LCI) models, thus not performing actual impact assessment. THE IFEU
PROJECT, ORWARE and EASEWASTE ure life cycle assessment (LCA) models.
Local conditions and wastc composition strongly influence the results of ¢nvironmen-

tal assessment ([lansen et al., 2006).

Multi-criteria models

Mulii-criteria models take several individual and often conflicting criteria ’imo account
in a multidimensional manner leading to more robust decision making rather than
optimizing a single dimensional objective [unction. The result is a ranking of the al-
ternatives. The type of criteria chosen in these model types depends on the objectives
of the model, and therefore could include risk assessment or environmental impact
assessment (Pires et al., 2011). ELECTRE III is found to be the most commonly used
method for waste management decisions in the literature. The AHP mrj_l::od is also
used in some applications (Haastrup et al., 1998). However, the allocation of weights

to different alternatives is a major shortcoming of the multi-criteria technique.
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5.1.3 Prescriptive tools
Cost based modecls

Cost-based models assign a monetary value 1o costs and employ mcthods such as cost-
benefit analysis and optimization. These models have a minimum cost objective. [n a
cost-benefit analysis, the value of all costs and benefits mvolved may be j_xpressed as
an assessment metric in a case-based scenario of SWM for Justification as .a pure cost-
benelit analysis or as an integral part of the forecasting models, simulation models
and optimization models (Chang et al,, 201 1). Cost-based models are the most widely
used in wastc management moedeling. However, in cost-based moedeis, maximization
of economic efliciency is the overriding factor at the expense of cnvircrfmemal and

social criteria, which is not a sustainable approach to waste management.

Optimization-based DSS for waste management

Optimization tools provide decision makers with optimum ISWM policies for any
region based on economic or environmental costs, mass balance, capacity, limitations,
operations, location and site availability (Najm and El-Fadel, 2004). Th (irst solid
waste management models were optimization models using linear programming (LP)
with a single objective, so as to minimize the total or partial costs in the SWM
system. These models dealt with specific aspects of the problem, for example vehicle
routing and scheduling (Liiebman et al., 1975) or facility site selcction (Esmaili, 1972).
Planners and decision makers gained beneficial use of prescriplive 1ools for achieving
the basic short and long-term planning of SWM with respect to the cost minimization
principle and technical constrainis in 1970s (Chang et al., 2011). Shortcomings from
models developed in 1970s were pointed out by Berger et al. (1999). They include
recyclables rarely being taken into account, having only one processing option of each
type and having a single gencerating source.

Recyceling and energy recovery processes were included in later moder developed
by Diamadopoulos et al. (1995) and Chang and Chang (1998). Berger et al. (1999)
used integrated solid waste management (ISWM) principles which extended the sys-

s
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tem boundaries of the earlier models and covered MSWM at the system|level (Pires
et al, 2011) Linear programming and mixed integer linear program ing (MILP]
is commonly uscd when assuming perfect foresight. Stochastic pro 12, fuzzy
programming or interval analysis are used when considering uncertainty in relation
o wuslec management. Waste management strategies under uncertainty with high
levels ol complexity and subjectivity developed prescriptive tools. Geagy aphic infor-
mation systems (GLS) and decision support systems (DSS) started bei integrated
with each other to help decision making with challenges on a long-term Hasis ((.’lmng
et al,, 2011).

5.1.4 DSS for waste management in India

Decision support tools are not widely used in India for planning wastc gement
systems, though tcols have been developed considering the Indian cqntext. Solid
waste trunsportation route planning and sanitary landlill site selection the main
focus of the DSS developed for the Indian context (Ohri and Singh, 2010). Natcsan
and Suresh (2002) developed a GIS based decision support system using rhulti-criteria
evaluation models for sanitary landfill sitc selection. The themes identjfied for the
purpose included Jand use, geology, geomorphology, drainage density, slppe, soil and
runoff. Ghose et al. (2006) considered allocation of available resources {man power
and vehicles) und suggested an expert system based decision support topls for solid
waste trunsportation management. Saxena et al, (2010) developed u T}SS for sus-
tainable municipal solid waste management using cost-benefit and SWQ'T analysis.
Both environmental as well as economical sustainability of municipal solid waste man-
agement were considered. Technological aspects, institutional aspecls zind financial

aspects werc taken in the framework of intcgrated approach.

5.1.5 Gap analysis

As seen from the litcrature review, optimization-based DSS used in waste management

are commonly focused on economic optimization. Social aspects such as gmployment
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and health were rarcly considered. In the case of developing countrics sul:h as India,

waste management is more labor intensive and a large percentage of the

population

is employed in both the formal and infonmal wasle management sector. As a result,

sustainable waste management systems need to consider social and eny

impacts in addition to economic objectives. The unique cultural context in

rironmental

developing

countries introduces other considerations such as open dumping, informall recycling,

low rate of service coverage and insullicient supporting data (Jain cf al.,
Further, the technologies options and scale of processing facilitics used

ing countries differ from the technology options in developed countries. €

2005).
in develop-

timization

models used lor siting facilities such as transfer stations and iandfills were used, but

nonc of the models examined siling of dilferent capacity processing faci
shorlcomings make it inappropriate to apply the existing DSS dircctly tg

conlexl.

5.2 Optimization model methodology

A prescriptive oplimization-based DSS for the Indian context is developg
mixed mteger linear programming approach. The GlS-based model of
Muzaffarnagar is developed and the assumptions, objectives, decision vari;

ematical formulation and constraints of the model arc discussed below.

ties. These

the Indian

d using the
" MSW for
bles, math-
Finally, the

data sources and inputs to be used by the model are presented. The ou
ated by the model are the scales, technologies and siting of technologi

the defined objective lunction. The tool is developed to cvaluate the ecor

uls pener-
s that meet

omic, cnvi-

ronmental and social impact of different technology configurations at vafying scales

und levels of segregation,

5.2.1 Assumptions

The assumptions used in formulating the MILP model used for modeling the MSW

system for Muzaffarnagar are listed below:

1. The collection efficiency i1s 100%.
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2. Tt is assumed that all generated solid waste in M uzattamagar is collected from

the houscholds and dumped at the 45 collection points,

{¥5 )

. The collection centers are assumed to be located at the centroid ofleach ward.

4. Bulk generalor, commercial and instilwtional wastes are transferred to the col-

lection points at the expensc of the generators,

L

. The distances are measured as Euclidean measurements from the ¢entroids of

cither the wards or the fucilities.

5.2.2 Metrics

As shown in Figure 5-2 below, the DSS can consider different metrics which include
economic costs, environmental costs and social benefit. The cconomic cosls of the Sys-
tem include collection, treatment and transportation costs. The cnviromEcnml costs
are measured as greenhouse gas (GHG) emissions and the social benefit fis measured

in terms of people cmployed.

METRICS
OUTPUTS
INPUTS Cost, Social & Envira . H
Demograpincs
Waste quantity & - . Scales & tedmc]log:ea
iton Decision Support
' Tool

Dhstances betveen waste
sources & destrations

Siting of technglogies

Costs, GHG emissions

N CERTIFIED

Figure 5-2: Muzaflarnagar decision support model
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5.2.3 Decision variables

The decision variables are the variables which can be controlled in the model. These

include:

1. Ogg is the mass of organic waste removed from the collection centerlsource f to

the facility destinationj (i =1, .., Li=1,..))

