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Abstract 

Geographical information systems, or GIS, have been widely advocated for use in the management of solid waste 

(SWM) in several major cities throughout the globe. Making decisions in an environmentally friendly waste 

operation method is difficult, time-consuming, and complicated since competing interests are always in play. GIS 

plays a crucial role in streamlining and making sustainable SWM easier to implement. It's a crucial instrument that, 

by providing greater information, can assist in minimizing value conflicts between preference and interest parties. 

The basic concepts relating to how GIS is used in SWM management are covered in this chapter. The first several 

sections discuss sustainability SWM planning, its difficulties, and issues with the ineffectiveness of its planning. 

The concepts of GIS, its development in SWM, were examined, as well as how it's connected with multi- criteria 

evaluation. The GIS's role in waste collection optimization and trash disposal planning are covered in the last 

sections. Therefore, the main goal of this part is to support decision-makers in the domain so they may use it to 

address the ongoing issues of SWM. 

 

1. Introduction to GIS 

GIS is a technological system used to collect, store, verify, integrate, manipulate, analyse, and display data pertaining 

to places on the surface of the Earth. In general, processing charts of any kind involves using a Geographical 

Information System. These could be represented as several levels, where each subcaste contains information about 

a specific kind of point. Each point on a chart is connected to a specific location on the graphical representation. as 

well as a trait table entry. Using graphs, globes, reports, and maps, GIS enables us to see, comprehend, query, 

analyse, and fantasise data in a variety of ways that reveal relationships, patterns, and trends. A GIS aids in 

problem-solving and question- answering by analysing your data in a form that is easily understood and fluidly 

engaged. Any framework for an enterprise information system can incorporate GIS technology. 

 

1.1 The Fundamentals Of GIS 

A geographic information system, or GIS, is a computer-based tool that assists in handling of data about certain 

geographic areas. It has a wide range of applications. According to Rolf and Deby (43), GIS is a computer-based 

tool for georeferenced entry of data, analysis, and donation. The first stage of GIS processing is called data 

medication and entry, and it comprises gathering, preparing, and enter the data needed for information products into 

the GIS database management system. Data analysis is the alternative stage, which involves reviewing and 

analysing the data that has been obtained and published into the geographic information system (GIS). Logical 

conclusions eventually emerged during the information donation phase. are properly displayed and/or preserved. 

Depending on how the below-mentioned stages are initially conceptualised, input of data, data functioning, 

evaluation, and ultimate affair are typically common processes across all GIS design development for vivid 

purposes and activities. 
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Stages Description Principles/basics Examples 

 

 

Input 

Identify and collect data 

related to SWM. Collect, 

reformat, georeferenced, 

compile and document this 

data. 

 

 

Digitization, remote sensing, 

GPS, Internet 

Daily waste generation 

rate, waste collection 

route, landfill location, 

waste type, land use 

map, area elevation. 

 

 

Data storage 

and 

management 

Includes the functions 

required to store and retrieve 

database data and can be 

considered a representation 

or model of 

real geographic systems. 

Geographic entities (cities, road 

networks, and city boundaries 

represented by a point, a line, and 

a polygon). 

Objects (spatial and non-spatial 

data) 

 

Model current landfill 

location data (spatial) 

and landfilled waste 

types with landfill rates 

(non-spatial data). 

  Fundamental analysis  

 

Data 

manipulation 

and storage 

To obtain useful information 

for optimizing waste 

collection or planning waste 

treatment. 

(Measurement, classification, 

overlay operations and 

proximity and connection 

operations) and advanced 

analytics (statistical modeling 

and mathematical modeling) 

Optimize vehicle routes, 

analyse

 landfill suitability, 

optimize trash bin’s 

location 

 

 

Data output 

 

How to view analyzed data or 

information related to SWM 

in the form of maps, tables, 

diagrams. 

 

Display screen, pen plotter, 

electrostatic plotter, laser printer, 

line printer and dot matrix 

printer and plotter 

Optimal waste 

collection route (map), 

waste collection schedule 

(table), thematic map of 

appropriate landfill. 

Table 1. These stages, together with their core ideas and examples, are summarised and presented in  table. 

 

1.2 GIS Applications to Solid Waste Management 

From the time that waste is formed until it reaches its final location or the point where it no longer poses a 

problem for the environment, there are various stages to solid waste management. It has been noted that the 

management of solid waste can be divided into essentially two phases. "The creation of Geographic Information 

System (GIS) and its implementation across the world has contributed greatly to the improvement of waste 

management systems. One is the management of garbage in the area where it is generated, and the second is the 

management of garbage at jilting sites. GIS makes it easier to alter data in a computer system to act as though you had 

complete control and to form the best judgements. Operations in waste management can benefit from GIS. through 

the provision of labour for support of decisions and analysis in a variety of systems, such as route planning for the 

collection of waste, point selection tasks for transfer stations, recommendations, or waste collecting points. GIS 

offers a flexible framework for integrating and analysing graphs and databases for waste management. 

 

 
Fig. 1 Criteria for solid waste management. 

