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Preface 
Abstract 
 
Waste management is a global environmental issue which concerns about a very significant 
problem in today’s world. There is a considerable amount of disposal of waste without proper 
segregation which has lead to both economic and environment sufferings. It is still practiced 
in many cities. There is a tremendous amount of loss in terms of environmental degradation, 
health hazards and economic descend due to direct disposal of waste. It is better to segregate 
the waste at the initial stages where it is generated, rather than going for a later option which 
is inconvenient and expensive. There has to be appropriate planning for proper waste 
management by means of analysis of the waste situation of the area.  
This paper would deal with, how Geographical Information System can be used as a decision 
support tool for planning waste management. A model is designed for the case study area in 
an Indian city for the purpose of planning waste management. The suggestions for 
amendments in the system through GIS based model would reduce the waste management 
workload to some extent and exhibit remedies for some of the SWM problems in the case 
study area. The waste management issues are considered to solve some of the present 
situation problems like proper allocation and relocation of waste bins, check for unsuitability 
and proximity convenience due to waste bin to the users, proposal of recyclable waste bins for 
the required areas and future suggestions. The model will be implemented on the Aurangabad 
city’s case study area data for the analysis and the results will suggest some modification in 
the existing system which is expected to reduce the waste management workload to a certain 
extent. 
 
 
Key Words: Solid waste management (SWM), waste management planning, municipal 
waste, waste bin allocation, Geographical information system (GIS). 
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Chapter 1 of this report offers an introduction to the solid waste management  and  the 
contribution of GIS in it. It includes the methodology adopted in the paper and a Conceptual 
model which demonstrates the flow of the methodology of the thesis. 
 
Chapter 2 carries the literature reviews of the three waste management models designed for 
different Indian cities. It discusses about the papers and carries a critical analysis of the three 
paper works.  
 
Chapter 3 discusses about the waste situation in Aurangabad city.  It draws a outline of the 
situation and states about several issues relater to waste management situation and the 
problems arising due to them.  
 
Chapter 4 is about the data, its collection and preparation method, the sources of their 
availability and its limitation are discussed.  
 
Chapter 5 forms a frame of guidelines for the design of the proposed model for waste 
management planning and consideration of different factors and constrains in the model 
designing process. 
 
Chapter 6 contains the GIS workflow model which is designed for the case study area waste 
management planning. There is detail description of all the key components of the model. 
 
Chapter 7 discusses about the implementation of model on the case study area and the results. 
The results are discussed in detail following with recommendations and future studies. 
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Chapter 1 

 

Introduction 
 

1.1 General Preview 
 
The environment is heading towards a potential risk due to unsustainable waste disposal.  It is 
a sensitive issue which concerns about serious environmental problems in today’s world. The 
present situation of direct dumping of the waste without proper inspection and separation 
leaves a serious impact of environmental pollution causing a tremendous growth in health 
related problems. “Domestic, industrial and other wastes, whether they are of low or medium 
level wastes, they are causing environmental pollution and have become perennial problems 
for mankind.” (Ramasamy SM, et. al., 2003). If this situation is not handled in a proper 
manner within time then it would lead to worse consequences on a global level.  
There has been awareness regarding waste management amongst many countries.  There has 
been development of new technologies for improving the waste management systems. GIS is 
one of the new technologies which have contributed a lot in very less time span to the waste 
management society.   “The Geographic Information System (GIS) helps to manipulate data 
in the computer to simulate alternatives and to take the most effective decisions.”(L. 
Narayan., 1999)  
 

1.1.1 What is Solid Waste? 
 
It is a bit complex to summarise the total meaning of the term solid waste in a single 
definition. In a wider term waste can be said as, the items which are no more in use and are 
not expected to be used in future either. The only solution to these items is to destroy them. 
There are also some technical descriptions to the term solid waste which are; “Solid waste is 
the term used to describe non-liquid waste materials arising from domestic, trade, 
commercial, agricultural, industrial activities and from public services.” (S. Palnitkar., 2002). 
“The ‘Municipal Solid Waste’ includes commercial and residential wastes generated in 
municipal or notified areas in either solid or semi-solid form excluding industrial hazardous 
wastes but including treated bio-medical wastes.” (MoEF., 2000). Though the definition of 
the term will remain same in all times but it changes its features in different times. There is a 
large variation in solid waste from country to country. The type of solid waste depends on the 
commodity usage and lifestyle of the people.  
 

1.2 Contribution of GIS in SWM 
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There are several phases in solid waste management, right from the stage where it is 
generated till it reaches its final destination or at a stage where it is no more a threat to the 
environment. It is observed that solid waste management can be bifurcated into mainly two 
phases. One is the waste management in the area where it is generated and second is the 
management of waste at dumping grounds. This paper will cover the first phase which deals 
with the municipal waste management within the city limits. This includes the issues related 
to the waste generation, their storage, collection and removal from the collection points.   
The waste is generated in all areas but there is large variation in its type and quantity. 
According to (R. K. Garg., 2002), the quantity and nature of the waste generated vary with the 
activities and with the level of technological development in a country. “The issue of waste is 
not only because of the increasing quantities but also largely because of an inadequate 
management system.” (E. Tinmaz & I. Demir., 2005). The analysis of this variation would 
give the information which could make it easy to understand the area’s waste generation 
nature and trend. This trend can help to propose a proper waste management system that 
could recognise this variation. The suggestions made after considering these variations would 
maintain a balance in this variation by considering the areas which generate more or a 
different category of waste. Also there is some general categorisation in the waste generation 
which also helps to analyse the waste generation ternds. These trends are useful while 
planning waste management. An analysis done in this systematic way can bring out the 
appropriate remedies for the solid waste management applications. GIS could help in dealing 
with several factors simultaneously which needs to be considered while planning waste 
management. “GIS is a system of computer hardware and software, designed to allow users to 
collect, manage, analyse and retrieve large volume of spatially referenced data and associated 
attribute data collected from a variety of sources.”(S. Upasna & M. S. Natwat., 2003). 
There are also lot of planning aspects in waste management. A good planning would support 
proper management policies. There are several problems which need to be treated with 
decisions taken considering all the related factors. Often the order and the amount of 
preferences given to these factors, decides the decision’s credibility. Manual methods adopted 
for analysis of many factors would be a lengthy and tedious work. Also there are possibilities 
of errors while merging the spatial and non spatial data. But in GIS, as the work is carried in 
layers, there are least chances of confusion or error and the system is capable enough to 
coordinate between spatial and non spatial data. “The spatial operation is normally performed 
in conjunction with GIS functionality found in most GIS software.” (G. J. Lunkapis., 2004). 
GIS is a good decision support tool for planning waste management. There was a research 
conducted for Landfill site selection in Malaysia and it was mentioned in the report (G. J. 
Lunkapis., 2004) that, the purpose of the research was to use Geographic Information System 
(GIS) as a tool to aid the decision-making process and to test its effectiveness using some 
established government guidelines.  Due to the multifunctional feature of the geographical 
information systems, the information can be related spatially with a very good flexibility to 
exchange, compare, evaluate, analyse and process it. “By assessing the location of something 
and then combining it with what’s around it, you’re able to make a decision you were never 
able to make before,” said Erich Seamon, GIS manager for San Francisco. (Wired News 
Publication website)  
 

1.3 Methodology 
 
The aim of this paper is to analyse the present waste management situation in the case study 
area of Aurangabad city, India and evaluate the problems that arise due to short comings of 
the waste management system. On the basis of the analysis and related literature reviews, a 
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model will be proposed that could be able to improve the waste management situation. The 
proposed suggestions for amendments in the system through GIS based model would reduce 
the waste management workload to some extent.  
The methodology includes the collection of information about the waste management 
situations in Aurangabad city and preparing a database about the waste situations of the case 
study area. Analysis of the present waste situation and recognize the problems faced in the 
system. The paper will also carry out a literature study of some examples of GIS work for 
waste management in Indian situations. This study will include a discussion and a critical 
analysis of the models. The study analysis will help to learn about the different waste 
management problems their analysis and the way GIS has been used to deal with waste 
management in different situations. On the basis of the present situation analysis, the data 
availability of the case study area and the study analysis, the framing of guidelines for the 
work to be proposed in dealing with waste management planning for the case study area will 
be carried out. By this method some guidelines for the model will be organized which would 
be the baseline for the proposed model. In the proposed model the waste management issues 
are considered to solve some of the present situation problems like proper allocation and 
relocation of waste bins, check for unsuitability and proximity convenience to the users, 
proposal of recyclable waste bins for the required areas and future suggestions. Finally the 
model will be implemented on Aurangabad city’s case study area data for the analysis and the 
results will suggest some modification in the existing system which is expected to reduce the 
waste management workload to a certain extent. The methodology adopted in this thesis is put 
forth through a conceptual model. This would make it more comprehensible to have an idea 
of the direction flow of the methodology adopted.   
 

1.4 Conceptual Model  
 
The figure 1.1 is of the conceptual model which demonstrates the methodology adopted for 
the use of GIS in waste management planning in this paper. The flow of the model indicates 
the different steps carried in the methodology adopted for the waste management planning 
proposal. This model was quite helpful to frame the methodology and the flow of this model 
also suggested the chapters to be included in this paper. 
 
The city information is available in four different medium. The information from all these 
mediums has to be brought on a common platform where they can be linked together with 
each other. As the information is about the same location, they can be correlated. This will 
form a complete set of data with both spatial and non spatial information. This would fulfil 
the basic principle of GIS to relate the information spatially. 
There are four means from where the data is available, which are stated bellow;  

• The maps containing the spatial information.  
• The spatial data, which gives the information about the location of different articles. 

This spatial information was correlated and later incorporated on the maps. The 
information was about the location of waste bins and other building locations.  

• The third is the attribute information. This forms the attribute data giving the 
information about the spatial elements.  

• The other information source was through interview, questionnaires and online source.  
 

The interview with the municipal official provided the information about the existing working 
pattern of the municipal waste management. The questionnaire was for the public and was 
prepared in the later stages so that the information which was not covered in the above stated 

 13



Using GIS in Solid Waste Management Planning: A case study for Aurangabad, India.                     

methods was tried to extract through the questionnaire. Also there was a necessity to know 
public behaviour regarding the waste management and to get their opinion in this regard. 
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GIS APPLICATIONS IN SWM 
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SCANNING 

GEO-REFERENCING 
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Figure 1.1: Conceptual Model 
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The database was prepared from all the available information about the city SWM situation. 
This included the scanning of the city and detailed maps, geo-referencing the scanned maps 
and finally digitizing them to prepare the primary data. Maximum data was tried to be 
incorporated in the GIS data base. Also there was some information which could not be added 
in the database but it was important which had some local waste related information. Most of 
which was from the interview and questionnaire. It can be called as document information.  
  
An analysis of the present situation will be carried from the above stated city information to 
derive two key results. 

• First, the problems in the city due to the present waste situation.  
• Second, the limitations and the restrictions in city waste management system. The 

limitations are based on the local ground realities and constrains in the system. The 
limitations will give a clear boundary to the range of possible proposals that can be 
suggested to the SWM system. 

 
The study analysis of the literature will help to learn about the different waste management 
problems their analysis and the way GIS has been used to deal with waste management in 
different situations. The contribution of literature work will be in three forms.  

• First is the GIS application in SWM which will discuss about the general GIS 
applications for waste management. 

•  Second is the existing model study, this includes the overview and a discussion of 
three GIS models which have been designed for waste management. This will be a 
literature study of existing GIS work in the related field. At the end of the discussion 
of each paper there will be a number of critical views on the work. 

•  After this there will be a literature analysis of issues like waste recycling, recyclable 
waste market in India, and the contribution of rag pickers in waste management 
system, medical waste and a review of similar issues which needs to be considered in 
waste management. 

Then on the basis of all the above mentioned factors i.e. analysis of present situation and 
literature study, the frame of guidelines for the model to be proposed will be prepared. On the 
basis of those frame of guidelines the proposed model for the case study area waste 
management will be designed. The GIS based model is designed to reduce the waste 
management workload to some extent by solving some of the present situation problems. The 
model will be implemented on the primary data of the case study area using GIS software. 
The analysis will be carried out on the study area data to get the analysis results. Finally there 
will be a discussion on the results followed by conclusion. 
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Chapter 2 
 

GIS model analysis 
 

2.1 Model 1 
 
Logistic Management and Spatial Planning for Solid Waste Management Systems using 
Geographical Information System. 
This as an overview and a discussion of the paper, “Logistic Management and Spatial 
Planning for Solid Waste Management Systems using Geographical Information System” 
written by Arbindo Ogra and was published in Map Asia 2003. At the end of the discussion 
there are critical views on this paper work. 
 

