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ABSTRACT

Uncontrolled growth of the urban population in developing countries in recent years has made solid waste
management an important issue, so the system for collection of solid waste thus constitutes an important component
of an effective solid waste management system. Waste collection become more complex in developed countries in
terms of logistic, fuel , labor cost and air pollutants emission. In this study, solid waste collection routes
optimization using Geographical Information System (GIS Arc View) was investigated. The present route were
optimized to reduce the length of the routes and consequently the time taken to complete the collection. The
problem of waste collection in Jabalpur city has been considered where sources are dispersed by varied way. In this
work, the waste transportation problem for time and cost effective waste management system design has been
carried out. The present study is to analysis the various research papers to optimize a route upgrading associated
with the current routes taken by the solid waste collection trucks in the Rampur area (Jabalpur); and shows a better
performance in terms of fuel consumption, emissions from the trucks and less operational costs, making it a solution
to urban environmental management.

Keywords: Municipal solid waste management, waste collection , Route Optimization, urban area, Arc GIS

software , Geographical Information System (GIS).

I. INTRODUCTION

Solid waste generated by the daily activities of the
people needs to be properly managed in such a way that
it minimizes the risk to the environment and human
health. Inadequate collection and disposal of solid waste
is a major factor in the spread of disease and
environmental degradation. One of the most visible
problems in the provision of solid waste management
(SWM) is the collection route developed and save the
cost of fuel and time of service of the solid waste, which
is the subject of this paper. Solid waste management is
undoubtedly an increasingly important element in terms
of efficiency and profitability for any municipality .The
routing optimization problem in waste management has
been already explored with a number of algorithms.
Moreover, the successful implementation of vehicle
routing software has been aided by the exponential
growth in computing power since 1950, the emergence
of accurate and sophisticated Geographic Information
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Systems (GIS) technology induced multiple algorithmic
solutions.

Solid waste management today is made difficult and
costly by the increasing volumes of waste produced, the
need to control what are now recognized as potential
serious environmental and health effects of disposal, the
lack of land in urban areas for disposal purposes, partly
due to public opposition to proposed sites. Waste
management, once strictly a local and private sector
matter, now involves regional, state and federal
authorities. Various legislative initiatives and procedures
have been activated within the last few years in the
leading industrial countries.' The two primary reasons to
have solid waste management on a regional instead of
on the level of local towns and cities, which is the
current practice, are economical and technical and

political feasibility.
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II. Objective of the Study

The objective of the present study is to give a review
about how to reduce the amount of the exhaust
emissions from trucks used in solid waste collection
process by means of optimized routes based on various
research papers as well as practical conditions.

Description of city of Jabalpur

Jabalpur lies on the banks of the Narmada River and
sprawls over the plains of its tributaries Hiran, Gaur,
Ken &Sone. Geographically, the city is located at 23°10'
North latitude and 79°57" East longitude, at an altitude
of 393 meters above mean sea level. The topography of
Jabalpur is unique.The territorial jurisdiction of the
municipal corporation spans 106.19 sq. km.The current
(2011) population of Jabalpur is 1.82 million (2017).
The city has experienced relatively moderate growth
rates in population during the last two decades- 1981-91
& 1991-2001.The population density of Jabalpur is 478
persons per square kilometer. The district is divided in 13
zones and 79 wards.In this research work, a Giriraj
Kishore ward was chosen as the case study area Which
comes under zone three that is Rampur zone. The ward
no is 11 the population of the ward is 16,349 and the
number of households in this ward is 2,629 as per 2011
census.

III. Literature Review based on previous
study

The sheer amount of Municipal Solid Waste (MSW)
produced from residential and commercial activities has
posed a big threat to the modern society, especially to
large cities by causing environmental issues such as
greenhouse gas emission, leakage of leachate and
contamination of air, soil and water resources. The urban
managers are keen on improving MSW management to
mitigate the environmental impacts and to improve the
sustainability of their cities.