2. Ms,g is the mass of mixed waste remaved from the collection center source i to

the facility destinationj (i =1, ., I:j=1,..,1])

3. (Jjis & variable that can take the valuc of 0 or 1. The variable is 1 ifs.:proocssing

tacilities should be set up at the destination j and 0 if not

5.3 Mathematical formulation

The mathematical formulation of the MILP includes both the objective function and

constraints. The objective functicn is to minimize the economic cost of the waste

systcm.

5.3.1 Objective function

There are two types of constraints on the function: mass balance constraints and
capacity constraints. The mass balance constraints specify that the organic waste
and mixed waste generated at the source should be equal to the organic waste and
mixcd waste at the destination. The capacity constraints specify that the organic
waste processed should be equal to the totul capacity of the organic waste facilities
and the total waste processed should be cqual to the total capacity of the processing
facilities. C ERT! F]ED

61

N\

) STUTAIngio

. ShriRam Caiin.
-1 [-'\J"'»...;“'

LY ] .z-u
esuiTatiiaydr




?).’J})?))))3))J)')‘)))‘3'))3)‘)))J))))))S

max Fy+ Py

I
8.1, ZOH = E:_,l().l
l;‘
M, = Y1 M
< e Diea My (5.1)
!
Zod < Zf:u Cape * po
7 ir=]
Y (Ou+My) £ T, Capar « pag

=]
where Po: net cost of organic waste, Pt uet cost of mixed waste, Capo: fapacity of
the organic waste facilities, Capy: capacity of the mixed waste fucilities, po: number

of organic waste facilities and py: mamber of mixed waste facilitios

The costs of the waste management, system can be divided into fixed ajnd variable
costs. The fixed costs consist of capital. maintenance, labor and building|costs. The
variable costs cousist of operations and cnergy and (ransportation costs| There are

also revenues associated with both the orpanic waste and the mixed t\'ﬂst‘-ek due to the

sale of compost and/vr biogas,
Cp=Cq+ Iy~ CL+ Cn (5.2)

Cy =Co+Cr (53)

where Cp: fixed costs, Cg: capital costs, Cy: maintenance costs. Cy: jabor costs,
Cp: building costs, Cy: variuble costs, Co: operations and coccgy cogts and Cy:

trangportation costs

The cost of trapsportation is representod in the term Cp. The product of the mass

of waste and distance traveled by the waste is caiculated and multiplicd By & cost per
mass-distance Cy (assumed to be Rs.2) in order to calenlate the rrans Etatiuu cost.

CERTIEIED

Orv=%, E}f—] (T4 % (Meg + O.a)} * Cp
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The net costs of the organic waste and the mixed wasle are calculated by sub-

tracting the costs of Lhe waste management system from the revenues, |

J
Py = Z((Ro «0,a) - (Urxpo+ Cy » Ogg)i [ (5.5)
=1 |
J
Py =) (Rag % Mya) -~ (Cp xpy+ Cy % Myy)) | (5.6)
J=1

where Rg: revenue from organle waste aned Ryy: revenue from mixed waste

5.3.2 Environmental metric

The environmental metric is used to create a trade-ofl graph witl: thd minimum

cost function in order to minimize the grocuhouse gas (GHG) emissions of Lhe waste

systemn. ; |
FEneironmentalmetric == Z(Go # 04+ Gy * My) (5.7)

i
where Gq,: greenhouse gases generated by the organic waste facilities and Gu: green-

house gases generated by the mixed waste facilities

5.3.3 Social metric

The social metric is used to creale a trade-all graph with the minimim cokst function

in order Lo maximize (he employment ol the waste system.
Socialmetric = 2:[ Eo*po+ Eu»pu) (5.8)
J_I

where Ep: employment created by the orgunic waste facilities and Eyj: employment

created by the mixed waste facilities

5.4 Inputs to the model

“The following arc the iaputs to the model:
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. Demographic data
2. Waste quanlity and composition data
3. Distances between the wasie sources and destinations

4. Costs, GHG emissions and employment generated by the rechnoloﬁ'ies

5.4.1 Demographic data

As indicated in Chapter 3, the demographic data of Muzaffarnagar is obtained from
the 2011 Census ol India. Histerical growth rates in population are taken in order to

estimate the 2017 population, as the census is taken every ten years.

5.4.2 Waste quantity and composition data

The waste quantity and composition data is calculated in Chapter 3, from the waste
audits. This data, along with the demographic data, is used as an input to the model

to estimale the total waste generated in Muzaffarnagar,

5.4.3 Distances between the waste sources and destinations

‘I'he waste sources and destinations are assumed to be the centroids of the wards.
Since there arc 45 wards in Muza{farnagar. there are 45 sources of waste and 45

potential destinations of wastc. The Euclidean distances are calculated using GIS

coordinates. i

5.4.4 Costs, greenhouse gas emissions and employment gener-
ated by the technologies
Types of technologies used

Therc are four destinations of waste considered in this model. They are1 landfilling,

composting, biogas and organic pelletization. These technologies are described here

{Perlman, 2015). UtR-I-IFIED
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Lgndﬁ]]ing: When organic waste is landfilled, it is dumped in a larqc pile either
in a hole or directly on the ground. If the landfill is enginecred to reduce environ-
mental pollution, il is lined with a bottom liner to prevent liquids from seeping into
the soil and groundwater, designed with cells for old and ncw wasie, ¢overed and
equipped with a system to capture methane. If il lacks most of these [eatures, such
a site is simply an copen-air dump, where waste piles up and may be regularly com-
pacted or physically stabilized. Organic waste that is landfilled may slowly, decompose
anaerobically, or may remain relatively unchanged for long periods of time. Unlw:;
the landfill is geperating cnergy from caplured methane, landfilling does not generate
any valuable resource from organic waste,

Composting: Composting accelerales the natural (aerobic) biologicl.l decompo-
sition process by aggregated the material, often in some sort of container. In order
for composting to function properly, the mixture of organic wastes must contain both
nitrogen- and carbon-rich material, some moisture, oxygen, and naturally Ltcscnt bac-
teria. A diversity ol matcrials, such as leaves, twigs, manure, food scraps, grass, wood
chips. and paper can be composted. Composting signilicantly reduces the volume of
material, as water and carbon dioxide off-gas. Shredding material befol': compost-
ing reduces the decomposition time and improves the quality of finished compost.
Afier a period of maturation, which may take weeks or months, the end product of
the process is compost, which is a biologically-active, nutrient rich soil-lh&c material
that can be used as a soil amendment. There are many versions ol composting, such
as vermi-composting (using worms), windrow-compoesling, pit compuslitng, and bin
composting. |

Anaerobic Digestion: Anaerobic digestion processes organic waste in a tank
digester under oxygen-free conditions. Micro-organisms biclogically decompose the
(often wet) waterial, generating biogas, which is principally composed of lllethane and
carbon dioxide, as well as a liguid fertilizer (sludge). Anaerobic digesters can process
food waslte, waste oils, animal waste, and scwage, bul cannot process woody materials
such as twigs or coconut husks. The more putrescible the material, the higher the
biogas yields of the digester will be. The biogas is filtercd and the methane can be
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fed into an engine 10 generate electricity. The sludge can be applied to garden or
agriculturc fields as a ferilizer.