2.1.1 City waste management background 
 
This system is designed for the conditions of Dehradun city in Indian. It is based on the 
practical observations regarding the functions and the time wise needs of the city. The city 
conditions are such that the inhabitants face a lot of problems due to improper management of 
solid wastes. This is not because the municipality is not doing their work properly or due to 
work negligence, but it is due to the old conventional working methods which need to be 
upgraded with the advanced system like GIS and a better management system. “Municipal 
bodies are unable to prove a 100% efficient system and even are not able to reach the 
efficiency of 60%.” (Ogra, A., 2003).  The maintenance and the management of data is an 
important thing which was found missing in the system due to which it was quite difficult to 
know about the systems functioning. The data should be managed in an integrated way to 
reduce the complexity of different issues related to the function of the work involved in the 
waste management system.  
 

2.1.2 Problems 
 
The commonly observed problems in the area or the key issues were; 

• The garbage is not lifted at regular intervals.  
• The waste bins are most of the time in a pitiful condition lying full of garbage without 

being cleaned and also bins are either uncovered or not lying upright.  
• There was no segregation of solid waste categories like paper, glass, polythene, food 

material etc.  
 On the other side the municipal authorities had their reasons for this mismanaged of the 
waste maintenance.  

• The citizens do not throw the waste inside the bins so it often lies outside and around 
the bins, making the area around the bin look dirty. 
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• The waste lifting capacity is quite less in comparison with the amount of waste 
generated in the city. 

• There is also a shortage of manpower, equipments and machinery. 
 

2.1.3 Other problems due to poor SWM 
 
Now the situation was such that there were several drawbacks of this garbage accumulation 
and even worse were its consequences, some of them are, 

• The biggest threat to a locality is, the waste could be a breeding ground for flies, 
insects, bacteria, fungus and many such micro-organisms. This could spread diseases 
and it would become worse during rainy season and the contamination might end up in 
some epidemic like cholera, malaria etc. 
• Bad odour is created around the garbage area, making an unbearable environment.   
• Poor waste pickers pose a serious threat to public health. 
• Animals like cats, dogs, goats and cows come to the garbage in search of food and end 
up in spreading the garbage around the bins. 
• The economic factor is also affected, the market value of a particular area decreases if 
there is a badly maintained waste area near by as it poses a bad aesthetics. 
• It overall leaves a  bad impression and poses a threat to the environment 

 

2.1.4 GIS approach 
 
The city conditions are such that the inhabitants face a lot of problems due to improper 
management of solid wastes. This is not because the municipality is not doing their work 
properly or work negligence but it is due to the old conventional working methods. 
“Municipal bodies are unable to prove a 100% efficient system and even are not able to reach 
the efficiency of 60%.”(Ogra. A., 2003). There are several areas where the municipal bodies 
are striving hard to provide best of their services for the betterment of the city. They even 
follow their methods promptly and perform their duties in a way that could run this system 
perfectly. In these kind of situations, there has to be a better and a refined system which is 
developed with the consideration of all the facts and figures of the situation. This can be 
achieved with the help of GIS which can handle different data forms like spatial as well 
attribute data simultaneously. The system seems to fell short in terms of its approaches to 
maintain a clean environment and it needs to be upgraded and refined. Solid Waste 
Management is one of the important areas where the problem arises from time to time. “One 
of the simplest way to bring innovations in any system is to document and study the existing 
system and bring the possible reforms by adopting appropriate measures at various levels 
through the introduction of innovative and cost effective solutions.” (Ogra. A., 2003). 
  
    
     The type of dataset which is required is the information about the areas where most waste 
is generated, the data related to the employees involved in the waste management programme. 
A systematic map with sufficient information related to the waste generated in different areas 
and even along the roads and junctions. 
 
     The working strategies which are been propose for Municipalities for the situation of the 
Dehradun city were as follows; 
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To provide a waste management service which can be acceptable on existing financial 
constrains. This action plan proposed two elements of the plan first the  creation of an 
efficient Management Information System (MIS)  & Geographical Information System (GIS) 
and the second the provision of planning and management such that there are possibilities of 
improvement in financial and institutional  support. Due to the financial constrains it was 
suggested to incorporate those options which can promote the improvement in the system 
without a major capital investment. So it was proposed to create the MIS and GIS 
information.  
It was found that the data related to SWM is not available on one platform for utilising it for 
proper decisions regarding the planning and management. In the existing situation the system 
lacks supervision of workers and a proper logistic management and spatial planning. 
According to (Ogra. A., 2003) through continuous planning and dynamic management these 
systems can be designed to have capacity meet demand on a continuous basis. The process of 
planning can not be stopped and suggested as an ideal for the system as the city situations of 
waste generation and the service requirements change in due course of time, so the planning 
also have to be upgraded and reconsidered. GIS can make the analysis of the situation and a 
future trend can be predicted which will help in planning for a long term. 
This system propose the collection of data from different sources and formation of the map 
layers like, ward and city map, demographic map showing the area wise population 
distribution, waste generation map of different areas, existing waste collection pattern from 
the bins, employment distribution in different wards, information about the other 
organisations involved in the SWM and existing route plan of waste lifting. From these layers 
the analysis can be done to derive the logistics and spatial planning. “The more the layers in 
terms of information, the more will be better decision analysis.” (Ogra. A., 2003).  There are 
some suggestions in this spatial planning proposal which are supposed to be considered while 
working in GIS, they are as follows; 
 

• Identification of exact location of waste bins, either with GPS or surveys and 
demarcating on the base map. 

• Maintaining a record of the waste bins 
• A map showing the quantity of waste generated in different areas. 
• A map showing the distances between the bins.  
• A record of the employees like, sanitary inspectors, sweepers etc should be 

maintained. This would help to study and workout the ratio of employees for the 
assignment of facilities and equipments for the assigned work. 

• Identification of existing waste lifting pattern 
• Presence of different private organisations, groups and associations which contribute 

to the waste management programme. 
• Location of the waste dumping ground/landfill site. 
• Record of the available vehicles and equipments for the waste management. 
• Identification of the areas for the display of hoardings for the bins. This would be an 

added benefit in terms of a good revenue generating means. 
• Allocating a unique number to all the waste bins so it can be easily and quickly 

located in case of any complaint registered or planning and maintenance. 
• Maintaining a record about the amount of waste being dumped at the landfill site. 
• Record of the responsibilities and assignment of work , equipments, vehicles etc.of the 

waste maintenance crew and also the logistics information about the transportation 
involved in the system. 
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• Assigning the responsibilities to the crew members by making groups and allotting 
them the specific areas of work. This would help in proper distribution of work. 

 
 
 

2.1.5 Planning and management 
 
In planning management it is discussed that the municipal body is responsible for the waste 
management in the city and therefore there should be a phase wise planning for the 
implementations of the action plans. As apart of the logistics management and spatial 
planning for waste management it is important to develop the adoptability of the system for 
the GIS based proposal.  
The first phase includes the training workshops for the employees of the municipal 
departments and other concerned users. This training would help them to get acquainted to the 
new concepts and technologies of GIS. 
The second phase is anticipated to have training on the database management and collection 
of different information for the attribute data. 
The third phase consists of selection of software and implementation of GIS in the area. This 
new implemented system is supposed to take up the major city waste management issues. In 
the future proposed works it is suggested to deal with the post implementation issues which 
may further evolve new systems. 
In the conclusion it has been discussed about the reformation in the concepts of the data 
management and the analysis carried with the help of GIS. Ones the waste management 
department is aware of the total functionality of the GIS system, it will get acquainted with its 
functionality. Then there will be an entire record of all the things related to the waste 
management and suitable logistic management and spatial planning can be achieved. This can 
be done with the help of GIS analysis on the different layers for practical implementations. 
 

2.1.6 Critical views 
 
 In Dehradun city waste situation it was discussed about the waste bin conditions with waste 
lying outside and around the bins. In this situation, apart from the inconvenience caused to the 
citizens it also makes it very inconvenient for the waste collectors to do their work properly. 
They have to collect that waste manually and it interrupts in their work. 
 There has been a proposal to maintain a inventory of the employees involved in the waste 
management programme so that data related to the employees involved in the waste 
management programme. This can help to analyse if the employees are sufficient in numbers 
to handle the situations or the work distribution can be done in shifts to make the work going 
with the limited number of employees. 
It was discussed about the use of GIS layers which can be worked upon using software like 
Arc GIS, Arc Map etc. to get the required information or a new layer from them. By applying 
the functions like overlaying, applying buffer for proximity analysis or by applying queries 
through a structured query language the required information can be extracted. 

• Demographic map can be used to know the more waste generating areas. 
• The category of waste like domestic, industrial, commercial etc can be found out 

easily with the help of the land use map. 
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• Existing location of the waste bins and the street maps will provide the proximity of 
the bins to the waste collection service routes. In case of any inconveniency for the 
waste collecting crew the bins can be re located. 

• A map showing the current waste generated and the waste generated in different 
wards, sectors and along the roads, streets and junctions. 

There has been enlisted some points which are said to be an important exercise to begin with. 
The points overall covers many waste management issues, but they are very generalise and 
require a lot of data and proper analysis using the GIS software. There will be a requirement 
to develop several models to apply all those points on the real time data.   
This project mainly emphasis on the management information system.  

 

2.2 Model 2 
 
A GIS based transportation model for solid waste disposal-A case study on Asansol 
municipality. 
This as an overview and a discussion of the paper, “A GIS based transportation model for 
solid waste disposal-A case study on Asansol municipality.” written by M. K. Ghosh, A.K. 
Dikshit & S.K. Sharma, published in Science Direct, September 2005. At the end of the 
discussion there are critical views on this paper work. 
 

2.2.1 Framework for waste collection system 
 
 In this paper it has been tried to propose an effective solid waste management system for 
municipal waste, excluding the waste categories like industrial, constructional and hospital 
waste. 
The following points were been considered in the framework of the proposed work of waste 
management plan;  

• Appropriate method of on-site storage. 
• Appropriate method of bulk storage of waste. 
• Appropriate method of primary collection of waste. 
• Appropriate method of transportation of waste using Geographical Information 

System (GIS). 
• Appropriate method of waste disposal. 
• Financial expenditure on whole solid waste management plan.                       

(M. K. Ghosh, et. al., 2005). 
 

     The city Asansol is situated in Barddhahaman district in the state of West Bengal, India. It 
is an industrial area and is spread on an area of 127.24 square kilometres. The waste 
management comes under the Asansol Municipal Corporation (AMC) which has 50 wards. 
The total number of households is 95,293 and there is an average occupancy of 5 per house.  
There are two major points covered in this paper. They are, planning of bins and optimising 
the vehicular route for the waste collection vehicle. Satellite data is used for the generation 
and updating of spatial database like road network, waste bin location, landfill site and waste 
collection vehicle garage. The whole work is divided into phases. 
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2.2.2 Waste storage 
 
There were three types of waste bins proposed according to their waste carrying capacity and 
they were allotted to different areas as per the quantity of waste generated in that area. A 
positive point about this pattern of bin allocation is that some extra capacity is being provided 
and the bin utilisation factor is assumed to be 50%. This is a good consideration for the 
increase in waste generation in future. 
The roads in the city have been classified into three categories as per their width i.e. major, 
minor and others. Waste bins are placed beside all the three types of roads and a collection 
pattern is decided.  
 

 2.2.3 Waste collection  
 
There are three types of waste bins proposed and three types of vehicles for collecting the 
waste from them. All the vehicles are having a mechanised system for waste collection. 
Though it is a costly affair for an initial investment but it reduces the pick-up time and would 
cover a larger area in comparatively less time in comparison with a manual waste collection 
vehicle. The waste collection vehicles are divided into three categories and it will collect 
waste from location of the waste bin placed in areas which occur on different road categories 
like A-type of vehicle will be collecting waste from the A-type of waste bins which are placed 
only on or in proximity of major roads. In the same way there is a categorisation of the B-type 
vehicle as a front loading mechanised which lifts B-type bins and can travel on both major 
and minor roads. The C-type vehicle is a small three tire auto- rickshaw and it collects waste 
from the C-type bins. It can be used on all road networks especially the congested areas where 
other vehicles cannot reach.  
 

2.2.4Waste collection methodology 
 
In the methodology one landfill and a garage is taken in consideration for the study purpose. 
Each vehicle is operated with two crew members who are totally responsible for the waste 
collection from the bins and bringing it to the disposal site. There is a general speed limit 
assumption for a type of a vehicle. A and B the type of waste collection vehicles start from the 
garage and starts collecting the waste bins from the respective locations of the bins and carry 
the filled bins to the dumping site, evacuate them and carrying them to their respective 
locations. This way they go on replacing the filled bins with empty bins and at the end of the 
day will go back to the garage. The schedule for the C-type bin is a bit different. It collects the 
waste from C-type bins and disposes the waste at the nearest A-type bin. It repeats this 
process with other bins and returns to the garage at the end of the day. 
 