 

Solid waste creation in India has significantly increased over time, rising from 100 grammes per capita per each day 

in small cities to 500 grammes per capita per day in big cities. In India, most of the municipal solid garbage is now 

disposed of in an improper manner. Ordinarily, municipal solid trash is collected and dumped in a sanitary landfill; 

nevertheless, such haphazard disposal attracts pests like rats, birds, and fleas, leading to unsanitary conditions 

(Suchitra, et al.). As the solid waste degrades, carbon dioxide (CO2), methane (CH4), and other trace gases are 

released. One of the most important issues that city planners across the globe must deal with is the management of 

municipal solid garbage. Since poor planning, rising urbanisation, and a lack of sufficient resources all contribute 

to the poor status of the management of municipal solid waste, the issue is particularly acute in the majority of 
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developing country towns. 

Due to the disposal of garbage in an unsustainable manner, the ecosystem is moving towards a possible risk. It is a 

delicate subject that raises important environmental issues in the modern world. Management of municipal solid 

waste, or MSW, operations are mostly provided by local authorities (LAs) around the world, directly or indirectly by 

subcontracting some or all these services. The primary point of contact between the waste generator and the local 

municipality is often provided via waste collection and transport (WC&T). the system for managing garbage. A 

wide range of geographic, economic, organisational, and technological selection criteria influence the 

complicated, poly- parametric task of evaluating the many costs associated with solid waste management [6]. The 

whole cost of waste management does, however, include WC&T expenditures, which can reach 100% in situations 

when garbage is simply discarded. Because advanced treatment and secure disposal account for a substantial portion 

of the total expenses in current waste management systems, WC&T prices often range from 50 to 75 percent of the 

total, which is significantly higher overall. 

 

2. Literature Review 

GIS gives us the flexibility to create and store as many distinct types of data or visualisations as we like and offers 

creative ways to combine massive amounts of information and chart overlay into a single event to support decision-

making. With a case investigation on disposal point selection, Sarptas et al. investigated the application of GIS as a 

tool for decision-making in the management of solid waste in coastal areas. According to the study's findings, SWM is 

becoming an essential tool in GIS. However, there are still several drawbacks and limitations to using the system 

widely. Routing models heavily rely on spatial data; therefore, GIS can efficiently operate, display, and manipulate 

relevant geographical and spatial data. To give one example, Ghose et al. (2006) developed a model for the Municipal 

Solid Waste 

(MSW) collection system that includes planning for collection locker distribution, vehicle cargo balancing, and 

creation of optimal routing based on GIS. Reddy et al. claim that stationary and conventional techniques are no 

longer appropriate for evaluating network overflows and carrying out lowest cost routing. By using GIS, Reddy et al. 

attempted to create a system for decision-making that would generate the best route for disposing of solid garbage 

in the city of Hyderabad City and so shorten the distance travelled by the pickup vehicle. With its database 

management abilities, interactive user interfaces, and cartographic visualisation, the GIS tool offers efficient 

decision assistance. The Network Critic module, a path- chancing programme used to represent the flow of data 

between two points or farther, was utilised in the system created by Reddy et al. 

The main purpose of superimposing several themed maps is to determine the best location based on the 

characteristics of the various spatial units that are derived. The selection of a landfill is often a challenging 

undertaking because it involves the synthesis of numerous socioeconomic and environmental data and the 

development of challenging technical and regulatory standards. Making an environmentally friendly as well as 

economically viable choice during this process is difficult. GIS and multicriteria assessment [7], GIS together with 

the analytical hierarchy process [8] - AHP [3], GIS as well as fuzzy systems [3], GIS along with factor spatial 

assessment [9], in addition to GIS-based integrated techniques [10] have all been used for this purpose in numerous 

studies over the past few decades. 

 

3.1 Modelling for Landfill Design Based on GIS 

Most recent applications try to evaluate a "suitability index" as a tool for evaluating the most appropriate locations 

[11], although a significant portion of these applications generate binary outputs. The following are the basic steps 

of a typical GIS-based landfill allocation model (Fig.1). 

 

 
Fig. 2 Selection of a landfill site. 
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a. The conceptualization of the hierarchy and evaluation standards for the landfill allocation problems. The 

determination of the criteria pertinent to the issue under study is the focus of this step. 

b. Establishing a spatial database. Here, the creation of GIS layers of modelling is put into practice. The primary 

variables are represented by these layers. Within the GIS environment, the criterion - layers are built. The major 

or secondary variable is a criteria map. 

c. Setting up the criterion - layers in the GIS setting. The major or secondary variable is a criteria map. 

d. Layers associated with the criteria's standardisation. This phase involves reclassifying the layers to fit a standard 

measurement scale. The ordinal system is frequently employed. 

e. Calculating the relative weights assigned to the criteria. Weighting, such as with the Analytic Hierarchical 

Process (AHP) and pair-wise comparisons between variables, is used to perform this estimation. 

f. The appropriateness index calculation. The weighted overlay based on the defined criteria/layers being 

frequently used for this stage of the process. 

g. The following stage of the modelling is the classification of that region in investigation. According to the 

suitability index, this categorization process identifies the regions that are most suitable for the application. 

h. Sensitivity analysis and validation of the model. 

i. Final selection – land evaluation. 