Pelletization: Pelletization of organic waste is a physical process in which the
material is screened, shredded, dried, and densified to create fue! pelicts or briquettes.
These pellets can be burned as a fuel in cement kilns, power plants, boiqux. or stoves.
As is the case when burning any solid fuel, pellet burning systems should' have scrub-
bers or other systems to reduce the emission of air pollutants. Pelletization is most

energetically efficient if the input material is drier and has a high-calorific valuc.

Scales of technologiecs used

The scales of technologies in tons per day (TPD) considered in the model L'ere chosen

based on their frequency of use in India and are given below.
1. Biogas: 0.1, 0.5, 2, 5 and 100
2. Composting: (0.1, 0.2, 2, 100 and 200

3. Pelletization: (1.5, 1,2, 5 and 10

Cost of technologies

Cost models of composting, biogas, landfilling and pelletization were created by

Rachel Perlman, a graduate student studying waste systems in Pune, India. The
data on the cost models has been taken from her thesis (Perlman, ZOIL). As some
of this data was specific to Pune (such as transportation and collection costs), data
from A2Z was used to calculate transportation and collection costs in Muzaffarna-
gar. Further, as date on composting technologies that process segregated waste was
not available, the following assumptions were made to construct the cost models for

segregated waste composting: ‘

1. The fixed costs of the segregated composting facility are the same as the mixed

composting lacility CERTIF‘ED
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2. The diese! costs are doubled due to the assumiption that twice the number of

collection trips arc made
3. Tons processed by the composting plant per hour increase by one third
4. The yield of compost produced will increase from 7% to 18%

5. The selling price of compost will increasc by one third due to increased quality

ol compost

The costs of the 1echnologies are given in Appendix D,

5.4.5 Greenhouse gas emissions of the technologies

Datu from the greenhouse gases emitted by composting and {andfilling technologies
was taken from the MSW Database, developed through a coopcrativt1 agreement
between RTI International und the US LPA’s National Risk Management Research
Laboratory (U.S. EPA, NC State University, RTI International, 2014), Data for the
GHG emissions of biogas and pelletization is taken from Rachel Perlman’s literature
survey (Perlman, 2015) as biogas and pelletization are not technologics considered in

the MSW Database. The GHG emitted by the technelogies are given in Appendix D.

5.4.6 Employment generated by the technologies

The croployment generated by the technologies is taken from data collected by Rachel
Perlman and discussion with A2Z management. The employment generated by the

technologies are given in Appendix D. l

Once all the inputs have been eniered into the model, different scenarios can be

analyzed by considering varying objectives of the waste system planner.
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5.5 Scenario analysis

A waste planner has to consider multiple metrics and balance competing goals when
planning a sustainable waste management system. The tool is used to determine
the minimum cost scenario in Muzaffarnagar and examine the trade offs Lem'een the
competing goals of minimum cost, minimum GHG emissions and maximum social
impact. We also consider two scenarios: when there is 0% segregation versus when

there is 100% segregation in the city.

5.5.1 Map-based representation of Muzaffarnagar

The map below represeats the current waste infrastructure of Muzaftarnagar. There
are 45 wards, numbered in Figure 5-3 below. The current A2Z composting plant is
located on the outskirts of the city, to the west of the city boundarics.['l‘he darker
shading of the wards represent the wastc generated by the ward - the darker the
shade, the more waste generated by the ward. The legend refers 1o (hree potential
technologies which are represented by three colors: red for compostin% green for
biogas and blue for pelletization. This representation is used throughoul this chapter.
As shown in [igure 5-3, there arc no biogas or pelletization plants currently being
used in Muzaffaragar. The potential location of the processing facilities Tre assumed

to be located at the centroid of the ward.

5.5.2 Waste planner metrics !

The ool considers three metrics in addition (o the cost, environment and social impact

metrics. They are:
I

]

: S
1. Space occupied CERTIF IED
2. level of centralization

3. Capacity utilization
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Figure 5-3: Current A2Z wasle infrastructure

Space occupicd |

The space occupicd by the waste processing facilities is measured in ? and detailedin
Appendix D. Typically, the Jarger capacity of the waste facility in te:[ms of tons

processed per day, the greater space it occupies.

Level of centralization

The level of centralization of the waste system is measured in terms of average tons
of waste processed per facility. The greater the average 1ons of waste prJqussed per

facility, the more centralized the waste system is. o=
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Capacity utilization

The capacity utilization of the waste system is measured as a percenta,
numerator as the amount of waste processcd by the system and the dend

total capacity of the waste system.

As calculated in Chapter 3, there is 130.54 tons of wasle generared in M

gar daily which is collected by A2Z. We will consider the minimum cost o

e, wilh the

yminator (he

Juzaffarana-

bjective and

examine the trade offs between these competing goals of minimum cueT, minimum

GHG emissions and maximum social impact. We also consider two scet

there is 0% scgregation versus when therc is 100% segregation in the cit]

5.5.3 Segregation scenarios

0% scgregation

arios; when

Y.

When there is 0% segregation in the city, none of the waste gees to the o

processing facilitics. As shown in Figure 5-4, the model satisfies the mini

objective by constructing another 100 tons per day (TPD) compesting pl

1. The metries associated with this waste configuration are detailed in T

100% segregation

When there is 100% segrepation in the city, there is 50.80 TPD of organic waste

generated and available for processing in the city. As shown in Figure 5-

satisfies the minimum cost objective by constructing 45 small scale com

b, the model

sting plants

of 0.1 TPD capacity each (represented by the red dots) and nine 5 TPD bjogas plants

(represented by the green dots). The metrics associated with this waste ¢
are detailed in Table 5.1.
Table 5.1 below represents the various metrics associated with the mi

scenario with both 0% and 100% segrceation. We scc from the table

nfiguration

imum cost
that as the

segregation rate of the city increases, the costs and GHG emissions redude, while the

cmployment of the waste system increases. The optimization function maikimizes net
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Figure 5-4: Minimum cost scenario - 0% segregation

profit, but since all results in Muzaffarnugar are negative profit, we refer to the net
cOsls.

Table 5.1: Segregation scenarios - sunmmary metrics

Segregation Nct Costs GHG Emissions Labor  Space  Centrjllization ~ Capacity '

(Rs.) (ton-MMy-eq) (people) A (tons/facility) Utilization
0% 34,013.250 71,672 35 640,000 63,203 63.20%
100% 23,830,362 41,419 80 329,000 2,298 84.55%
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Figure 5-5: Minimum cost scenario - 100% segregation

5.5.4 Trade-off curves

There are trade-offs between the competing goals of the waste system: minimum cost,
minimum GHG emissions and maximum employment. Trade-ofl” graphs are used to

oblain the optimum system configuration (hat satisfies competing goals. J

Cost vs. GHG

The minimum cost and minimum GHG emissions for the 0% segregation bcenario are
the same waste sysiem configuration, We consider here the trade-off between cost
and GHG emissions in the case of 100% segregation. ATBTICIER
As shown in Figure 5-6 below, a trade-off curve between cost and GHG emissions =

can be constructed by keeping minimum cost as the objective function and increasing
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Cost vs. GHG
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Figure 5-6: Cost vs. GIIG emissions trade-off (100% segregati¢n)

the constraint on GGHG emissions, A compromisc solution is around the tyrming point,

which is at the coordinates (Rs.23,916,769, 40,563 ton-M1"3-eq).