2.2.5 Route Optimisation GIS model for transport of waste 
 
     Though there is a general speed limit assumption for a type of a vehicle, but there is an 
option for the input user defined speed limit for different types of vehicles in the GIS router 
model. There can be input options through link or arc impedances of the proposed GIS model 
for delays due to, road congestions, traffic jams, one-way and others (M. K. Ghosh, et. al., 
2005). As the A-type of vehicle uses only the major road network, the roads and the A-type of 
bins are selected from the map data. On the basis of the proximity of the bins the order for 
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collection of the bins is calculated. In this way the optimal path for the vehicle is generated, 
further edition can be done to the initial planning. This allows making the clusters of the bins 
which are in proximity. Each cluster is allocated to a vehicle for bin collection. The clusters 
are formed in such a way that the time of the total working hours is sufficient to cover the 
allotted cluster. The planning for the B-type of vehicles and bins is also done in the similar 
way. The clustering of 50 bins is formed as it is calculated that at the maximum, these number 
of bins can be conveniently cleared at a time. With the help of optimal path the total time 
required is calculated and displayed. The user can select any cluster he wishes to work with. 
Different options of optimum paths can be found and each vehicle is allotted the cluster of 
bins to collect waste. A final optimal path between the clusters is generated as soon as the 
choice of cluster is entered. In case of C-type of collection vehicles the routing is dependent 
on the A- type of vehicles as the waste collected by them is to be dumped in A-type of bins.   
So the collection timings of the A type bins are taken into consideration and according to its 
schedule the optimal path of C- type cluster is made. The total number of vehicles required to 
clear the C- type bins is calculated from the total working hours of the vehicle. Three GIS- 
route modules have been developed using Arc Marco Language for the route network 
analysis. 
 
 
 

   
 
Figure 2.1: Road network, ward/administrative boundaries and spatial distribution of waste 
bins of Asansol Municipal Corporation 
Source: (M. K. Ghosh, et. al., 2005). 
 

2.2.6 Results and conclusion 
 
     The results included the different routes for the three categories of waste collection 
vehicles. Details about the waste collection vehicles travel time, distance and number of bins 
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cleared in a day were given. The estimate of the waste management plan and operating cost of 
the Asansol municipal corporation was also calculated. These statistics were given to have the 
total budget idea of the proposed new waste management system. 
 
      A GIS based optimal routing model was used for the Asansol city waste management. 
Different parameters like, population density, waste generation capacity, road network, waste 
storage bins and waste collection vehicles were considered to develop the model. It was 
intended to plan cost efficient waste collection route for transportation of waste to the 
landfills. It can be a good decision support tool for waste transport, fuel consumption, work 
distribution amongst the vehicles for load balance and generation work schedules for both 
employees and vehicles.  
 

2.2.7 Critical views 
 
The area where GIS have been used very nicely in this system is, the coordination in the 
allocation of different collection vehicles, their constrain over the bin type and the type of 
road network it can use. 
There is a good detailing in the data of the Asansol city as there is the information about the 
area covered number of wards, number of houses and an average occupancy per house.  
This information and the total amount of waste generated from the whole city can give 
statistics on the ratio of waste generation per house or even per person. 
Waste bins were proposed according to the capacity and they were allotted to different areas 
as per the quantity of waste generated in that area. But only this would not solve the waste 
problem, segregation is also an important issue to be considered.  
It is good to have road width information as used in this paper. It makes it convenient while 
planning for different capacities of waste bins which require different types of vehicles for 
waste collection from the bins.   
There are often some areas which generate a large quantity of waste and require a bigger 
waste bin, but do not have a major road access for a collection vehicle which lifts a big sized 
bin. This can be considered a result of inadequate city planning concern. Any how some 
alternative has to be worked in this situation by either providing small side bins or by 
increasing the road width.     
The mechanised waste collection vehicle is a costly affair for an initial investment, but it 
reduces the pick-up time and would cover a larger area in comparatively less time as 
compared with a manual waste collection system. It has other positive aspects like it will 
reduce the labour involved in waste collection. There is a lot of waste spread in manual 
handling of waste which is reduced in the mechanised vehicle.   
In this waste collection system, the area remains without a waste bin till the collection vehicle 
carries the bin to dumping site to evacuate it and brings the empty bin to its location. If it is 
done in a shorter duration then it is considerable but if it gets delayed by any reason to bring 
back the empty bin then it would be inconvenient for the public. There should be a standby 
option, but it is again not easy to workout. 
The functionality of the C-type collection vehicle is a bit questionable as it is not in favour of 
avoiding the multiple handling of the waste. 
The results achieved in this analysis are in detail and it is quite helpful to compare it within 
the system or with some other analysis method and model used. One of the factors which 
makes this system questionable is that, all employees need to have good knowledge of 
operating the system in order to extract the necessary information about the route details. This 
is appreciable for a situation where the vehicle operator has to take a decision for selection of 

 23



Using GIS in Solid Waste Management Planning: A case study for Aurangabad, India.                     

a collection route, but he at the same time has to be expert enough to operate the system on 
his own or there has to be some one to find it for him. It is necessary to provide the basic 
training to the concern employees to get acquainted with the functioning of this system.     
 
 

2.3 Model 3 
  
Estimation and allocation of solid waste to bin through geographical information systems. 
     This as an overview and a discussion of the paper, “Estimation and allocation of solid 
waste to bin through geographical information systems,” presented  by, R. Vijay, A Gupta, A. 
S. Kalamdhad, S. Devotta, published ISWA, 2005. At the end of the discussion there are 
critical views on this paper work. 
 

2.3.1 Introduction 
 
     This paper presents a GIS based waste management facility provision. It includes the 
estimation of waste generation, location of waste bins, type, size and frequency of waste 
removal from the bins. All this is computed with the help of GIS using the information data 
from different sources. The waste generation data is calculated in this model on the basis of 
two factors, the local population density and income groups. These two factors were used in 
GIS with other data like road elevation survey data to generate the triangulated irregular 
network (TIN). This TIN was generated by the GIS, helped in properly allotting and 
allocating the waste bins throughout the study area. Different parameters were considered in 
the allocation like the distance between the bins and its proximity from the households. The 
slope of the road factor was also considered for the convenience of the handcart pullers. The 
national guidelines specified in “Manual on Municipal Solid Waste management”, CPHEEO 
2000 were followed. 
     A study area of 4 square km was considered. This study was carried to estimate the 
quantity of waste generated in the waste bins and the allocation of related services with the 
help of GIS. The data used for this analysis was collected from mainly two departments, the 
City Municipal Corporation (MC) and Public Works Department (PWD). The data collected 
from MC was the boundary area of solid waste collection, demographic data i.e. population 
density and income group distribution. The data collected from PWD was the data of the road 
network of the study area, information about the different road classes and the elevation 
survey data of the road network. The information about different types of waste bins available 
in the market and their waste carrying capacities was collected from the waste bin 
manufacturers.  
     There were some considerations made while working the design of the model. As the 
waste was of mixed category, there was no consideration of separate bins for organic and non 
organic waste. But it was specified that the separate waste collection can be considered in 
case of separate bins by modifying the algorithms with minor changes for separate waste 
fraction estimation.  
 

2.3.2 Methodology 
 
     The methodology was carried in two phases.  The first phase comprised of preparation of 
the GIS database from the available information from different sources. The second phase 
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comprised of computation of waste generation estimation and bin allocation. Both the phases 
are discussed bellow. 
 

 
Figure 2.2: Flow chart showing GIS analysis for solid waste estimation and allocation of 
waste bins. 
Source: (R. Vijay& et. al., 2005). 
 

2.3.3 First phase 
 
It consists of preparation of thematic maps which includes the digitisation of spatial data i.e. 
digitisation of the base map of the study area.  Representing the demographic data on the 
maps which included display of the polygon features having population density information in 
their attribute data. This is represented in person / sq. meter. Then the representation of 
different income groups on the map. This was done by drawing polygons representing the 
different income groups like, lower, medium and higher income groups (LIG, MIG, HIG) on 
the basis of the quantity of waste generated i.e. kg /capita/day by these groups. Then the 
preparation of the road network map was carried. This included all the roads and streets which 
were possibly used in the waste management services. The road level attribute was also added 
in the corners of the road links and this was as per the survey map of the study area.   
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2.3.4 Second phase  
 
In this phase the GIS based programs were used to compute the waste generation and 
allocation of waste bins. It was carried by overlaying different information layers like, waste 
bins, TIN of waste generation. Waste estimation and allocation, determination of type and 
size of bins was also carried.  
Preparation of suitable waste bins coverage locations. This coverage network of bins should 
follow the (CPHEEO 2000)  national guidelines according to which, a waste bin network 
should have a inter bin spacing of not more than 500 m and the maximum distance of a waste 
bin for household should not be more than 250 m. Creation of the triangulated irregular 
network for waste different calculations. The areas like water bodies, barren land and other 
non waste generating areas were removed from the areas under consideration. Then the 
superimposition of different data’s like population density, income group, road network and 
the location of bins on the network (TIN) was carried out to extract the estimation of solid 
waste generation in each network. Each TIN was allocated to a particular bin with a 
consideration of providing the shortest distance. There was a consideration of road network’s 
slope in a triangulated irregular network for providing the waste bin location. The slope and 
shortest distance criteria were considered for the handcarts which will be used to carry the 
waste from the waste bins. A record was prepared about the amount of waste generated in 
each bin with a description of waste carrying capacity of bin, type of bin and the waste lifting 
frequency. In the end consideration of  the suitability of the bins for land use and repeating the 
above procedures for relocating the bin if found unsuitable for any criteria. 
  

2.3.5 Results and discussion 
 

      
 
Figure 2.3: a) Location of waste bins based on command areas as illustrated in TIN creation. 
b) Triangulated irregular network illustrating the area distribution for waste allocation.  
Source: (R. Vijay& at el., 2005). 
 
 
The triangulated irregular network was presented to illustrate the allocation of bin for the 
solid waste generates in the network area shown in figure 3b. The waste bin allocation on the 
basis of the command area is illustrated on the map shown in figure 3a. The type of waste bin 
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its size, waste storing capacity, their waste clearance frequency and the transfer system was 
decided on the basis of waste generation and the location of the waste bins.  
                                                                                                                                                                               

2.3.6 Critical views 
 
The consideration of road network’s slope in a triangulated irregular network for providing 
the waste bin location for the use of handcarts to carry the waste from the bins is a very good 
factor of consideration. It denotes the detailed level of observation and consideration of the 
user convenience factor. This point of consideration is a best example of a counter balance of 
the limitations of an area to use vehicle due to insufficient road width or even limitations in 
resources resulting in use of cheap handcarts or tricycles. 
In this model there was no consideration of separate bins for organic and non organic waste.  
Today the segregation of waste is considered as an important issue and waste management 
without the consideration of recycling is contradicted. “The attitude of the formal waste 
management sector to informal recycling is often very negative, regarding it as backward, 
unhygienic and generally incompatible with a modern waste management system. On the 
other hand, one of the aims of modern waste management is to move ‘up the waste hierarchy,’ 
i.e. reduce the reliance on disposal and increase recycling: it would seem ironic to move 
forward by deliberately eliminating what can be a rather efficient, existing recycling system.” 
(D. C. Wilson, et. al., 2005). 
The representation of different income groups on the basis of quantity waste generation by 
them is possible if there is a proper demarcation of these income groups in separate areas. It is 
difficult to represent this information where there is a mixed population residing in an area.  
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Chapter 3 

 

Existing SWM situation in Aurangabad city 
 
 In this chapter we will discuss about the Aurangabad city waste management situation. 
Aurangabad is an average Indian city situated in Maharashtra state. It is located in south-
central India which can be seen in figure 3.1 (a). Aurangabad is located on 19˚ 53΄ 14˝ N and 
75˚ 20΄ 12˝ E. The position of the city in Maharashtra state is illustrated in figure 3.1 (b). 
According to 2001 census the population of the city is approximately one million with a 
mixed type of income group people. The city generates around 300 MT municipal solid 
wastes.  
 The study of the existing situation will make the picture clearer for the problem analysis and 
design considerations for future proposals. The planning which is to be carried out for the 
purpose of suggesting some revision to the system will be possible by analysing the present 
waste management situation in the case study area and evaluate the problems arise due to 
short comings of the waste management system. “Good municipal solid waste management 
practices requires collection of critical information which is not just for keeping the records 
up to date but used effectively for taking corrective measures as well as proper planning for 
the future.” (T. V. Ramachandra & V. K. Saira., 2003).  The information of the existing 
situation was available from different sources. The information gathered was, the Aurangabad 
municipal city maps, interview with the employee working with waste management, survey 
conducted through the questionnaire to the case study area residents, information published 
about the city waste generation and management in the NSWAI state report databank. All the 
information from different sources was used to prepare the database. Some facts about the 
situation were not used directly in the database but were used as the background information 
and were quite helpful for framing the guidelines for the work proposal. 
 