Ali Mirdar Harijani et al (2017) proposes a systematic
approach to build an integrated recycling and disposal
network for MSW by explicitly considering the
sustainability with an objective to maximize the total
profit with a budget constraint. A multi-period mixed
integer linear programming model was proposed to

design the network optimally as well as to optimally
operate the network. The optimization model involves
decisions related to facilities selection, capacity level
and location of facilities, allocation of solid waste to
facilities, transportation of waste among facilities and
distribution of recycled materials. This paper also
extended the developed social life cycle assessment
methodology to model the social impacts of the network.
The model was applied to a real-world case in Tehran,
Iran, and could provide the profit of USD 43.49 M over
a five-year planning period. In order to show the impacts
of sustainability and budget limitations, the model was
compared with three models: 1) the model without
sustainability, II) the model without budget limitations
and III) the model without sustainability and budget
limitations. The models I and III led to the loss of USD -
308.60 and - 362.80 M, which are not desirable. This
shows the consideration of sustainability will improve
the profit in the long term. The model II could provide
the profit of USD 99.73 M over a five-year planning
period, indicating that limited budget have significant
impact on the way the recycling network is operating.

Angelina Vitorino de Souza Melaré et al (2016)
presents a systematic review on scientific publications
concerning decision support systems applied to Solid
Waste Management (SWM) using ICTs and OR in the
period of 2010-2013. A statistical analysis of the eighty
seven most relevant publications is presented,
encompassing the ICTs and OR methods adopted in
SWM, the processes of solid-waste management where
they were adopted, and which countries are investigating
solutions for the management of solid waste. A detailed
discussion on how the ICTs and OR methods have been

combined in the solutions was also presented.

A mathematical model which adopts integer linear
programming and mixed integer programming has been
developed by C.K.M. Lee et al (2016) for Hong Kong
municipal solid waste management. A sensitivity
analysis was carried out to simulate different scenarios
which provide decision-makers important information
for establishing Hong Kong waste management

system.

Xiaoyun Bing et al (2015) compares municipal solid
waste (MSW) management practices in various EU
countries to identify the characteristics and key issues
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from a waste management and reverse logistics point of
view. Further, we investigate literature on modelling
municipal solid waste logistics in general. Comparing
issues addressed in literature with the identified issues in
practice result in a research agenda for modeling
municipal solid waste logistics in FEurope. Author
conclude that waste recycling is a multidisciplinary
problem that needs to be considered at different decision
levels simultaneously.

Christian Riuji Lohri et al (2014) presents a cost-
revenue analysis, based on data from July 2009 to June
2011. The analysis reveals that overall costs in Bahir
Dar’s SWM system increased significantly during this
period, mainly due to rising costs related to waste
transportation. On the other hand, there is only one
major revenue stream in place: the waste collection fee
from households, commercial enterprises and
institutions.

As the efficiency of fee collection from households is
only around 50%, the total amount of revenues are not
sufficient to cover the running costs. The results of thr
research therefore how that a more detailed cost
structure and cost -revenue analysis of this waste
management service is important with appropriate
measures, either by the privates sector itself or with the
support of the local authorities, in order to enhance cost
efficiency and balance the cost- revenues towards cost
recovery. Delays in mitigating the evident financial
deficit could else endanger the public-private partnership
(PPP) and lead to failure of this setup in the medium to
long term, thus also endangering the now exiting
improved and currently reliable service. Author presents
four options on how financial sustainability of the SWM
system in Bahir Dar might be enhanced: (i) improved
fee collection efficiency by linking the fees of solid
waste collection to water supply; (ii) increasing the
value chain by sales of organic waste recycling products;
(iii) diversifying revenue streams and financing
mechanisms (polluter-pays-, crosssubsidy-and business-
principles); and (iv) cost reduction and improved cost-

effectiveness.

H.A. Eiselt & Vladimir Marianov, (2014) introduces
the landfill siting problem by way of (usually ill-fated)
examples. It then discusses different classes of decision-
and formulates

making models a generic cost-

minimization model for that purpose. It continues to
describe some multi-criteria decision models that have
been used for landfill siting. The paper then surveys
landfill location models that have appeared in the
literature during the last forty years. The work concludes
with a framework that “zooms in” and uses existing
techniques to determine sites for solid waste facilities.

Davide Anghinolfi et al (2013)focused on recycling
management and on the dynamic optimization of
materials collection. The developed dynamic decision
model is characterized by state variables, corresponding
to the quantity of waste in each bin per each day, and
control variables determining the quantity of material
that is collected in the area each day and the routes for
collecting vehicles. The objective function minimizes
the sum of costs minus benefits. The developed decision
model is integrated in a GIS-based Decision Support
System (DSS). A case study related to the Cogoleto
municipality presented to show the effectiveness of the
proposed model. From optimal results, it has been found
that the net benefits of the optimized collection are about
2.5 times greater than the estimated current policy.