GHG vs. Labor

Using the metrics obtained from the cost vs. GHG emissions trade-off curve, we can

construct the GHG emissions vs. labor trade-off curve.

GHG vs. Labor
41600 -
e .
4%, 200
4,000

&
8

40,500 2
10200

GHU emissions {ton-£O2.2g)
£

Figure 5-7: GHG cmissions vs. labor trade-oll (100% segregullion)

As shown in the trade-off curve in Figure 5-7 above, there is a largp increase in
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employment indicated by the gap in the curve. A compromise solution is at the
coordinates (81 people, 40,563 ton-003z-cq). It is at this configuration where the
waste system shifts from having 45 small scale 0.1 TPD composting plants to more
biogas plants of 2 und 5 TPD capacity. The biogas plants increase cmployment by 7

people for an increasc in 225 ton-00;-eq.

Cost vs. Labor

As shown in Figure 5-8 below, a trade-off curve between cost and labor/employment
can be constructed by keeping minimum cost as the objective function anf increasing
the constraint on people cmployed. A compromise solution is amundrthc turning
point, which is at the coordinates (Rs.30,946,155, 125 people). At this point, the
system configuration changes from predominalely small scale composting and biogas
plants to an addition of pelletization plants which require more labor, to handle the

organic waste in the system.

;r Cost vs, Labor
¥
t 200
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Figure 5-8: Cost vs. labor trade-off (100% segregation) |
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Cost vs. GHG isoquants

The cost vs. GHG emissions can be examined for different labor constraint ranges.
The isoquants have been examined for four labor ranges: 75-80 people, 80-85 pcople,

85-90 people and 90-95 people. As seen in Figure 5-9 below, as the labor constraint

range increases, the costs increase as well, though the GEIG emissions a.rr the same.

Cost vs. GHG isoquant
#labor 75-80 ™ Labor 80-85 .. Labor 85-30 Labor 90-95

41600 -

41,400 - » 2 X
g 41,200 -
5 - A 7
G 41000
g
= 40,800 m & X
5 %
§ S 4 ] & «
g L 2 | & X
& 40400

5 " & )]
40,200
40,060 v -
23,500,000 24,000,000 24,500,000 25,000,000 25,500,000
Cost {Rs.}

Figure 5-9: Cost vs. GHG isoquants

We can see from the trade-off curves that the labor curves for 75-80 ‘::oplc (rep-
resented by blue diumonds) and 80-85 people (represcnted by red squares) overlap.
The difference in costs between the two labor scenarios is negligible with increased
employment and at a similar level of GHG emissions. In case of the 85-90 people
labor curve and 90-95 people labor curve, we see that costs increase as employment

increases, with the same level of GHG emissions.
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5.5.5 Level of segregation scenario

As mentioned earlier in Chapter 3, there is no segregation of waste at 1l

he¢ source in

Muzaffamagar. The waste is collecled unsegregated and scparation is dcTne mechan-

ically through a serics of filters at the composting planL. If a city-wide]

policy mandating separation ol organic waste at the source for household

segregation
s, bulk gen-

erators and commercial establishments, the cost of the waste system wo

Figure 5-10 below, we examine how the cost of the waste system diffc

d differ. In
depending

on the level ol segregation in the city. The level of segregation is defined as the per-

centage of organic wasle that is sorted separately out ol the total avai
waste. The assumptions while caleulaling the costs of segregating wuste

previously in scction 5.4.4.

ble organic

s mentioned

Cost vs. Segregation level
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Figure 5-10: Cost vs. level of scgregation
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At a city-wide leve! of segregation of 60%, the costs of the wastc s

by nearly Rs. 9.5 million. "This is becausc when the system has a segr

tcm reduce
gation level

D large scale

of less than 60%, the minimum cost conliguration oceurs with a 100 TPII
composting plant, as shown in Figure 5-11.
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Once the level of segregation reaches 60%, the minimum cost configuration shifts

to a system with distributed small scale composting plants, as shown in [Figure 5-12

below.

736 gefday 298 gty

Figure 5-12: Waste configurarion at 60% segregation level

5.5.6 Future change in population scenario

LETIZATION

Currently the population of Muzaffarnagar is 401,443 people, with a histgrical annual

growth rate of 1.5%. The waste system nceds to meet the needs of the growing popula-

tion. We have considered how the change in population relative to the 201} population

aftects the waste generated and configuration of the waste system in Myzallaragar.

The population year corresponding to the population change in percentpge is given

in Tuble 5.2 below
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Table 5.2: Change in waste generation with population

" Population change

Population Year Waste Gencrated

relative to 2017 (%)  (peoplc) {TPD)
{7 401,443 2017 126.41
110% 441,588 2024 139.05
120% 481,732 2029 151.69
130% 521,877 2035 164.33
140% 562,021 2040 176.97
150% 602,165 2045 189.61
160%% 642,310 2049 202.25
170% 682,454 2053 214.89
180% 722,598 2057 227.53
190% 762,743 2061 240.17
200% 802,887 2065 252.81

In Figure 5-13, we have examined how the cost/person and capacity utilization

of the waste system change when the population level changes rclative [to the 2017

population. The cost’person is represented by the blue line and the dapacily uti-

lization of the wastc systemn is represented by the red linc. The number|of facilities

employed in the system is represented by the number and letter F above the capacity
utilization line. At the 130% population relative to 2017 population (cqrresponding

to year 2035), the capacily utilization of the waste system reaches 100%.(The config-

uration of the system at the 130% population level is given in Figure 5-14 below. At

the 130% population level, the system consists of 45 small scale 0.1 ['PD|composting

planis and twelve 5 TPD biogas plants.
At the 140% population level (corresponding to year 2040), the waslc system drops

10 59% capacity utilization and the configuration of the system is shownin Figure 5-

15 below. At the 140% population level, the system consists of twp 100 TPD

composting plants and one 100 TPD biogas plant and the system moves towards a

more centralized waste configuration.
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Figure 5-15: Waste system configuration at 140% population level

5.5.7 Future change in income level scenario

As indicated in Chapter 3, 59% of the population of Muzaffamagar is classified as
upper income and 41% of the population is classified as lower income. The per capita
waste generation of the lower income group is 132 grams/person and the upper income
group is 201 grams/person, as calculated from the waste audits. The World Bank
estimates that over the five year period of 2004-05 and 2009-10, 11% of the poor and
vulnerable population moved into the middle class (World Bank Group, 2015). As the
income groups arc not clearly defined in Muzaffarnagar, we will assume that overa 5
year period, there is an 11% shift from the lower income group to the u[’per income

group. We will consider two future scenarios, one with a ten year time horizon (2027)

and the other with a nwenty-five year time borizon (2042).
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Ten year time horizon seenario

Assuming an annual growth rate of 1.5% and a 11% shift in income level (we will
assume that 11% stays constant as the shift in income level, instead of linearly in-

TPD without any income level shift. The configuration, as shown in Figure 5-16

creasing over time), the waste generation increases to 164.07 TPD instesF of 157.28
below, consists of two 100 TPD composting plants, forty-three 0.1 TPD composting
plants and ten 5 TPD biogas plants. There is no change in configuration from the no

income level shift scenario.
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Figure 5-16: Waste system configuration in 2027

Table 5.3 shows the comparison between the two scenarios for a 1.5% )Lnrly growth
in population: when (here is no income shifl versus when there is an overall 11%

income shift over the ten year time horizon. There is no significant difference in

CERTIFIED
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employment, space or capacity utilizalion between the two scenarios, There is an

increase in costs and GHG emissions in the 11% income shift scenario.