Fig. 3 GIS based landfill selection model. 

 

It should be noted that most functions require the geographic context of the area that is being studied (in digital form). 

The data flow for the proposed process is shown in Figure 1. A key benefit of a GIS- based modelling method is 

the incorporation of multiple spatial analysis techniques, including geo- statistics, the analytical classification 

process, fuzzy logic modelling, and many more. Finally, combining the information of experts with the opinions of 

stakeholders and citizens is a very helpful alternative for a GIS-based decision-making model [7]. 

 

3.2 GIS Modelling to Improve Waste Collection and Transportation 

An essential component of a system for handling solid waste that is both economical and ecologically sustainable is 

the optimisation of a route system used for the collection and transportation of municipal solid trash. The creation 

of optimal routing alternatives is a very difficult undertaking that relies on many different selection criteria, the 

majority of which have a geographical component. Vehicle routing has become a common issue that requires each 

vehicle to go around the research area and stop at each garbage container while minimising the total travel cost, 

which is often determined by distance or time but can also include fuel usage, CO2 emissions, etc. This and the 
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well-known Travelling Salesman Problems (TSP) are extremely similar [12]. Due to limitations in the road network, 

the challenge in optimising routing of the collection of solid waste network is an asymmetrical TSP (ATSP), 

necessitating modifications to the traditional TSP method.   The application of GIS modelling as a means of support 

has increased recently due to both technological maturation and an increase in the number and complexity in 

spatial information handled, as the effectiveness of the process of decision-making is dependent mostly on the 

quality and quantity of information which is made readily accessible to the decision makers (Santos et al., 2008). 

Several writers have investigated route optimisation in this context regarding garbage collection in both rural and 

urban environments as well as transport minimization through better positioning of transfer stations and landfills. 

[14] and treatment facilities for regional waste management integration [13] Through the reduction of trip time, 

distance, fuel consumption, and pollutant emissions, WC&T optimisation using the cutting-edge tools provided by 

geographic modelling techniques and GIS may result in major economic and environmental savings [15]. These 

methods are especially uncommon in Greek municipal governments, where WC&T is frequently organised 

empirically and, occasionally, irrationally, because of pressure from the people. In five commercial areas in the 

towns of Leganés (Community within Madrid, Spain), Alvarez et al. in 2008 provided a method for the creation of 

routes for the "bin to bin" collection of cardboard and paper waste. Their suggested solution utilized GIS technology 

to optimize urban routes in accordance with various constraints. They concluded that the proposed "bin to bin" 

system increased the level of quality between the paper as well as cardboard inside the containers, avoided 

overflow, and decreased the proportion of discarded material [18] from their comparison of their approach with the 

prior scenario. In 2008, Karadimas and Loumos published a method for calculating the ideal number of trash cans 

and their distribution, as well as for estimating the creation of municipal solid waste. This technique was tested in a 

region of the Greek municipality of Athens and makes use of a geographic Geodatabase integrated into a GIS 

environment. After the trash cans were redistributed, their overall number decreased by over 30%. The collecting time 

and distance were directly improved by this reduction [21]. 

 

3.3 Transportation of Garbage and Routing 

Planning and defining routes for vehicles to use throughout the collection process is known as routing in the solid 

waste collection process. Routing is important when it relates to SWM optimization. The effectiveness of the 

transport in the SWM segment typically determines the volume of solid waste collection. Transfer of waste 

materials to its final dumping site or treatment station is a significant issue in many cities due to their complex 

structures. As a result, optimizing garbage collection routes needs to get greater attention because doing otherwise 

would result in astronomical expenditures. By establishing the routes, garbage collection expenses are decreased 

while the neighborhood receives the finest service. Routing is simply the process of deciding on a route for traffic 

to take both within and across networks. The following five fundamental steps of route design are carried out in 

GIS by applying the principles: The best route is one that is the shortest distance, has the least amount of  traffic, 

and is the least expensive. This is done by (a) determining the possible the spot, (b) determining the amount of storage 

and the volume to be generated, (c) categorizing the possible locations for one vehicle to covers, (d) designing the 

shortest path between different groups, and (e) Choose the optimal route that has shorter distances, less traffic and is 

cheaper. 

 

4. Conclusion 

GIS technology supports the optimization of municipal solid waste management because it provides an effective 

context for data collection, analysis, and presentation. GIS is used to select waste landfills and, to a lesser extent, 

other waste treatment facilities. Most of these applications benefit from GIS map overlay functions and spatial 

distribution modeling methods. GIS-enabled waste management applications are related to waste collection. There 

are several applications for optimizing routes, reallocating bins, and completely redesigning collection areas. The 

main goal of these applications is to reduce the collection distance and/or collection time of the collection vehicle 

fleet. Deploying GIS- based modeling to optimize waste collection in a variety of countries with different 

socioeconomic conditions and technological landscapes shows that significant savings can be achieved in most 

Configurations. Route optimization has a direct positive impact on cost savings (reduced fuel consumption and 

maintenance costs) as well as a significant environmental impact due to reduced noise pollution levels in the 

environment urban areas and reduce greenhouse gas emissions. 
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