3.1 Municipal SWM working pattern 
 
This explanation is about the present situation working pattern and the work distribution 
amongst the different employees concerned with the solid waste management. The 
information about the working pattern is available from the interview with a municipal 
corporation employee. The municipal solid waste is managed by the Municipal Corporation 
Aurangabad. The system works in a team of ward officers. Every ward officer is given a 
group of employees and it is their responsibility to maintain the waste in the area allotted to 
them. The issues related to the health problems in context with waste management are looked 
upon by the medical officers. The ward officers are in contact with the medical officers and 
discuss the working strategies as per the situation arises. 
There are general guidelines for municipal waste management which are set by the 
government authorities. But also there are some modifications made as per the local 
requirements, resources and area restrictions. 
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Figure 3.1(a): India map                                         Figure 3.1(b): Maharashtra map showing Aurangabad location     
Source: (Maps of India). 
 
In a group of a ward officer there are 4 sanitary inspectors. Each sanitary inspector is assisted 
with a helper (jawan). The duty of the jawan is to be with the waste collection truck and guide 
the labours in waste collection. The whole crew is allotted with the waste collection vehicles 
like trucks, vans and hand carts. Each group works as a cell and holds the responsibility of an 
area allotted to them. Now it is on the ward officer to make the use of the crew and the 
amenities to maintain the waste in the allotted area. The number of employees and the 
vehicles are decided upon the area and the amount of waste generated. Often the discussions 
are taken on the basis of the situational demand. 
The waste collection vehicle starts at 5.30 am for its waste collection trip. The waste is 
collected manually by the labours. The helper are along with the waste collecting labours 
generally 2 to 3 in numbers and the necessary equipments like handcart, vessels, etc. They 
collect waste from and around the bin in the vessel and lift it manually and throw the garbage 
in the truck. The waste bins which are not accessible for the truck are lifted with small vans or 
auto rickshaw (a three tire vehicle). Some bins which don’t have access even with the small 
vehicles are evacuated using the handcarts. The waste is collected in the hand cart and 
brought to the truck which is waiting on the road and is transferred into the truck. It is the 
target to cover maximum number of bins from the allotted area. Those bins which are left 
without collection of waste are covered in the second trip or on the next day. As all categories 
of waste are put in same bin, the collection is also done without any segregation. There is only 
a one type of bin at all the locations. All sorts of waste is collected in the same vehicle and 
dumped in the trenching ground at ‘Naregaon’ situated 6 kilometres away from city limits. 
The team is allotted a particular area to manage waste with the required equipments and it 
starts working in that area and comes to know about the proper way to deal with waste after 
few numbers of experiences and trials.  Now that team becomes familiar with the area’s 
problems and requirements but there is no documentation of their working schedule or their 
experiences. If there is a new recruitment in the team or there is a change in the duty of any 
employee, then he gets acquainted with the areas and the working schedule through his 
colleagues who are aware of the area’s waste situation. This is a drawback that there is no 
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proper kind of documentation either in form of maps for spatial information or description of 
working of the waste management system. 
 

3.2 Waste management situation  

3.2.1 Waste bin description 
 
According to (NSWA  India., 2002)  the waste bins in Aurangabad city consist of RCC 
cylinders open from both ends. It is 0.9 meters in diameter and 1.2 meters in height. It is 
placed upright on the ground, footh path or roadside. Being open on both ends, there is neither 
a base nor a covering lid on top. It remains open all times in all seasons. According to the 
dimensions, the volume of the bin is approximately 0.75 cubic meters.  “According to the 
Indian guidelines (CPHEEO, 2000), the density of mixed waste is considered as 500 kg/m3 
which has been established from the results of several field studies in the urban cities of 
India.” (R. Vijay, at.el., 2005). From this consideration point of view if we calculate the 
capacity of the RCC cylinder waste bin, then it is around 375 kg.  
According to (NSWA  India., 2002) the total waste generated in the city is 300 MT per day 
and there are 1635 RCC bins in the city. If we calculate the average quantity of waste 
generated in a bin then it comes around 185 kg/ bin. And the waste carrying capacity of a 
RCC cylinder bin is 375kg. So the waste generated is half of the waste carrying capacity of 
the bin.  But as there is an uneven waste produced in the city, this can not be considered that a 
bin collects the waste to its capacity in two days. There might be some bins which get filled 
daily or even less time. 
 

3.2.2 Spread of waste around the bin 
 
There is no such trend amongst the citizens to throw the garbage in paper or a polythene bag 
so it is thrown directly into the bins. Usually people have a small waste bin in their houses 
which they bring to the waste bin and empty it in the municipal bins and take back their bins 
for waste storage at their places. It often happens that the waste instead of felling inside the 
bin fells partly outside the bin, thus making the area around the bin dirty. It makes the 
situation worse when the waste spreads around the bin. People find it inconvenient to get 
close to bin and to throw the garbage so they try to throw the garbage being away from the 
bin. In doing this the garbage spreads more waste thus increasing the waste spread around the 
bin. The other reason of spreading the waste around the bin is that the rag pickers often spread 
the waste in search of plastic, paper, metal or any other resalable scrap material. According to 
(P. Sarkar .,2003),  the rag pickers  make their lively hood by selling the recyclable waste 
collected from the municipal waste. Even the stray animals like cat, dog, goat, cow and others 
spread the waste in search of food and more over they are attracted due to the smell of the 
waste which contains vegetables and food waste.  
 

3.2.3 Situation in rainy season 
 
The situation becomes worse in the rainy season. As the waste bins are open from both top 
and bottom the waste is directly exposed to the rain. The water makes the waste wet and it 
even drains out of the bin from the bottom, thus polluting the streets.  The waste also remains 
damp once it becomes wet and creates foul smell. Dampness is a breeding ground for 
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mosquitoes, insects and flies. “Water is the most influential factor because mosquitoes breed 
in water. Congestion, increased constructional activities, poor drainage system (both natural 
and man made), disposal of sullage in open drains, open drains which are permanently 
blocked by garbage, polythene, etc.” (A. L. Singh & A. Rehman., 2002). According to (WHO, 
1988) in India, the Anopheles mosquitoes have developed into an urban species and is found 
in a much higher numbers in many cities than in the rural areas. Waste accumulation creates 
ideal breeding conditions for mosquitoes and other insects which can be a cause for any 
disease outbreak. 
 

3.2.4 Multiple handling of the waste 
 
According to the Govt. of India ministry of environment and forest, the municipal waste 
should be covered while transportation and should be avoided from multiple handling before 
the final disposal. The waste management situation is such that there is a considerable amount 
of multiple handling of the waste. The waste is collected from the municipal bins and 
transported in an open truck for disposal. Due to budget constrains the municipal corporation 
can not afford the equipments for mechanised waste collection and sophisticated vehicles for 
transportation. The chances of multiple handling increases where there is no segregation of 
waste at the collection point itself as the waste needs to be carried to some other place for the 
segregation purpose. In such case like in the present situation if the waste is to be segregated 
then it has to be collected and moved to some other segregation plant where the waste has to 
be evacuated from the vehicle and segregated. Mostly these kinds of segregation plants are 
located near to the dumping grounds. But in case of Aurangabad city there is no segregation 
of the waste. So whatever segregation carried is done by the rag pickers and that too from the 
municipal waste bins but this situation is also declare of multiple handling of waste. 
 

3.2.5 Manual handling of the waste 
 
The waste is collected from the municipal bins manually with the help of shovel, basket and 
handcart. These equipments are used by the workers to collect the waste from the municipal 
waste bins and transfer it into the vehicle by throwing the collected waste manually into the 
vehicle. Also the waste spread around the bins has to be collected manually. 
 

3.2.6 Open dumps 
 
There are several open dumps in the city. This is mainly due to selection of a waste dumping 
location by the public. This usually happens if there is inconvenience to some people due to 
long distance of the municipal bin location from their places due to which a group of people 
start dumping their waste at some place within a range of a convenient distance. So this 
becomes an open dump. The authorities place a bin when they come to know about any open 
dump but till then it remains an open dump. There is a need to find out the areas which do not 
have a waste bin within a convenient distance. It is also important to know as to what is a 
convenient distance for citizens from their places to the waste bin. This would be a guideline 
to decide the maximum distance that should be considered while planning for proposing new 
waste bins or relocating the existing bins.    
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3.2.7 Recyclable waste situation 
 
The recyclable waste situation is a bit tolerable as compared to the organic waste.  But as 
there is no segregation of the recyclable waste there is no idea about its quantity and 
generation details. There was some idea about the waste generation trends and the citizen’s 
attitude in dealing with the recyclable waste from the questionnaires answered by the citizens 
in the survey. The observations made from the questionnaire survey shows that there is a 
positive contribution of the recyclable waste buying businessmen. Every resalable waste 
which has even the smallest resale value in the marker is been bought by them. They collect 
most of the recyclable waste form the houses and sell it to the recycling industry.  It is a good 
contribution from private businessmen who help to reduce the workload by means of 
collecting the recyclable waste and earn a profit by selling it to the recycling industry.  
 

3.3 Problems due to mismanaged waste 
 
There are several problems which arise due to the present waste situation. The route causes of 
these problems can be analysed by studying the situation. The problems are discussed and 
used to form the frame of guidance for the proposed model. 
 There is only one type of bin in the city which is meant to collect all categories of waste. Due 
to this there is direct disposal of waste to the dumping grounds without segregation.   
The accumulation of waste around the bins is the basic problem faced wherever there is a 
uncovered bin and there is no proper base platform for bins. Also there is a lack of waste 
handling awareness amongst the citizens. Due to all these reasons there is an unpleasant 
situation around the bin. This accumulated and uncovered garbage becomes an invitation for 
several problems in the locality. Bad odour is created around the waste bins area which makes 
unpleasant environment. This also affects the economic factor, market value of the area 
decreases if there is a badly maintained waste area near by as it poses a bad aesthetics. 
The accumulated waste becomes a breeding ground for insects, flies, different bacteria, and 
micro-organisms this could create health problems. “The decaying matter provides suitable 
material for harmful insects (mosquitoes and flies) to thrive and rapidly causing diseases.” 
(M. K. Virk, et. al., 2004). Stray animals like cats, dogs, goats and cows come to the bins in 
search of food end up in spreading the garbage around the bins. “Unprotected waste is the 
carrier of many kinds of diseases like cholera, diarrhoea, dysentery and tetanus. The epidemic 
of plague in Surat in September 1997 was mainly due to the growth of rodents at waste 
disposal sites.” (M. K. Virk, et. al., 2004). Often it has been observed that the cows swallow 
polythene bags along with the vegetables, plant foliage and other food materials. This causes 
serious health problems to them. Hardev Singh, director of the Veterinary Department of 
Uttar Pradesh state says in an interview to the India Today magazine, “Cows consume 
garbage wrapped in polythene bags. This is how polythene is causing the death of thousands 
of cows every year.”  This is not only a health problem to animal but also to humans. “The 
Animal Husbandry Department of Uttar Pradesh has come up with an alarming discovery: 
Milk from cows which have polythene bags clogging their stomachs can cause diseases like 
tuberculosis and cancer.”(India Today). From these examples we can asses the seriousness of 
the problem and the urgent need to solve it. 
 The situation becomes worse in the rainy season. As the waste bins are open from both top 
and bottom the waste is directly exposed to the rain. The water makes the waste wet and it 
even drains out of the bin from the bottom, thus polluting the streets.  
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3.3.1 Threat to Environmentally sensitive areas 
 
There are water streams in the city which are considered in the environmentally sensitive 
category as they often get contaminated by the municipal waste. There are some waste bins 
places very close to the stream which pollute the water. The spread of waste around the bins 
formulate the situations of waste getting into the water stream. The close proximity of these 
bins to the stream is the main reason for the contamination. In rainy seasons the bins being 
open from both sides the waste is directly exposed to the rain. The water drains out of the bin 
from the bottom and flows into the streams and pollutes the water.  
 

3.3.2 Drawbacks in the existing waste management system 
 
 There are several systematic approaches in the system but there are some short comings 
which we will be discussed. “India has lagged behind in terms of adopting technologies for 
solid waste management. In particular, collection, treatment and disposal of waste require 
urgent consideration.”(Shaleen S & Suneel P., 2001). From the observations made in the 
existing system we will draw some conclusions which would help us to frame the guidelines 
for proposing the new model for waste management in Aurangabad city. 