Table 5.3: Income shift scenarios - Ten year time horizon

‘Income Nct Costs GHG Emissions  Labor Space  Centralization  Capacity

Shift  (Rs.) (ton-CTiz-eq)  (people) (%) (tons/facility) Utilization
None 36,821,145 55941 92 649300 2.8601 61.85%
11%  37.598,697 59,686 94 649,500 2,878 64.47%

Twenty-five year time horizon scenario

Assuming an annual growth rate of 1.5% and a 11% shifl in income level (we will
assume that 11% stays constant as the shifl in income level, instead of;r linearly in-
creasing over time), the waste generation increases to 205.13 TPD instead of 196.63
TPD without any income level shift. The configuration, as shown in Figure 3-17
below, consists of two 100 TPD composting plants and one 100 TPD biogas plant.
There is no change in configuration from the no income level shitl scenario.

Table 5.4 shows thie comparison between the two scenarios for a 1.5% y}za:rly growth
in population: when there is no income shift versus when there is an overall 11%
income shift over the rwenty five year time horizon. There is no significant difference
in employment, space or capacity utilization between (he two scenarios. There is an

increasc in costs and GHG emissions in the 11% income shifl scenario.

Table 5.4: Income shift scenarios - Twenty five year time hor

n
Income Net Costs GHG Emissions  Labor Space Ceiuralizl;tibn Capacity
Shift (Rs.) (ton-I"T2-eq)  (people) (9 (tons/facility)  Utilization

None 41,197.757 69.527 32 641,000 65,544 65.54%
11%  41.929,44] 73,795 54 641,000 68,376 68.38%
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Figure 5-17: Waste system configuration in 2042

5.6 Summary

The decision support tool is applied to the city of Muzaffarnagar to evaluate the
economic, environmenlal and social impact of different technology configurations at
varying scales and levels of segregation. The tool is used to find the rnl]imum cost
waste configuration that considers both GHG emissions and employment, by con-
structing trade-off graphs between competing goals. A compromise solution that
satisfies compeling goals is obtained at the turning point of the trade-off curves.

As seen from the decision support tool, as the segregation rate of the city increases
{he costs and GIIG emissions reduce, while the employment of the w{a.stc system
increases. The level of centralization of the system reduces as the level of segregation

of waste increases. The waste system necds to build capacity as the waste generation
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of the c¢ity increases due (o future population growth and upward incon’fc maobility.
As the segregation rute increases, distributed waste systems should be constructed in

order to mect the growing waste generation.
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Chapter 6

Conclusions and recommendatios

‘Lhis thesis aimed 1o help Indian cities plan their wastc management

answering the following research questions:

1. What capacities of processing plants, technologies and system ¢

1S

systems by

pnfiguration

make the most sense to deploy, considering multiple constraints pnd metrics

such as cost, environmental impact, space constraints, social impag

L, ctc.?

2. In case of a decentralized wastc system, what are the optimal locdtions of the

processing centers within city limits?

3. How can source segrcgation of household waste be increased?

We considered the city of Muzaffaranagar in order to charactenze, model and test

our DSS and segregation policies. We considered Muzaffarnagar as o representative

Indian city and the results obtained in MuzalTarnagar are applicable tg

other mid-

sized cities in India. We will discuss our recommendations for policy and

echnologies

in Muzaffarnagar. I'inally, we will conclude wilh recommendations for fiture work.

6.1 Methodological contributions CERTIFIED

1. Decision support tool considers cost, environmental emi

employment of the waste system: The dccision support tool

) _ﬁﬁ.&f
Co-or inator

86

ions and
can be used

fQAC‘,xShrf Ram Cﬂm& . g
ko

iarnagar

3het Aom College
Mumffamagor



')).))).)))))))))))))3)))))))3)))))).))

to find the minimum cost waste configuration that considers both c”:vironmen-
tal GHG emissions and employment, by constructing tradc-off graphs between
competing goals. A compromisc solution that satisfies competing goals is ob-

tained at the tuming point of the rade-off curves. |

2. Methodology to increase organic waste segregation rate: Our segrega-
tion pilot shows that the social incentive mechanism of giving weekly leedback
lo households on their waste gencration and separation relative tol their peers

increases their scgregation rate.

6.2 Conclusions

Below are the key findings that are presented in this thesis.
|

l. Indian houscholds have high organic waste composition: The waste
audits showed that houschold waste consisted of 64% organic waste. The high
organic content of houschold waste can be utilized effectively in n1ganic waste
processing technologies, if the organic waste is separated from the general waste

stream.

2. Waste gencration increases with income level: The per l:apita waste
generation in Muzaffarnagar is 132 grams/person for the lower income group
and 201 grams/person for the upper income group. The upper income group
generates 1.5 times the lower income group. The waste system has to build
capacity in order to process future increase in waste volumes due to growth in

population as well as upward income mobility.

- |
3. Social incentives increase segregation rate: Households can be encouraged
to segregate their organic waste by using social incentives and reinforcement.
Households that were given weekly feedback on their waste generation and seg-

regation rate compared to their neighbors, increased their segregzltion rate by

=

ol el ¢

nearly twice than those households (hat were given no feedback. ~rERTIE! E ‘j
i
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4. Increase in segregation rate reduces costs: We see from the decision
support tool that as the scgregation rate of the city increases the costs and

GHG emissions reduce, while the employment of the waste Sysiem increases.

5. Increase in segregation rate reduces the Ievel of centralizal:inn of the
waste gystem: The level of centralization of the system reduces as the level of
segregation of waste increases, that is, (he system moves towards smaller scale
processing plants instead of large scale centralized plants. ’

6. Future growth scenarios can be met by distributed waste systems:
The waste system needs to build capacity as the waste generalimr of the city
increases due to future population growth and upward income mobility. As (he
scgregation rate increases, distributed waste systems should be constructed in

order 10 megt the growing waste generation.

6.3 Recommendations for Muzaffarnagar

The following are the recommendations for changes (o be made to the s\jaste system

in Muzaffarnagar:

I. Increase segregation through policy implementation: In prder to min-
imize the costs of the waste system with lower GIIG emissions and increased
employment, the level of segregation in the city should increase from the current

0% level of segregation. This can be implemented in two ways: |

{(a) A bulk generator segregation policy should be implemented in order to
mandate that the large amount of waste generated by the bulk generators
s segregation and processed efficiently, This policy was erLftcd by the
Mayaor of Muzaffarnagar at cur recommendation and the text of the policy
is included in Appendix E.

(b) A city-wide houschold segregation policy should be cuac:c:k in order o0

encourage households to scparute their orgunic waste. The 2 hin 1 bag

f:“. ;
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I
mechanism should be extended to the rest of the city and A27. should
cnsure thut adequate infrastructure is in place to collcet the|segregaled

waste. The social incentive model should be used by providing weekly

feedback to mncrease the segregation rvate.

2. Build distributed waste systems: Currently the system in MuzalTamagar is

highly centralized with 4 single 100 TPD composting plant. [f the |scgregali0n
policies are implemented, the separated organic waste will increase making it
economically feasible (o use smaller scale organic waste technologies. Our rec-
ommendation is (o build smaller scale composting and biogas plants throughout
the city to process the organic wasie as the segregation level increases. Since
distributed waste systems provide economic, environmental and Social bene-
fits, they should be built to meet the future increase in waste generation. The
distributed smuli scale wastc systems also provide the advantage of staggering

capacity build out in contrast to the large scale processing plants.