Katja Buhrkal et al (2012) study the Waste Collection
Vehicle Routing Problem with Time Window which is
concerned with finding cost optimal routes for garbage
trucks such that all garbage bins are emptied and the
waste is driven to disposal sites while respecting
customer time windows and ensuring that drivers are
given the breaks that the law requires. Author propose
an adaptive large neighbourhood search algorithm for
solving the problem and illustrate the usefulness of the
algorithm by showing that the algorithm can improve the
objective of a set of instances from the literature as well
as for instances provided by a Danish garbage collection
company.

The sustainability of the waste management in the city
of London is attributed to the continuous improvement
strategy framework adopted by the city based on the
principles of integrated waste management. It is
perceived that adopting a strategic framework based on
the principles of integrated waste management with a
strong political and social will, can transform the current
waste management in Kumasi and other cities in
developing countries in the bid for finding lasting
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solutions to the problems that have plagued the waste
management system in these cities.

Solid waste collection and hauling account for the
greater part of the total cost in modern solid waste
management systems. In a recent initiative 3,300
Swedish recycling containers have been fitted with level
sensors and wireless communication equipment thereby
giving waste collection operators access to real-time
information on the status of each container. In a previous
study (Johansson, 2006), analytical modeling and
discrete —event simulation have been used to evaluate
different scheduling and routing policies utilizing the
real-time data, and it has been shown that dynamics
scheduling and routing policies exist that have lower
operating costs, shorter collection and hauling distances,
and reduced labor hours compared to the static policy
with  fixed and pre-determined pick-up
frequencies employed by many waste collection
operators today. Ola M. Johansson and Rolf Johansson
(2008) study further refining the scheduling and routing
policies by employing a model predictive control (MPC)
framework on the system. In brief, the MPC controller
should minimize an objective cost function consisting of
fixed and variable collection and hauling costs for a
fixed future horizon by calculating sequence of tactical
scheduling and routing decisions that satisfies system
constraints using a receding horizon strategy.

routes

Solid waste collection processes are usually carried out
by using truck with diesel engine. In solid waste
collection process, the trucks emit to environment
different emissions from its exhausts. For this reason, in
solid waste collection process, it is necessary that route
optimization should be performed in order to decrease
the emissions. The study was performed by Omer
Apaydin and M Talha Gonullu (2008) in Trabzon city
with 39 districts, a shortest path model was used in order
to optimize solid waste collection/hauling process,
emissions increase due to empty miles negativeness. A
software was used as an optimization tool. The software
provided Geographical Information System (GIS)
elements such as numerical pathways, demographic
distribution data, container distribution data and solid
waste production data. In addition, thematic container
layer was having 777 points for the entire city. By using
the software, the optimized route was compared with the
present route. If the optimized route in solid waste

collection system is used, route distance and route time
will be decreased by 24.6% and 44.3% as mean of nine
routes, respectively. By performing the stationary
container collection process and route optimization, it is
determined that CO,, NO, , NOx HC , CO , PM
emissions will be reduced 831.4, 12.8, 0.4, 0.7 g per
route, respectively.

IV. Municipal solid waste management
system overview in Jabalpur city

The primary sources of solid waste in Jabalpur City are
local households, markets, commercial establishments,
hotels, restaurants, and hospitals. The total quantity of
waste generated per day is in the order of 411 tons at the
rate of 432 gpcd. In the absence of significant tourism-
related activity, there is no significant seasonal variation
in the quantity of waste generated. The MCJ is
responsible for collection, transportation and disposal of
all solid waste generated in the city, except the untreated
bio-medical waste and hazardous industrial waste, which
is the responsibility of respective generators. MCJ has a
network of community level waste collection points, the
majority of which are in the form of open grounds. The
Corporation organizes the collection and transportation
through a team of its own conservancy workers and a
fleet of vehicles and dumper-placers. The Corporation
has also privatized waste collection and transportation
activities in some wards of the city. The waste collected
is disposed at dumping yards on the outskirts of the city
without any treatment. A number of rag pickers make
their livelihood by salvaging recyclable waste from
The Health
Department of the Corporation is vested with the

collection points and dump yards.
responsibility of day-to-day solid waste collection and
disposal. The estimated quantity of waste collected and
disposed is about 330 tons per day - a collection
performance of about 70 per cent.