• There is often an allocation of waste bin at a location when there is a public demand, 
this location selection from the public would be based on their convenience. But the 
place chosen may not be fulfilling some technical factors and planning aspects.  

• Multiple and manual handling of the waste. 
• No separate bins for recyclable waste. 
• Pollution of natural water streams due to waste bin proximity. 
• Very less data on records. 
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Chapter 4 
 

Data Collection 
 

4.1 Data collection methodology 
 
Data collection is an important work and it is the back bone of the project. Appropriate data is 
necessary for a proper analysis and this leads to derive accurate results.  The database of the 
case study area is prepared on the basis of the information collected from different sources. 
The information of different types and forms has to be transferred into the GIS database. 
In this thesis the information was collected from different sources and was integrated to form 
a database of the case study area. The information gathered was quite helpful in the 
preparation of data. There were also some inadequacies in the information which were not 
sufficient enough to form a complete data. There was also requirement of some information 
which was not available and this was a limitation in the data availability. Some information 
was not sufficient to produce a good data format which was a limitation in the data collection. 
The process adopted in information collection and later incorporating it into the database such 
that it can be useful for the intended analysis is discussed bellow. 
 

4.1.1 City and case study area maps 
 
Maps were collected from the Aurangabad Municipal Corporation, Aurangabad. The maps 
were available in the form of blue prints. Usually the corporation office has an original record 
copy from which the blue print copy was developed.  The Aurangabad city map was available 
on the scale of 1:32000 and had the information of city boundary, different areas, important 
landmarks, major roads, railway line and airport.   
The second map was a detailed map of case study area which was on a larger scale. It was of 
scale 1:2000 and covered an area of 2 sq. km. The detailed map had the information about the 
detailed road network, major buildings, religious buildings, cinema halls, market, landmarks 
and water stream. Both the maps marked with a grid and were scanned in A4 size images. 
Later these grid map images were imported in the Arc View 3.3 and joined together by 
mosaicing technique. Then the base map raster image of Aurangabad city was geo-referenced. 
The detailed map raster image of the case study area was then located on its position on the 
city map which can be seen in figure 4.1. Then the raster images were digitized to enter the 
spatial information in vector form. Different information was spatially located on the maps in 
point, line and polygon features. The case study area detailed raster map with vector data 
information in different features is seen in figure 4.2. 
     The information about the schools, hospitals, offices and marriage halls was collected by 
general survey and the information from the local source like the area residents.  
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Figure 4.1: Geo-referenced raster image of Aurangabad city with case study area image. 

4.1.2 Land use data 
 
The areas which are shown in the land use are the schools, hospitals and nursing homes, 
cinema halls, marriage halls and religious buildings. 
There was information of some of the land uses in the municipal map which is used as the 
base map. The land uses available on the map were the location of schools, cinema halls, 
vegetable market and major buildings. The other land uses which were required in the 
analysis and were not available in the map were collected from other sources. Those were the 
hospitals, nursing homes, clinics and office buildings. The maps being old, some latest land 
use information was also needed to be updated.  
There are two natural water streams passing through the case study area and those are 
demarcated in the municipal map. 
 

4.1.3 Waste bin location data 
 
This information was collected from the municipal office. The location of the waste bins was 
demarcated on the case study area map. These locations also include some open dumps which 
are presently in use for waste collection. But on a whole all were used for waste collection 
and are represented as existing bin location. The same information was used in the database.  
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Figure 4.2: Raster image map of case study area with feature vector data in different layers. 

4.1.4 Shop waste generation data 
 
It was a complex job to collect the information regarding the shops and the type of waste 
generated by them. A simplified technique was adopted so that the waste generation trend of 
the shops can be assessed. For getting the data about the location of shops in the case study 
area, a map of the study area was used to mark the location of the shops. The shops in a row 
or a group were represented by a single line. This line represents group/number of shops 
(irrespective of the exact number of shops) at this location. The location of the group of shop 
was sufficient to spatially refer its position on the map.  
The second information was, the type of waste generated in the shops. For this the waste was 
divided into three categories i.e. composite (organic), recyclable (inorganic) and mixed 
(containing both type of wastes). Now as per these three categories the shops in the case study 
area were to be assigned the appropriate category as per the type of waste it generates. The list 
of total number of shops in the area was divided into three categories. The line representing 
the group of shops was assigned with the category of waste according to its waste generation 
type. If all the shops in the group generate recyclable or a composite type of waste, then it was 
assigned the category ‘recyclable’ or ‘composite’ on a whole. If there are shops which 
generate both type of waste in the group of shops, then that group was assigned ‘mixed’ 
category of waste generating group. This information was sufficient to have a basic idea about 
the type of waste generated in shops.   
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The third is the attribute information which will form the attribute data giving the information 
about the spatial elements. For instance, for a group of shops in the map the attribute date of 
that group will posses the information about the category of waste generated in that group or 
any other land use. 
 

4.1.5 Limitations of the data  
 
The data information was collected from different sources and tried to incorporate in the GIS 
data base. There were some limitations in the data; it was related to both data type and data 
availability. All these limitations are discussed bellow; 
The maps available form the municipal corporation were old enough and does not have the 
information about the later date and changes.   
There can be more precession in the waste generation in the shops by having the exact 
information. But this requires a detailed survey conducted with exact number of shops and 
each shop represented by a point feature and attribute information about the category and 
quantity of waste generated in that shop. Well this detailed information would make the 
analysis in a much refined way and could achieve precession in the analysis. But the data 
which was available was for a group of shops so the quantity of waste generated by the shops 
can not be evaluated. But the type of waste generated by a group of shops can be used to 
determine the requirement of the waste bin type in that area where the group of shops is 
located.   
The land use data of the hospital, clinics and nursing homes is available in a point feature. The 
point feature only demonstrates the location by a point and does not give the exact area of the 
land use. It would have been more convenient to have the boundary and area of the hospitals 
to have a precise analysis for waste bin proximity.  
There can be an analysis of the quantity and the type of waste generated in an area on the 
basis of population density, land occupancy and type of settlement. This could help in 
analysing the waste generation situation in a precise manner. But as there is no availability of 
detailed information of the population distribution, the quantity of waste generation can not be 
related to the area density.  
 
 

4.2 Interview  
 
Interviewee: Mr. Asadullah Khan 

Designation: Sanitary Inspector in Aurangabad Municipal Corporation (AMC). 

Interviewer: Muqhtar Ahmed (Architect)  

Interview Date: 24th August 2005 

 

Q1. How is the working system of waste management in AMC? 

Answer. The Municipal solid waste is managed by the Municipal Corporation Aurangabad. 

The working system in practice is such that the whole city is been divided into several areas 

and for each area a team of members are appointed to maintain waste. 
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 A medical officer is been allotted an area with a team of members to work for that given area. 

The medical officer looks after the waste management system and the other health problems 

related to municipal and sanitary waste.  

There are four sanitary inspectors (SI) under a medical officer. Each SI is allotted an area for 

maintenance of the municipal waste. For this work the SI is accompanied with a team of 

employees, vehicles and equipments. Usually a team of SI consists of a helper (Jawaan), 

sweepers, labours and drivers. Depending on the size of area and the magnitude of waste 

generated in an area the number of employees and vehicles are allotted to a sanitary inspector. 

 Each team acts as an individual cell and holds a responsibility to maintain the waste in a 

particular area. This includes collection of garbage from waste bins, residences and waste 

collected from the sweeping of the area and dumping it into the trenching ground where the 

waste of the whole city is dumped. Now it is upon individual SI to make the optimum use of 

the crew and the facilities given to him to maintain waste in his allotted area.  

 

Q2. What are the methods for waste collection? 

Answer. Generally there are three methods which are in practice,  

a) Road sweeping is done daily  

b) Door to door garbage collection. 

c) Public dumping i.e. citizens throw waste in the bins on their own. 

 

Q3.How does the system deals with this waste collected from different sources? 

Answer. 

a) Road sweeping is done daily and collected waste is combusted or dumped into bins   

sweeping and combusting is done by municipal appointed employees. 

b) Door to door collected garbage is put into the nearest waste bin. Collection and putting 

the waste into bins is done by municipal appointed employees. 

c) Public dumping is done by the citizens themselves by throwing waste in the bins in 

their nearby proximity on their own. 

 

Q5.How is the waste carried to the bins from the different sources? 

Answer. The swept waste and the door to door collected waste are carried in hand carts to the 

waste bins. 

 

Q6. What types of vehicles are used in the whole system? 
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Answer. We use trucks, tempos, auto rickshaws (three wheeler carrier vehicle) and handcarts.  

 

Q7.How many numbers of vehicles are there in all in AMC waste management system? 

Answer. In all there are 80 vehicles which includes trucks, tempos and auto rickshaws.  

 

Q8. How much waste is collected per day? 

Answer. On an average 250 to 300 metric tons per day (i.e.250000 to 30000 Kg/day) 

 

Q9. Do you have any specific waste lifting pattern? 

Answer. No there is no specific pattern, but as we are acquainted with the areas allotted to us 

so we do it on the basis of our experiences and as per the situation arise. 

 

Q10. Which categories of waste do we have in the city? 

Answer. We have almost all types of waste like domestic, vegetable, food, paper, fabric, 

metal, rubber, plastic and yard waste.  

 

Q11. What is the waste disposal techniques used? 

Answer. At present the whole waste of the city is collected and dumped into the trenching 

ground at Naregaon.  

 

Q12. Could you tell us more about the trenching ground? 

Answer. The trenching ground is 42 acres in area.  It is in the outskirts of the Aurangabad 

city, but is in the close proximity of village Naregaon. But the residents of the village are now 

complaining about the inconvenience caused to them due to the accumulated waste at the 

trenching ground. 

 

Q13. What is the problem with the trenching ground and what is the reason for that? 

Answer. The areas in the proximity of trenching ground are getting contaminated. Air 

pollution is caused which results in bad odour. People complaint about health problems like 

malaria and fever there is a frequent illness amongst nearby residents. Also there has been 

increase in the rate of mosquitoes, flies and other insects. 

The reason behind the inconvenience is due to the improper maintenance of the dumping 

ground. Waste is not segregated and even there is no technical approach to it. Less care is 
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taken of the dumping ground; there is no proper boundary to it. It is open to surrounding 

which invites animals and birds.  

 

Q14. What is the reason behind this problem related to trenching ground and what is the 

reason for that? 

Answer. There is a lack of proper managed dumping ground. There should be a technically 

sound landfill. All the waste is simply dumped without segregation.  

 

Q15. Is there any other technique used for waste disposal? 

Answer. No, but previously a bio fertilizer plant was in practice which was used to 

decompose vegetable and biodegradable waste into manure. It was run by a private company 

in collaboration with the municipal corporation, but later it went into loss and was closed 

down. 

 

Q16. What was the working strategy of that plant? 

Answer. In that plant the degradable waste was decomposed along with nitrogen fixing agent 

in a pit of size 20 feet by 20 feet and 5 feet deep, when the waste decomposed it was 

processed into granules which were used as manure. 

 

Q17. How many vehicles you have been allotted? 

Ans. We have been allotted with one truck, one tempo, an auto rickshaw and few handcarts. 

 

Q18. How many employees are there in your team? 

Answer. We have 15 employees working in our team. 

 

Q19. Are the number of employees and vehicles sufficient to maintain waste in the areas 

allotted to you? 

Answer. For now it is sufficient but often need to make more than one trip. 

 

Q20. Is there any complaint registration system and of what type? 

Answer. We have a complaint register in the office to receive complains we note down the 

complaints made by the public. And try to attend the complaint on that day or on the next day. 
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4.3 Questionnaire and discussion  
 
    The questionnaire was answered by 20 citizens from the case study area. The results are 
calculated in percentage from the total number of person answered the questionnaire. In front 
of each answer option, the preference to that option by citizens is given in percentage. 
 