6.4 Recommendations for future work

There is scope for further work on the development of the decision suppnrk tool. Some

of the future work recommendations include:

L

fad

The current rool construcled for Muzaffarnagar specilies the Incitions of the
processing plants in order to construct the optimum system configuration. The
tocl can be made more applicable to other cities in India by mbdifying the

architecture in order to accommodate jurisdictions of arbitrary size.

. The tool also needs to be able to solve problems that explicitly cohsider future

(uncertain) growth within the jurisdiction, while remaining fast to solve. To

realize that, other solution approaches can be tested, most likely inyolving some

two stage approach to limit the solution space. c E RT' FIE
D

. The wol currently considers Euclidcan distances while calculating jhe distances

between the sources and destinations of waste. The tool can be made more
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!
accurate by considering the cxacl rouling distances and traffic conditions by

road. ;

- The government of India under the Prime Minister Narendra Modi has a vision

of developing 100 smart cities under the Smart Cities Mission. These cities
would employ ICT (Information and Communication Technology) to monitor
the use of electricity, gas, waste, harvesting, oil, transport, water etoy and utilize

analytics to give efficient solutions.

(a) The tool could be useful in planning the waste management systems in
these cities by catering the tool to different archetypes of jurisdictions in
India (for example, high density or low density, higher ﬂ'acric1n of middlc
income or higher fraction of lower income, located near agriculture or away,

located ncar recycling markets or away. etc.),

(b) Discussions with the leadership of the Smart Cities Mission could result in

the possibility of the 100l being used on a wider scale.

CERTIFIE,

e 8 oL Q)

I N
Frincipal
shel Aom College

"*l‘ < {I; r ‘.I-—‘. m ’L?al



'))))))))J)JJ)))J)))))))'J))))J))))J)

Bibliography

2BinlBag (2017). 2binlbag Kit and Waste Managementt Supplies.
htip://www.2binl bag.in/,

O%acres  (2016). Property rutes and price trends in  Punc.
http://www.9%acres.com/property-rates-and-price-trends-in-pune.

Annepu, R. K. (2012). Sustainable Solid Waste Management in Indil. Columbia
University. .

Athena (2012). Public Pnivate Partnerships in Municipal Solid Waste Management.
Technical report. |

Buani, M. S, Rashid, Z. A., Hamid, K. H. K., Harbawi, M. E., A.B.Alias, and Aris,
M. J. (2009). The Development of Decision Support System for Waste Management;
a Review. International Journal of Chemical, Molecular, Nuclear, Materials and
Metallurgical Engineering. |

Berger, C., Savard. G., and Wizere, A. (1999). EUGENE: An optimization model
for integrated regional solid waste management planning. International journal of
Environment and Pollution.

Bucciol, A., Montinari, N., and Piovesan, M. (2015). Do Not Trasj‘h the Incen-
tivel Monetary Incentives and Waste Sorting. Scandinavian Journal of Econontics,
117(4):1204-1229.

Chang, N.-B., Pires. A, and Martinho, G. (2011). Empowering Systems| Analysis for
Solid Waste Management: Challenges, Trends, and Perspectives. volume 41.

Chang, Y. and Chang, N. {1998). Optimization analysis for the development of short-
team solid waste management strategies using presorting process prior 1o

incinerators. Resources, Conservation and Recycling. |

CPCB (2016). Selection Criteria of Waste Processing Technologies. Technical report,
Central Pollution Control Board of India.

Danek, J. (2015). A functional perspective of planning waste systems ih developing
countries - stralegies for public and private sector. A casc study of Muzaffamagar,

India. Massachusetts Institute of Technology. c ERT'F
IED
|

92

—_—
Co-cb[ﬁ;;/o, \X Q

IQAG, 8hyi Ram College
UZaffarnagay

Frincipal
Shri Rom Collega
MuzaFornogar



2332333333333 33232I3333D 3333333333332 3>

Dismadopoulos, E., Koutsantenakis, Y.. and Zaglara, V, (1995). Optimgl-Design of
Municipal Solid-Waste Recycling Systems. Resources, Conservation and Recycling.

EEA (2003). Assessment of Information Related to Waste and Material Flows: a
Catalogue of Methods and Tools, Exropean Environment Agency, Copenhagen.

Esmuili, H. (1972). Facility Selection and Haul Optimization Modecl. IoLmal of the
Sanitary Engineering Division.

Ghose, M., Dikshit, A., and Sharma, S. (2006). A GIS based transportation model
for solid waste disposal ~ A case study on Asansol municipality. Iauryal of Waste
Managenent.

Government of India (2016). Solid Wastc Management Rules. Technical report.

[aastrup, P, Maniesso, V., Matarelli. I, Rinaldi, F. M., Mendes, (., and Paruccini,
M. {1998). A decision support system for urban waste managementt European
Journal of operational research,

Hansen, T. L., Christensen, T. H., and Schmidt, S. (2006). Environmental modeling
of use of treated organic waste on agricultural land: a comparison ol existing models
for life cycle assessment of waste systems. Waste Managemen! and Rksenrch.

Hoornweg, D, and Bhada-Tata, P. (2012). What a Waste: A Global Review of Solid
‘Waste Management, Technical report, Lirban Development Series, The World Bank,
Washington DC.

Jein, A., Kaur, H., and Khanna, S. (2005). Computer model for munici plll solid waste
treatment in developing countries. Environmental Science and Technology.

Kumar, S., Bhattacharyya, J. K., Vaidya, A. N., Chakrabarti, T., Devotia, S., and
Akolkar, A. B. (2009). Assessment of the slatus of municipal solid wfastc mangge-
ment in melro cities, statc capitals, class [ cities, and class II towns 'in India: An

insight. Waste Management, 29(2):883-895.

Liebman, J., Male, J., and Wathne, M. {1975). Minimum cost in residential refuse
vehicle routes. Journal of Environmental Engineering. |

Mani, S. and Singh, S. (2016). Sustainable Municipal Solid Waste Management in
Indiat A Policy Apenda. Procedia Environmental Sciences, 35(33):150-157.

Morrissey, A. and Browne, 1. (2004). Waste management models and lhﬂir application
to sustainable waste management. Waste Management.

Najm, M. A. and Ll-Fadel, M. (2004). Computer-based interface for an integrated
solid waste management optimization model. Environmental Mo:ie!!ing and Soft-

ware
%TF"W
Natesan, U, and Suresh, E. (2002). Site suitability evaluation for Iucnl.mg s QIJ

landfills using GIS. Journal of Indian Society of Remoie Sensing.

93
¥
(\'/
1A . dihalor
TRam o
| .\_”,-_”: : LO”E‘[_‘JPI Frincipal
"agar il Aom College

Muzaffornogar



2323333332333 33333 3>

2222332323233

Office of the Registrar General and Census Commissioner, India (2014).
Muzaffarnagar city population data, http://www city population.dé/php/india-
utlarpradesh.php?adm?2id=0902.