A. Waste Generation

In Jabalpur, about 450 metric tonnes of solid waste is
generated from both household and commercial sources.
On the average, 0.432 kg per capita of household solid
waste is generated in the city of Jabalpur per day. In the
year 2017, a total of 450 metric tonnes of both
residential (58%) and non-residential (42%) waste was
managed in the city of Jabalpur. It is estimated that
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households generate the highest amount of waste,
followed by Markets, then industries with the least from
institutions although the exact proportions could not be
provided.The waste generation rate in the municipality is
expected to increase by 15% by the year 2020.

B. Waste Composition

The composition of household waste in the city of
Jabalpur is shown in Table 3.1.
(S.P. Gautam et al)

S.NO. Components High % Middle Low

(by

weight)
1. Paper 9 6 4
2. Plastic/Polythenes | 14 17 214
3. Textiles 1.5 3 2
4. Rubber 1 2 1.2
5. Metal 0.8 0.5 0.3
6. Glass 3.2 4.2 1.3
7. Food wastes 30.2 28.5 24.4
8. Soil 38.5 373 42.2
9. Miscellaneous 1.8 1.5 3.2

Table 3.1. Composting of municipal solid waste in high,
middle and low socioeconomic localities

C. Government law and regulation

Legislation concerning waste is usually differentiated
according to the type of waste. International conventions
often cover nuclear and hazardous waste, whereas
nonhazardous waste, often called solid waste is usually
more regulated at the national level. From an
environmental angle the following environmental rules,
regulations and acts would be the most relevant for

MSWM:

1. Municipal Solid Waste (Management & Handling)
Rules 2000, notified by the ministry of Environment
and Forests, Government of India vide notification
No. S.0.908 (E) dated 25th September 2000. The
guidelines given in this law covers all the functional
elements of municipal solid waste management.

2. The Water (Prevention and Control of Pollution)
Act, 1974. Two aspects have to be kept in mind of
this law in regard to MSWM. Firstly, a consent from
the state pollution control board for establishment of
a sanitary landfill site and compost plant is essential
and secondly, no water pollution should be caused
by the leachate that is emitted by the sanitary landfill
site or a compost plant.

3. The Water (Prevention and Control of Pollution)
Cess Act, 1977 and amendments thereon. The only
aspect that should be considered in this law in regard
to MSWM is provision for levying and collection of
cess on water consumed for the sanitary landfilling,
composting and anaerobic digesters.

4. The Air (Prevention and Control of Pollution) Act,
1981 and amendments thereon. The aspects to be
considered in this law with respect to MSWM is the
need for obtaining consent from the State Pollution
Control Board for establishment of the processing
plants and disposal site and from an environmental
aspect would be the pollution caused by incineration
plants, compost plants and landfill sites.

5. The Environmental (Protection) Act, 1986 and its
subsequent notifications. The aspect in regard to
MSWM would be the EIA notification, 1944, which
states that for any project to be authorized an EIA
report should be submitted first.

D. Challenges for MSWM
enumerated by city authority

in Jabalpur as

Current challenges to waste management in city

authority’s face are:

1. Inadequate funding for capital investment for
effective delivery of waste management services.

2. Inadequate equipment holding culminating in
limited coverage of service delivery

3. Inadequate bye-laws and lack of enforcement of
available ones.

4. Inadequate revenue mobilization to finance Waste
Management Service costs.

5. Bad attitude of residents such as indiscriminate
disposal of household waste and littering due to lack
of effective environmental health education and
service promotion strategy.

6. Poor infrastructure, particularly road networks and
waste collection points, mostly in new settlements,

which impacts negatively on service delivery.

V. Conclusion

At present study, it is analyse on the base various
research paper how the collection and
transportation problem considered which is arising when

waste

planning an effective waste management system. The
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problem of waste collection in Jabalpur city has been
considered where sources are dispersed by varied way.
In this work, the waste transportation problem for time
and cost effective waste management system design has
been proposed out.

[4].
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