 
Questionnaire for citizens 
 
Q1. What kind of waste do you throw in the municipal waste? 

a) Vegetable waste (100%) 
b) Food waste (100%) 
c) News paper (100%) 
d) Plastic (10%) 
e) Swept garbage (100%) 
f) Yard/garden waste (100%) 
 

Q2. What kind of waste do you produce which you dump in municipal bins? 
a) Dry 
b) Wet 
c) Mixed (100%) 
 

Q3. How do you store/collect the waste at your place? 
a) In a polythene (10%) 
b) In a paper bag 
c) In your personal waste bin (90%) 
 

Q4. How do you throw the waste in the municipal bin? 
a) In a polythene (10%) 
b) In a paper bag 
c) News paper 
d) Directly empty the waste from your personal waste bin into municipal waste bin (90%) 
 

Q5.How long do you keep the Municipal waste at your house bin? 
a) 1-2 day (65%) 
b) 2-3 days (30%) 
c) 3-4 days (5%) 
d) A week 

 
Q6. Out of these, which items do you sell to the waste buyers? 

a) Glass 
b) Old books  
c) News paper 
d) Plastic bottles 
e) Polythene bags 
f) Metals 
g) Clothes 
h) Foot ware 
i) Others 
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j) All mentioned above (100%) 
 

Q7. Do you find it feasible to sort the resalable waste and keep it separately? 
a) Yes (100%) 
b) No 
 

Q8. What do you do to the recyclable waste you generate at your place? 
a) Dump in the municipal waste bin with municipal waste 
b) Sell it to the waste buyers (100%) 
c) Also try to use it some how (45%) 
 

Q 9.How does the waste buyers contribute to your personal waste management? 
a) Positively (100%) 
b) Negatively 
c) No contribution 

 
Q 10.How long do you keep/store the recyclable/resalable waste at your place? 

a) 1-2 days 
b) 2-3 days 
c) 3-4 days 
d) 1 week (45%) 
e) 2 weeks (15%) 
f) 3 weeks (15%) 
g) More (25%) 

 
Q11. What would be the convenient distance for you to the municipal waste bin from your 
place? 

a) Up to 50 meter (20%) 
b) Up to 100 meter (70%) 
c) Up to 150 meter (10%) 
d) Up to 200 meter 
e) Up to 250 meter 

 
 
 
This is the discussion of the statistics found from the questionnaires answered by the case 
study area residents. 
 

4.3.1 Type of wastes 
 
    We got an idea about the type of waste generated in houses. The content of waste thrown 
into the municipal waste bin is food waste, vegetable waste, yard waste. All these are of wet 
or semi wet type and the swept garbage comprises of soil, dirt and dust which is of dry type. 
There is sometimes usage of paper or cardboard in the household which also goes in the 
garbage. As it is used along with the food materials it gets dirty and semi wet in contact with 
food and vegetable waste. It is not practically possible to separate it from the food waste and 
usually it is less in quantity and can decompose with the other organic waste so it can be left 
as a part of organic waste which can decompose. As far as plastic and polythene items are 
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concerned, though they are also less in quantity but still it is advisable to separate it from the 
organic waste before the final dumping of the waste to the landfill. 
 

4.3.2 Storage of garbage   
 
     Regarding the waste storage, it is seen that 90%of residents use their personal house waste 
bins to collect and store the house waste and throw the waste into the municipal waste bin by 
directly emptying the garbage from their personal bins into the MWB. Whereas 10% use 
polythene bags to collect and store the waste and throw it along with the garbage. 
It is seen that 65% of residents keep the garbage for 1 or 2 days at their places and 30% keep 
for 2 to 3 days and only 5% keep it for 3 to 4 days. It is clear that mostly people do not prefer 
to keep the waste for long. A strong reason for this is that the domestic waste being damp in 
nature gets spoiled very fast thus starts producing foul-smelling and invites flies and insects.  
 

 

4.3.3 Recyclable waste 
   
     About the recycling waste,  usually the type of materials people sell to the waste buyers are 
glass, old books, news papers, plastic bottles, polythene bags, metals, clothes, footwear and 
other such kind of waste. There are different categories of recyclable waste buyers in the 
market as per different categories of recyclable waste materials. The most significant point 
about the reselling market it that almost every recyclable material which has even a least 
resale value is been utilised. This is a positive thing in the waste system that, some how the 
system is successfully promoting the waste recycling. Mostly the citizens are adjusted to the 
recycling pattern and find it feasible to separate the waste at their places itself.  
     There is one more general observation regarding the response of different income group 
people regarding the resalable waste. It is observed that there is a positive attitude towards 
selling the recyclable waste to the waste buyer’s .The lower and middle income group people 
prefer to sell waste, as they get returns out of it. In higher income group, citizens might not be 
much interested in the returns but they usually have servants for the household work who 
often take initiatives to selling the recyclable waste as it could make some additional income 
for them.  
     Regarding the storage of the recyclable waste, it is observed that, 45% of the people have 
been keeping the resalable waste for a week’s time, 15% have been keeping it for 2 weeks and 
next 15% have been keeping it for 3 weeks. The left 25% keep it for more than 3 weeks. This 
type of waste is absolutely dry and can be kept for long without getting spoiled provided that 
there is no storage inconvenience to the user at its place. Usually people store this kind of 
waste materials in their storage and give it to the waste buyers whenever they come to buy the 
waste. There is no other inconvenience in keeping it for long. 
 

4.3.4 Convenient distance   
 
      According to (CPHEEO 2000) the maximum distance between a household to a waste bin 
should be 250 meters. This limit is set to take care of the public convenience. So keeping this 
in mind the option in the questionnaire were given from a range of 50 meters and up to 250 
meters with a regular difference of 50 meters. These choices were given with the intention to 
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get the exact preferences of the citizens and it worked. The preference of majority of people 
was achieved. 
Almost 70% had given a preference to 100 meters as a convenient distance for them from 
their places to the municipal waste bins. Whereas 20% wants it to be within 50 meters and 
only 10% feel that it can be up to 150 meters. Majority of citizens prefer to be nearer so it is 
advisable to provide a bin within a reach of 100 meters for all the citizens. It might be less 
than this for many houses but it is more important that it should not be more than 100 meters 
for all the residents. Those who are having a bin more than 100 meters away should be 
considered for providing this facility within a convenient distance.  
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Chapter 5 
 

Frame of guidelines  
 
 It was very important to frame the guidelines before the design of the model to get a defined 
direction to the objectives. The study of the previous models was helpful to learn different 
methods used for the waste management in different situations. The availability of data is also 
an important factor to decide the working methodology. Availability of limited data or 
unavailability to some data is a restriction in the design. It becomes a constrain criteria which 
needs to be considered and design the model to achieve the objective with the limited data. 
Some alternative has to be worked to get to the required solution. The frame of guidelines was 
prepared on the basis of the extract from the example studies and the existing waste situation 
in the city. The guidelines are discussed under the respective headings and the reason behind 
the consideration of those points is also discussed. 
 

5.1 Economy criteria consideration 
 
Economy does play a major role in any assignment or a work proposal. The budget constrains 
have to be considered and in the present situation, the new proposals in the city SWM should 
be such that it does not contain heavy capital investments. Keeping the existing system in its 
maximum functionality and at the same time suggesting some new additional functions and 
corrections which overall intend to solves some major existing waste management problems. 
The new proposals should come across with some ways to generate revenue for the system 
without any compromise with environmental or health issue. This economic support would 
contribute in better maintenance of the system and further make ways of affordability to buy 
better technologies for the system.  So the design of this model is proposed by taken into 
consideration the present budget constrain factors.  

5.2 Flexibility in model 
 
Keeping in consideration the changing nature of the city dimension, land use and diverse 
public nature it is advisable to keep flexibility in the model design. There is sometimes 
change in the bin locations, nature of waste generation due to change in land use or 
establishment of different land use in an area, and these changes are a part of the system. A 
model having the margin of flexibility for consideration of these uncertain factors would be 
much suitable for a long term.  
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5.3 Identification of recyclable waste generating areas 
 
It is very important to extract the information from the existing situation about the type of 
waste generated in different areas. So the areas which indicate the generation of recyclable 
waste can be proposed with the separate bins. It is quite difficult to segregate the inorganic 
dry waste after it gets mixed with the wet organic waste comprising of domestic, food and 
other waste. According to statistics of the National Solid Waste Association of India, in the 
composition of MSW of Aurangabad city the major content of the waste is of moisture 
content (25%) and organic (35%) i.e. 60% of the total waste and the remaining is the other 
inert material (40%). From this 40% we are considering the availability of recyclable waste. It 
is always advisable to utilise the recyclable waste as it helps in saving both environment and 
economy. “The net saving in environmental releases and energy consumption released at the 
manufacturing facilities that use recycled material instead of virgin materials are also required 
to evaluate an SWM strategy that recovers recyclables.”(E. Solano & et. al., 2002). It is also 
important to see the environmental effects of the waste disposal like there has been a new 
thing come up regarding the yard waste disposal. According to studies by B. R. Lerner., 2002, 
in yard waste the grass clippings should not be thrown in the waste but left on the lawns as 
they decompose soon and act as manure for the lawn growth. “The clippings will return some 
nutrients back to the soil, reducing fertiliser requirements.”(B. R. Lerner., 2002). This waste is 
difficult to decompose with the waste. “Although this waste is biodegradable, landfills do not 
get the oxygen and water needed for breakdown.” (B. R. Lerner., 2002). All these findings 
direct us to utilise and bring recycling into practice as much as possible.  
 
As information about the type of waste generated in not spatially referenced, we have to 
extract this information with the help of the type of land use of the area and this can be done 
using geographical information systems. The extraction of this piece of information from the 
land use type would be one of the tasks to be achieved in the proposed model. Though it is not 
possible to achieve the precise information about the exact location of the waste type 
generated, but the amount of information which can be achieved could be helpful in proposing 
a revised waste management system.     
 
There is no need to remove the existing bin location, as it is the requirement of the city, which 
is why they are there. What is required is to provide some additional bins for the collection of 
recyclable waste. And to remove or relocate only those bin locations which are not suitable or 
are a threat to the public health and environment. The new model would help to decide the 
areas which are in need of a recyclable waste bins in addition to the existing regular (organic) 
waste collection bins.  
 

5.4 Why recyclable waste is sold by the residents 
 
The residential waste mainly comprises of vegetable, food, yard waste and other such organic 
waste. There is some recyclable waste, but it gets mixed with wet domestic waste hence 
difficult to segregate and also it is in a very small quantity. The recyclable waste like 
newspaper, cardboard, plastic metal, fabric, furniture and this kind of stuff is also generated in 
the household. But this kind of waste is not thrown into the waste bins and the reason for this 
is that there is a resalable value for this kind of waste. Recyclable waste market is quite 
profitable business in most of the Indian cities. Aurangabad is also following the same trend 
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as there are a lot of industries around the city. Due to this the businessmen who deal with the 
recyclable waste generate good profit from the recyclable waste. These businessmen buy the 
recyclable waste directly or indirectly by means of rag pickers and other scrape vendors who 
buy the recyclable waste by visiting door to door. It is like a regular door to door service 
which covers most of the city areas. So people themselves prefer to sell the recyclable waste 
to these vendors as it is a free home service and they get paid for their waste. It is quite 
difficult to break this trend and it has become people’s habit.  If some recyclable waste is 
dumped into the waste bins, then it is collected by the rag pickers from the waste bins in the 
city. There is a strong network the recyclable waste buyers and it is quite established enough 
to provide a regular service to the citizens and that is why it is getting good response from 
them as well. Plus the most important part of this parallel recyclable waste management 
system is that it is to some extent helping to manage the recyclable waste and reduces some 
workload of the municipality. 
 

5.5 Waste categorisation  
 
The waste can be divided into many waste categories but in the proposed model the waste 
management is considered in Indian context and conditions. It was found feasible to 
categorise it in two categories. The present situation in many cities is such that there is no 
segregation of waste at all. The situation of direct dumping of the waste without proper 
inspection and separation leaves a serious impact of environmental pollution causing growth 
in health related problems. The small contribution in waste segregation is done by the 
recycling industry and that too for the resalable waste. No doubt this is a very big contribution 
from the recycling industry which is reducing a lot of waste from going to the landfill and on 
the contrary providing a means of livelihood to many people by getting them involved in the 
waste recycling business. It was found suitable to divide the waste into only two categories 
for the municipal waste because it was satisfactory to handle the present situation to manage 
waste in a categorical form and reduce the waste from going to dumping yards. A big switch 
on to a new trend cannot be made at ones with too many implementations.   
 