Ohri, A. and Singh, P. (2010). Development of Decision Support System for Mu-
nicipal Solid Waste Management in India: A Review. fntema!iomf Journal of
Fnvironmental Sciences. '

Perliman, R. (2015). Tdentifying Sustainable Organic Waste Managcment Systems in
Urban India: Case Study of Punc, India. Massachusetts Institute of Technology.

Pires, A., Martinho, G., and Chang, N.-B3. (201 1). Solid waste managemLm in Euro-
pean countries: a review of systems analysis techniques. Journal of environmental
management, 92(4):1033-1050.

Prasad, K. (2015). High Court directs Bengaluru to use (wo bin-one bn$ system for
waste collection. The Hindu.

Rahim, S. (2010). Finding the *Weapons® of Persuasion to Save Energy. The New
York Times.

Saxena, S., Srivastava, R., and Samaddar, A. (2010). Towards swslaiuable municipal
solid waste management in Allahabad City. Journa! of Management of Environ-
mental Quality.

Schmit, 1. (2010). Do you use more energy than your neighbors? I.IISA Today.

Sprague, R. and Watson, H. (1996). Decision Support for Management. Prentice Hall
Business Publishing.

TERI (2015). Industnial and urban wastc management in India. '!'cchrlical report,

Timlett, R. E. and Williams, 1. D, (2008). Public participation and recveling per-
formance in England: A comparison of tools for behaviour change. Resources,
Conservation and Recycling, 52(4):622 -634.

UNEP (2009). Developing integrated solid waste management plan: trlaining man-
ual. Assessment of current waste management system and gaps therein. Infer-
national Environmental Technology Centre, Division of Technology, Industry and
Economics.

U.S. EPA (2011). Global Anthropogenic Emissions of Non-CO2 GreenHouse Gases:
1990-2030. Technical report.

U.S. EPA (2014). Municipal Solid Waste Generation, Recyeling, and Disposal in the
United States: Facts and Figures for 2012. ‘echnical report, |

U.S. EPA, NC State University, RTI International (2014). Municipal solid waste
decision support tool (msw-dst). https://mswdst.rti.orp/.

N~-aH

Jéﬂ? ?ﬁ‘;

94 Jd G4 i}
| e

Vb

v
Fr '__.,’..,'po"
Jiel Aam (0”696
Muzaffornaqar



))))))J))JJ))))J)))))))))))))))))))

World Bank (1997). The Usc of Compost in Indonesia: Proposed Complost Quality
Standards. Technical report, [nfrastrucume Operations, Country Department 111,
East Asia and Pacilic Region, Washington DC, USA.

World Bank (2010). Employment in agriculture,
http://data.worldbank.org/indicator/SL.AGR.EMPL.7S, |

World Bank Group (2015). Addressing Incqualily in South Asia. South Asia Devel-
opment Forum. Technical report.

Xu, W., Zhou, C.. T.an, Y., Jin, J., and Cao, A. (2015). An incentive-bascd source sep-
aration model for sustainable municipal solid waste management in China, Waste
Management & Research : the Journal of the International Solid Wastes and Public
Cleansing Association, ISWA, 33(5):469-76.

—

Principal
Shrl Rom College

95 Muzori'bmogar




))J)))J)).)))J)))))))))J)))))))))3))

Appendices

Ppyl 96
Co-ofdinator
IQAC, Shri Ram College,

Muzaffarnagar

l

CERTIFIED
|

\t

Principal
Shrl ﬁo j C oﬁcga
Muzoffor’naga{




).)))))))))))))))J)))))))))))))))J))

Appendix A: Waste audit worksheet

Date

Day of the week

Area/district being covered
Estimated population of the area
Did it rain (circle all that apply)?

Yesterday | Earlier today | Now

6. How wetis the waste?
Wetl [Not wet | A little wet

7. Name of the auditor

8. Names of the waste picker(s)

o N

W

Categories

ORGANICS

Food scraps

Other biodegradable
material

White paper

Newspaper

Other paper

PLASTIC

Weight (Kg)

Frinicipal
Shri Ram College
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)3)))))))))))))))))))))J)'))))J)))))

Thick PET bottles

'ﬂﬁ_ii_:EE containers

Other plastic

MIXED MATERIALS

i4 Tetra Pak

S <o bais and patkes

£

Green

ro kc'nfj]jec es of gias

TEXTILES

SANITARY WASTE

Sanitary napkins and
tampons

ELECTRONICS

Batteries ‘
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Computer electronics (cell
phones etc.|
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Appendix B: Demographic questionnaire

General Information

1. Location & Area Information
(2) Ward No
(b} Mohalla
(c) Address
2. Land Arca of Ilouse
(a) 300 — 600 Sq. FL (LIG)
(b) 600 — 1200 8q. I't. (MIG)
(¢) 1200 - 2400 Sq. FL (HIG)
(d) Above 2400 Sq. L't

Family Information
1. Family Size
(a) Below 13 Yrs. of Age
{b) Berween 15 — 25 Yrs. of Age
{c) Between 25 — 60 Yrs. of Age
{d) Above 60

2. Earning Members

a. Earning Member 1
Profession:
1. Agriculture
ii. Service
iil. Business
iv. Labor Work
v. Other (specify)

b. Earming Member 2
Profession:

I. Agriculture

- ==
VAC {'O'Um’%;r
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ii. Serviec
iii. Business
iv. Labor Work
v. Other (specify)
¢. Family Income ’
f. Lower Income Group (up to 1.5 Lakh)
il. Lower Middle Income Group (between 1.5 to 3.5 Lakh)
iii. Upper Middle Tncome Group (between 3.5 to 8 Lakh)
iv. Higher Income Group (above 8 Lakh) |

CERTIFIEL
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Appendix C: Kabadiwala questionnaire

Demographic questions

1. Hame

2. Age

3. Do youown a phone/smart phone?
Business questions

What are your timings?
Haw many households do you collect from daily?

9l B b

Do seme households not give waste to you? Why?

Waste profile

Yrhere do you work/which neighborhoods do you collect from?

Is any overlap with other D2D collectors in the neighborhoods you collect?

~
o
”~
~
~
-~
A,
”
~
N
~
"
A 1. On average, how much material do you collect during one day?