5.6 Waste categorisation for shops 
 
There are many kinds of shops in the city and most of them generate some or the other kind of 
waste. It was a bit complicated to spatially represent the type of waste generated in every 
shop. So it was tried to categorise the shops according to the type of waste it generates. This 
was easy to collect the information in a categorised form. For this the methodology used was, 
a list was prepared of type of shops in the city and it was divided into three major categories 
according to the type of waste generated in them viz. composite waste, recyclable waste and 
mixed type of waste which contains both composite and recyclable waste. Given bellow is the 
categorised list of shops; 
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Organic (composite) waste 
generating shops 

Recyclable waste generating 
shops 

Mixed waste generating 
shops 

Green grocery Stationary Bakery 
Dairy  Hardware Restaurant 
Meat/beef  Garment Cigarette  
Fish/chicken  Electronics Grocery 
Lunch home Cutlery  
Tailoring  Photo studio  
 Medical  
 Cassette  

 
Table 5.1 Categorisation of shops according to their waste generation type 
 
  
It is seen that, every shop generates a particular type of waste and it is dependent on the 
materials in which the shop deals with. For example a stationary shop generates the waste 
which comes out of stationary goods like paper, plastic, and other packing material. All this 
can be categorised in a category of recyclable waste, nothing is composite or organic in this 
waste. In the similar way hardware, electronic or a garment shop also generates only 
inorganic waste which is absolutely recyclable. This categorisation was convenient to analyse 
the waste generation tendency in the shops of the case study area. 
 

5.7 Difference in waste in Indian city and advanced countries 
 
There are many guidelines create for waste management in the developed countries. Those are 
made according to the type of waste generated in those countries and the country standards 
and rules related to the waste handling. It is observed that there is a large difference in the 
lifestyle and living standards of different world countries which also makes a large difference 
in type of waste generation. Here are some reasons behind the difference in the waste type in 
an average Indian city from first world country waste.  

• Usually there is very less usage of packed food like tins. 
• The recycling awareness drive is promoting the reuse of the packing materials like 

tins, cans, bottles and polythene even in third world countries. 
• What so ever recyclable /resalable waste produced is mostly taken by the rag pickers 

and waste buyers so quite a less amount of such waste goes to the landfills.  
• Many rag pickers search for resalable waste at the landfill/dumping grounds, this again 

reduces some recyclable waste 
• Many businesses and small and big scale industries are catering recycling facilities 

which deal in day to day waste. 
 

5.8 Rag pickers 
 
Rag pickers are a part of the recyclable waste business industry. According to (P. Sarkar 
.,2003) rag pickers also known as scavengers are those who make the living by collecting and 
selling recyclable materials out of municipal solid waste. Generally these rag pickers search 
for waste which they can sell and for getting it they often search for it in the municipal waste. 
The municipal waste can be open dump or a waste bin. “In this process they make a 
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significant contribution to the environmental management in different metropolis’ over and 
above rendering a service to the local economy.” (P. Sarkar., 2003).But apart from these 
benefits there are certain short comings in this working situations which can be eliminated by 
a proper approach to this problem and a systematic alternative can be  worked out which 
could be beneficial for both society and the rag pickers. According (B. Suri., 1996) to the role 
of a common rag picker is appreciated who do a great favour by picking up all sorts of 
polythene from the refuse and sell them to the recycling units. 
 

5.8.1 How do rag pickers work? 
 
Rag pickers carry a sac on their back and collect whatever they can find that can be saleable. 
They mainly search for paper, cardboard, glass, metals, plastic and similar items. As there is 
no proper segregation of waste by waste generators, they have to search for it in the waste 
bins also. They even have to move to the dumping grounds in search of waste but as the 
dumping grounds are usually located far from the city limits, very few can manage to reach 
them. As these rag pickers belong to a very economically weak background, they can not 
afford even a bicycle. There are several health hazards which they face while in search of 
their livelihood. These rag pickers in hope of getting some resalable item rummage through 
decaying waste heaps including toxic medical waste. Most of them do this work with bare 
hands and feet and they are more prone to get infected due to direct contact. According to (P. 
Sarkar .,2003), in most of the cases the infections and infestations results due to direct contact 
with human and animal excreta, dead animals, infectious medical waste and other such toxic 
waste materials resulting in making them highly susceptible  to many health hazards. Apart 
from these health hazards the rag pickers often come across frequent injuries in the form of 
cuts and scars from glass, metals, broken bottles and other sharp materials. According to (P. 
Sarkar .,2003), 28% waste pickers have reported experiencing such injuries often while 61% 
have got injured once a while. Another type of injury is due to stray animals. Very often 
hungry animals like cats, dogs and pigs come to the dumping yards and waste bins in search 
of food. There are many incidents of rag pickers being bitten by such animals and even by 
snakes and rodents.  
 

5.8.2 Their contribution in waste management 
 
      Rag pickers are a good potential with a point of view of manpower for waste 
management. It is true that the rag pickers collect the waste of their interest from the mixed 
garbage and in doing so they mostly spend their time and energy in doing it. If this potential is 
properly channelise and used in a planned manner, then it would help to reduce some of the 
SWM workload. Also it would give the rag pickers a social status in the society because 
according to “In India, dealing with waste has been an occupational traditionally dedicated to 
outcast people.”(M. Colon & B. Fawcett., 2005) 
There can be employment given to the rag pickers to participate in waste management, the 
time and energy saved by their work contribution can fetch their wages to the system. There is 
a great amount of time and energy consumption in managing the collection and transportation 
of waste from generation points to the dumping grounds. If the quantity of waste is reduced 
by segregation of different categories of waste then this can save a lot of time and energy in 
collection and transportation of waste. Also reduce waste from getting to the dumping 
grounds. The proposal of recyclable waste bins in the city would reduce some waste from 
handling it with organic waste. This recyclable waste bins can be managed by the rag pickers 
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if they are employed for this work and the revenue generated from selling the recyclable 
waste can fetch wages to the new employed rag pickers. It is also observed that if the 
recyclable waste is directly sold to the recycling industry rather then selling it to local 
businessmen who also eventually sell to the industry, can produce more profits.  

 

5.9 Waste bin type 
 
 It is observed that many of the problems arise due to the open type of waste bins. In the 
existing system, from the total waste generated and the total number of waste bins we have 
analysed that, the average quantity of waste generated in a bin comes around 185 kg/ bin. And 
the waste carrying capacity of the bin is 375 kg. So in general it can be assumed that the waste 
generated in the city per day is half of the waste carrying capacity of the total number of bins. 
But as there is an uneven amount of waste produced in the city this can not be considered that 
a bin collects the waste to its full capacity in two days. There might be some bins which get 
filled daily or even take less time. If we consider the adequacy of the waste carrying capacity 
and the number of bins then it is quite perceptible that there is no shortage in the size and 
carrying capacity of the bins. It is recommended that waste bins of the same capacity will also 
be sufficient but it is quite necessary that the bins should be such that the waste is covered all 
the time and is not accessible to animals and rag pickers. As there is a proposal for new type 
of bins then it would be appreciated if the bins of greater capacity are used. Because in future 
it is quite expected that there will be an increase in the waste generation and it won’t be a wise 
suggestion to again change the bins due to inadequacy in its size. The other important factor is 
that, if the bin is of more waste storing capacity then the waste collection frequency can be 
reduced which will save expenses of frequent collection trips. It is often see that there is 
sometimes objection from the residents or proximity dwellers about inconvenience due to the 
waste bin. This problem can be dealed to some extent by providing a closed bin so there are 
minimum chances of stray animals, foul smell and bad aesthetical appearance around the bin. 
Another option which will be proposed in the model is the installation of new recyclable 
waste bins in some areas. For the allocation of the recyclable waste collection bins, the 
location is preferred to be close to the existing municipal waste bins. This would make it 
convenient for users to know about the placement of the recyclable waste bin and it is more 
practical to use. It is seen that at places where segregation bins are placed, people bring their 
waste to the bins and separate it at the waste bin before dumping it and it seems to be feasible 
also. So in the analysis whichever area demands the requirement of a recyclable waste bin 
should be provided with a recyclable waste bin next to the organic waste bin.  
 

5.10 Land uses for consideration 
 
Usually it is observed that, if a resident is facing some problem due to the waste bin 
proximity, then he makes complain to the concern authority and the location of the waste bin 
is removed from his proximity and changed to some place where it does not causes 
inconvenience to some other resident. In case there is again a complaint then the matter is 
again taken into consideration. This is a normal routine to find the appropriate location for a 
waste bin until a suitable place is found where it meets the terms of ‘NIABY’ criteria. Often 
suitable location is found by this trial option. But there are some land uses like schools, 
hospitals and religious buildings where it would not be advisable to make such trials by 
placing the bins in close proximity. There are certain reasons for which it is recommended to 
be sure enough that these land uses are considered in advance while locating the bins. These 
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land uses are related to sensitive issues like health and sentimental values of the citizens. So 
these land uses are considered for the inconvenience due to proximity of the waste bins and 
should be made free from the waste bin proximity. The situation being such that due to dense 
land use in the city, much distance can not be demanded for buffer for a land use to the waste 
bins.  A distance of 20 meters is suitable to maintain a distance from municipal waste bins and 
open dumps to these land uses. This distance can act as barrier in transfer of odour and flies 
form the garbage. 
 

5.11 Environmentally sensitive areas 
 
It is seen that water sources often get polluted due to waste dumps. “Dumps and landfills are a 
threat to water supplies when water percolates through waste, picking up a variety of 
substances such as metals, minerals, organic chemicals, bacteria, viruses, explosives, 
flammables, and other toxic materials.”(T. L. Pedersen., 1997). There are two water streams 
passing through the case study areas and it is seen that some waste bin are placed very closed 
to it. The streams get polluted due to waste bins. To avoid this situation the location of the 
closely placed bins should be changed and moved away from its proximity. A distance of 15 
meters is sufficient to keep the stream protected from reaching the waste from or around the 
bins into the stream. A distance of 10 to15 meters is sufficient to avoid the rolling or 
scattering of garbage from a bin into the water stream.  
 
 

5.12 Positive points of the proposed model 
 
As the model proposes the provision of separate bins for the recyclable waste generating 
areas, there would be a reduction of certain amount recyclable waste from going into the 
organic waste bins. This makes the waste free from the impurities which cause threat to the 
environment. 
Providing recyclable waste collection bins only for the required areas is a good idea to save 
the surplus expenses of providing bins to all areas irrespective of their waste production type. 
There is adaptability in the model for a correction. If some error is observed in the data or the 
methodology of data collection, it can be refined or fine tuned in the same model without any 
major changes in the model. This adaptability for corrections and refinements in data or the 
process makes it flexible for further making the model more refined as per the future 
requirements. 
Permissibility: The model can be used for different regions with some changes made to it 
according to the local area conditions and constrains. For example, a proximity buffer will be 
used in the same way as in the case study area, but changing the values of the ‘buffer 
distance’ as per the local guidelines. The functionality of the model will be the same in all 
cases. 
It can be used in for a broader as well as detail analysis as per the availability of the data. 
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Chapter 6 
 

GIS workflow model  
 
 This model is designed for proposing a system which could reconsider the existing bin 
locations in the city and providing some better alternatives in allocating and relocating the 
existing and the new proposed waste bins. The proposed amendments in the system through 
this model would reduce the waste management workload to some extent and solve some of 
the present situation problems. 
Figure 6.1 demonstrates the work flow pattern of the proposed GIS model. This model is 
divided into four key components which are primary data, analysis, functions and results. 
These key components explain the further detailing of the contents in them.  

6.1 Primary data 
 
The primary data comprised of different map layers of the case study area. The layers are   
boundary (base map), bin locations, land use, road network, environmentally sensitive areas 
and shops. The primary data has both spatial and attribute information. 

• The bin location includes the location of both existing bins and the open dumps. These 
are represented in point features. 

• The land use includes the locations of different buildings in different layers. They are 
schools, hospitals, religious buildings, theatres, marriage halls and offices. The land 
uses are represented in polygon and point features. 

• This layer shows the road network of the case study area which is represented in line 
feature.  

• The environmentally sensitive areas are two natural water streams which are 
represented by line feature. 

• The shops are represented by a polygon. Each polygon represents a group of shops and 
there is a classification of all the shops in three categories which is based on their 
category of waste generation.  

6.2 Analysis 
 
The model covers five analyses which are to be made on the available primary data. These 
analyses are proposed for suggesting some improvement in the existing waste management 
system.  The results of the analysis made on the available data will help as a decision support 
in planning the allocation of new recyclable waste bins and relocation of the existing bins 
whose presence at that location is causing inconvenience to the citizens and also risk to the 
environment. These analyses are discussed bellow under separate headings. 
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6.2.1 Inconvenience due to waste bin proximity 

 from the waste bins. In the case study area 
e bins are not located according to the consideration of sustaining a distance form these 

.2.2 Convenient distance to bins for all users 

ring the convenient distance for a user to the 
aste bin. The statistics obtained from the questionnaires to the case study area residents, it is 

.2.3 Proximity from environmentally sensitive areas 

sing through the case study area. A 
w waste bins are in a close proximity of the water streams due to which the natural water 

.2.4 Recyclable bins for buildings 

e areas where there is a requirement of the recyclable 
aste bin. The areas which come under the land uses like cinema theatres, offices, marriage 

 
There are certain areas which need to be kept away
th
areas. So this factor will be analysed for existing bins and it would be also a guideline for 
proposing new waste bin in future. This analysis will cover the factor of inconvenience to a 
particular category of land use due to the proximity of municipal waste bin. The land use like 
schools, hospitals and religious buildings are preferred to have a considerable distance from 
the waste bins. For this, a buffer analysis of 20 meters will be carried around the three land 
uses i.e. schools, hospitals and religious buildings. In case of hospital buildings the data 
available was only the point theme representing the locations of hospitals and clinics where as 
in other land use we had a polygon feature to represent the whole building area. So for this 
analysis, the buffer will be created in three layers of 10 meters each which will make a total 
buffer of 30 meters. This would provide a margin of considering the first band of 10 meters 
buffer as the hospital building area and left two bands of 20 meters can be used for analysing 
the proximity.  
 