2. On average, how much value material do you collect daily?
e 3. Do you know other waste pickers in the city? How many?

4. Who do you sell your material to? Where are they located?
2 5. How often do you sell your material? l
: Material Buy Price (Re/kg) | Sell Price (Re/kg) | K& collected per i
~ B Newspaper I
~ gfrdboard ' _ - '
~ Glass/Glass Bottles
"~ Plastic Bottles -
™~ Aluminum
A | PET i
~ ! Tin '
~ Rubber h
~ Electronics
n Hair h
Fa i Metal
" Polythene |
PN ==
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Appendix D: Cost, GHG and employment of technologies
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LANDFILL | ]
Fixed cost [Rs.)
Mixed Variable cost/ton (Rs.} 205,415
Mixed Revenue/ton {Rs.) |
Segregated Variable cost/tan (Rs.) 205,415
Segregated Revenuefton {Rs.) O
GHG [COz-eq/fton) 2172
Mixed Labor/ton 032
Segregated tobor/ton ' 032
Space (mA2) 220,000
BICGAS
0.1b 0.5b 2b 5b 100b
Flxed cost (Rs.) 74,722 201,811 691,342 1,296,329 17,199,833
Segregated Varlable cost/ton (Rs.) 20,303 20,303 20,303 69,803 69,80
Segregated  Revenue/ton (Rs.) 227,078 227078 227,078 227,078 227,07
GHG (CO-eq/ton) 51 -51 51 51 -53
Segregated Labor/ton 3.00 1.00 150 1.00 0.3
Space (m”2) ] 50 160 500 1,000
COMPOSTING
0.1c 0.2c 2¢ 100¢ 200¢
Fixed cost (Rs.) 30,117 134,954 556,255 9,675,603 11,295,603
Mixed Variable cost/ton {Rs.} - B 131,629 141,503
Mixed Revenue/ton [Rs.) - . - 69,300 69,800
Segregated Variable cost/ton {Rs.) ] 76,022 101,363 164,027 171,853
Segregated  Revenue/tan (Rs.} 237,600 237,600 237,600 237,600 237,600
GHG [COz-eq/1on) 24 24 24 24 24
Mixed Labor/ton - - - 0.20 015
Segregated Labor/ton 3.00 2.50 1.05 0.20 0j15
Space (mA2) 100 200 2,000 100,000 200
PELLETIZATION
0.5p ip 2p Sp 10p
Fixed cost |Rs.) 478,292 696,082 1,079,185 1,934,048 2,881,03
Segregatad Variable costfton [Rs.) 184,800 161,700 297,243 285,698 262,558
Segregated Revenue/ton (Rs.) 330,000 330,000  330.000 330,000 330,po0
GHG (COzeq/ton) -42 -42 42 -42 -4 2
Segregated Labor/ton 4.00 3.00 2.00 1.20 1j00
Space {(mA2) 47 g4 140 279 372
GER lir Icy
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Appendix E: Muzaffarnagar bulk generator ;;olicy

It is to be informed about user charges in health department of Municipal Corporation, Muzaffarnagar
that a company named A2Z has been working for Solid Waste Management. According to an agreement
between the Company & the Corporation there was a contract of increase of 5% after 3 years & 5%
annually increase each year. According to a demand of tipping fees increase by A2Z mE::ny which are
acceptad by the Government gazette U.P. on 7" May, 2011. The user charges have modified as
follows, which approval are expected by the board.

The detail description is as following:

According to the UP Gowt.,, Urban Development Section-7 Govt, Order ne. 3680(1)/9-7-2004-1291/02
Lucknow, Dated 12 Oct., 2004, a new guideline has been issued under the block (B) of sub section {2)H(f)
of section no. 296, 297 & 298 of Municipal Corporation Act, 1916 has been given-

Modified By-laws
1. Municipal Corporation means the Municipal Corporation area of Muzaffarnagar.
2. User Charges area stands for the all areas under the Municipal Corporation, Muzaffarnagar & in
future all the areas which are included in it will be considered under it.
3 Executive Officer means Executive Officer of Municipal Corporation, Muzaffarnagar.
4, Authorized Officers stands for the Officers of Municipal Corporation, Muzaffarnagar who are

autharized for this by the Executive Officer from time to time.

5 User Charges fee is that which will be charged by A2Z door to door trash coll%ction under the
area of Municipal Corporation, Muzaffarnagar

6. User Charges fee will be charged every month according te rule 12 of the Fee By-laws.

7 The user charge will be collected by the authorized agencies. No charges will be taken without
receipt. This is Payer's duty to keep the receipt carefully and to be presented en demand of the
authorized officers of Municipal Corporation, Muzaffarnagar or authorized agency. The
collection will be deposited in the Municipal Corporation Fund the very next day by the
collector. It will be checked by the Executive Officer/Autharized Officer or Acmrnt Officer from

time to time.

8. The user charges will be taken for the coltection of trash from the campus of residential/non-
residential buildings

9, After applicabie of this By-laws nobody will throw the waste materials on roads/gutters/public

places or open spaces.
10. If the user charge is no paid, the Executive Officer or Authorized Officer/ Agency have right to

collect the 20 times more charge of payable amount according to this By-laws,
11.  According to rule 12 the rates of user charges for living and non living premises will be increased
10 % in two years, the rates can be changed by government from time to time. r
12. User charges for the use of Municipal Corporation services {(door to doo%elg:tion]
”

QTIC[FD
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Residential Descri;tinn ! ate per
_ h (Rs.)
Category A ) BPL families and the campus free from house tax 20.00
Category B The residential units up to 200 miters area 40.00
Category C The r_esi"q'ential units over 200 miters area - | 50.00
Category D Housing Societies and multi floor buildings flats l
; Up to 3 BHK 40.00
More than 3 BHK 50.00
Non Residential
Category A o Shops up to 200 fit area ]S0.00
Category B Shops & Commercial installation more than 200 fit area (Differ 100.00
- from Shopping Complex)
Category C public Schools and Professional Coaching up to 100 students
j Public Schools and Prefessional Coaching up te 500 students FOD.OD
Public Schools and Professional Coaching more than S00 '
students 300.00
| | 500,00
Category D Enginearing College, Medical College, Management Callege & = |

Private UG/PG college, Center, Shopping cum Cffice Complex, 500.00
Hostels of Private tducational Institutes

Category E ! Centra! Govt. Offices, UP Gowt. Offices, Power Corporations,
Telephone Exchanges, PWD, Bank offices, LIC offices etc, |
Lodges and Guest Houses & Hotel up to 10 rooms, Govt./Semi | 500.00
Govt./Private Hospitals, Cooperative Societies

g&tegch, Marriage Home, Malls, Banquet Halls, Clubs, Cinema Halls,

| Restaurants', Hotel/Guest House more than 10 rooms J[OOO.DD

By using the power given in section 299(1) of Municipalities Act, 1916, the Municipal
Corporation orders that it is punishable to disobey any rule of this By-laws, which is 1000.00 conviction
for first time and if found regularly to be fined extra Rs. 25 per day from the date of first conviction or
from the next day of notice, Issued by Executive Officer or Authorized officer of COrpom[:n.

The Chairman had ordered on dated 23.06.2016 to produce the proposal of increasing the user
charges in Municipal Corparation area according to the above description before the board for approval.

On the proposal submitted, Sh. Cmbir Singh, Hon'tle Member proposed that it should be

notified under. Later on is was proposed by 5h. Vivek Garg Hon'ble Member tﬂat the details of
restaurants under non-residential category F should be described because some restaurants are very big
- and some are small. So the restaurants of 20 yards covered area should be charged Rs. 200, 40 yards
covered area Rs. 400 and more than 40 yards area 1000 rupees will be charged as user charge, which
was supported by the present members of House and letter on it was decided unam'fnously that the

proposal is accepted with the above changes. c ERT' F 'ED
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Appendix F: Bulk generator questionnairé

HOTELS

O e wN e

Name and address of the facility
Category (Small/Medium/Large)
Number of rooms available
Number of guests per week
Number of guests per annum
Waste generated per day

RESTAURANTS & DHABAS

BB o o

Name and address of the facility
Category (Small/Medium/Large}
Number of seats available
Number of guests per day
Number of guests per week
Number of functions per week
waste generated per day

BANQUET HALLS

Ava W=

Name and address of the facility
Category (Small/Medium/Large)

Hall capacity

Functions per month

Average function strength

Average waste generated per function

CINEMA HALLS

NO WM

Name and address of the facllity
Category {Small/Medium/Large)
Number of seats available
Shows per day

Number of tickets per day
Number of tickets per week
Waste generated per day
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