6
 
This analysis will consider the function of monito
w
seen that the preference of majority of people for a maximum convenient distance for a waste 
bin from their places is 100 meters. For this analysis a buffer will be created around all the 
waste bins of the study area. The areas which come in the buffer zone will are within the 
convenient distance to use the bin, so these areas need not have to be considered for any 
changes in the bin location or allocation of new bins. The areas which are not in the buffer 
zone have to be considered to be having an inconvenience in using the waste bins due to long 
distance from their places. So these areas need to be considered for providing with new waste 
bins which will be at a convenient distance to those areas.   
 

6
 
In this category there are two natural water streams pas
fe
gets polluted. To avoid this situation the waste bins which lie in the close proximity of the 
stream should be detected. For this a buffer analysis will be carried around the water stream. 
A buffer of 15 meters will be applied on both the sides of the stream. This analysis will 
highlight the bins which are in proximity of 15 meters. These bins need to be relocated from 
their locations and it should be considered that no waste bin or open dump is placed in the 
water stream’s buffer range in future. 
 

6
 
 This analysis will help to find out th
w
halls and educational institutions generate recyclable waste. So there should be a recyclable 
waste collecting bin for these land uses. In this analysis a buffer will be created around these 
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buildings. For selecting the nearest located waste bin to a building from the selected bins, the 
buffer can be applied in bands of different distances. This will make it convenient to make a 
comparison between more than one bin in a close proximity of a building. The closest placed 
municipal bins to those buildings can be suitable for providing new bins along with the 
existing municipal waste bins.  
 

6.2.5 Recyclable bins for shops 
 

ade it convenient to analyse the type of waste generated in a 
roup of shops. This was an attempt to categorise the groups of shops according to the type of 

clusions and future recommendations. 

The categorisation of shops has m
g
waste it generates. This was intended to achieve two aims; to have an idea about the 
requirement of recyclable waste bins in the areas and to minimise the amount of waste going 
to the dumping ground. From the groups of shops those groups have to be identified which 
generate recyclable and mixed type of waste. So these can be identified by placing a query to 
select ‘Recyclable’ and ‘Mixed’ type of waste generating shops from the shops category. This 
will highlight the required groups of shops. These shops require recyclable waste bins to 
dump their recyclable waste. For locating recyclable waste bins for these shops the nearest 
municipal bins to every group of shops should be selected. This can be obtained by applying a 
buffer around the shops which are selected from the query results of recyclable waste 
generating group of shops. Similar to the recyclable waste for buildings, for selecting the 
nearest located waste bin to a group of shops, amongst the selected bins, the buffer can be 
applied in bands of different distances. This will make it convenient to make a comparison 
between more than one bin selected in a close proximity of shops. The closest placed 
municipal bins to shops can be suitable for providing new bins along with the existing 
municipal waste bins.  
The application of this model on the case study area data will be discussed in the next chapter 
followed by results, con
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Chapter 7 
 

Model implementation on study area data and results 
 

7.1 Model implementation on case study data and results 
 
This chapter is a discussion of the implementation of GIS workflow model on the case study 
area data and the results of the analysis. This model is implemented on the data using GIS 
software Arc View 3.3 and Arc Map. We have data of Aurangabad city and we will be 
implementing the proposed model on the case study area of 2 sq. km.   
 
The first analysis is for studying the inconvenience to schools, hospitals and religious 
buildings due to close proximity of the waste bins. For this, a buffer analysis of 20 meters is 
carried around these three land use buildings. Separate buffers are applied on each of the land 
uses i.e. schools, hospitals and religious buildings.  
The buffer of 30 meters around the hospital buildings point features is created in three bands 
of 10 meter each.  
After application of the buffer the following results were obtained which can be seen in figure 
7.1; 

• There is only one municipal waste bins in a proximity of 20 meters of a school 
buildings.  

• There are two municipal waste bins in proximity of 20 meters of hospital buildings.  
• There are three municipal waste bins in proximity of 20 meters of religious buildings. 
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Figure 7.1: Waste bins within close proximity of sensitive buildings. 
 
In all there are six waste bins in the case study area which are in close proximity of schools, 
hospitals and religious buildings. These are required to be moved out of the buffer range of 
the respective buildings. 
 
 
 
 
The second analysis is to check the waste bins proximity from the users to provide the bins at 
a convenient distance from all the users. For this a buffer of 100 meters is created around all 
the waste bins.  
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Figure 7.2: Areas which do not have waste bin within a distance of 100 meters. 
 
In the result of the analysis in figure 7.2 it is seen that most of the case study area is covered 
under the buffer except some areas. So the areas which do not come in the buffer range 
indicate that these areas do not have waste bins within a distance of 100 meters. So these 
areas require new waste bins within a distance of 100 meters. The allocation of bin can be 
done by finding a suitable location in the areas which needs waste bins. This will provide bins 
within a convenient distance range to all the residents. The proximity range can be again 
checked by applying buffer on the new bin locations. 
 
Third analysis is for checking the proximity of waste bins from environmentally sensitive 
areas. For this a buffer of 15 meters is created on both sides of the two water streams. This 
will identify the bins which come in proximity of 15 meters of the streams. 
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Figure 7.3: Waste bins within close proximity of environmentally sensitive areas. 
 
In the results of this analysis in figure 7.3 there are 6 waste bins which come in the proximity 
of water stream. So these bins are required to be moved out of the water stream proximity. 
The allocation of bin can be done by finding a suitable location where they do not come in the 
water stream proximity. This buffer can be used as a guide line while allocating bins near the 
water stream in the future.  
 
Fourth analysis is for selecting the location for recyclable waste collection bins for recyclable 
waste generating land uses. It is a required to make analysis for the availability of a proximity 
organic waste bin to provide recyclable waste bins along with them for buildings which 
generate the recyclable waste. A buffer of 75 meters is applied around the school buildings, 
cinema theatres and marriage halls. The buffer is applied in three bands of 25 meters each. 
This would help to select the nearest located municipal waste bin for placing the new 
recyclable waste bin. 
In the results in figure 7.4 there are in all 17 waste bins selected for providing the recyclable 
waste bins. It is seen that the school buildings, cinema theatres, marriage halls and the offices 
have municipal bins in the buffer range. The closely placed waste bins are selected for the 
location of recyclable waste collection bin. The recyclable waste bins will be provided along 
with the existing municipal waste bins. Out of 10 school buildings, 2 do not have a waste bin 
within 75 meters distance.  The 2 school buildings without waste bin in their buffer range 
should be provided with recyclable waste bins and the new location is required to be found 
within the buffer range around the building.  
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Figure 7.4: Allocation of waste bins for recyclable waste generating land uses. 
 
In cinema halls, marriage halls and office buildings all have waste bins in a range of 75 
meters so recyclable waste collection bins can be placed with the nearest bin. The results 
displays the nearest located waste bins which are selected for placing the recyclable waste 
collection bins.  
There was one waste bin which was ideal location for placing a recyclable waste bin for 
school as it was in its close proximity, but the same bin was also selected in the first analysis 
in the category of bins which were required to be moved away as they were too close to the 
school buildings. So that bin was ignored and the next nearest bin which do not come in the 
close proximity criteria constrain and also fulfil the buffer condition was considered suitable 
for allocating the recyclable waste collection bin for the school building.   
 
The fifth analysis is to select locations for recyclable waste generating shops. First the 
information about the recyclable waste generation group of shops needs to be identified from 
the total groups of shops available in the data. For this a query is applied to select the 
‘recyclable’ and ‘mixed’ waste generating group of shops as seen in figure 7.5. The query 
applied was,  
SELECT From shop_cluster WHERE;  
“WASTE_CAT” = ‘R’ OR “WASTE_CAT” = ‘M’ 
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Figure 7.5:  Query application for selection of recyclable waste generating group of shops.  
 
In the query results the group of shops generating recyclable and mixed type of waste are 
selected. Now to find suitable location for placing the waste bins is carried by applying buffer 
on the shop clusters. Buffers are applied in three bands of 35 meters each. The bands will help 
to select the nearest located waste bin and also to select a bin which would be nearer for 
maximum possible group of shops. The results of this analysis can be seen in figure 7.6. 

 61



Using GIS in Solid Waste Management Planning: A case study for Aurangabad, India.                     

 
 

Figure 7.6: Allocation of waste bins for recyclable waste generating shops. 
 
 
There are total 28 waste bins selected for placing the recyclable waste bins. Out of those 28 
bins 8 bins are those which have been already selected for providing recyclable bins for the 
other land use buildings. So as they have been already selected, they can be ignored in any 
one category. Now in all we have to provide 20 recyclable waste bins for shops.  
 In the final results for allocation of recyclable waste collection bins there are 37 bins to be 
provided beside the municipal waste bins for collection of recyclable waste. 
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Figure 7.7: Total recyclable waste collecting bins for the case study area. 
 
There are in al 113 municipal waste bins in the city out of which 37 needs to be provided with 
recyclable waste collection bins along with them. These bins would collect recyclable waste 
from schools, office buildings, cinema theatres, marriage halls and recyclable waste 
generating shops. All the bins are provided at nearest locations but even the furthest one is 
within a distance of 100 meters from the waste generating area.  
 

7.2 Discussion 
 
The model proposed in this paper was designed for planning the allocation of waste bins in 
the case study area. There were several aspects taken into consideration in planning the waste 
management by evaluating the bin allocation. First was to analyse the location of the existing 
waste bins in the area. The planning concern was to verify the convenience and inconvenience 
of the users from the existing bin location. This was done by checking the location of bins for 
a convenient proximity distance for all the users and also for the inconvenience to the users 
due to close proximity of the bins to sensitive land uses. The planning of waste bin allocation 
also included the segregation of waste in two categories and for this, the provision of 
recyclable bins was proposed. The proposal was intended to provide the recyclable waste 
collection bins to those areas which generate recyclable waste. The identification of those 
land uses was carried which generate recyclable waste and then find the suitable location for 
placing those bins so it would be convenient of the users. The analysis sowed the required 
results which are useful for relocating the existing bins and for locating the new ones for a 
refined waste management system. The proposal is cost effective with the consideration of the 
budget constrains of the system while planning the waste management proposals. That is why 
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an emphasis is given on revenue generation from both the categories of wastes. Situation 
based planning is carried to make the consideration of the existing situation and guidelines 
based on the consideration of the data availability and situational constrains. Managing the 
study with the available set of information and also not ignoring the important aspect of 
public participation by means of analysing the public behaviour in waste dealing. It is a 
generalised proposal with a margin of flexibility for changes and up gradation as per the 
situational changes or preferences. 
 

7.3 Recommendations and future studies 
 
There are several issues that can be considered for future studies. The important issue it to 
first take those ones which can be practically possible to implement in the area with the 
consideration of the system constrains. Here are some future study suggestions which can be 
adopted as a next step to the proposed model for the study area. 

• Study the statistics of quantity of waste generation in different areas for planning 
waste management in a more precise manner. 

• Use of satellite data imagery instead of old manually developed maps which may 
contain errors. 

• Analysis of further requirement of recyclable waste bins for any specific land use or 
any area. 

• Study of improvement in the system due to proposed waste segregation and analysis to 
see if there is any requirement of segregation of waste into further more categories and 
how adoptable can it be. 

• The study of revenue generation by the composting the organic waste and selling the 
recyclable waste would give the statistics about the economic response of the proposal 
of segregation of municipal waste. Further improvements can be suggested in the 
planning policies. 

• Utilising the manpower of rag pickers by providing them with work responsibilities in 
the waste management system and giving a secured livelihood and a social status in 
the society. 

• Route planning for waste collection vehicles can be done and implementations of 
vehicular tracking systems like GPS on the vehicles to calculate waste collection 
timings. 

The main aim is to provide good SWM facilities to the citizens which could maintain a 
healthy and clean environment in a economic way. There can be lot of advancements in the 
system but it have to be carried in stages according to the availability of resources. 
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