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Abstract: The ever-growing global population, combined with the industrial revolution and in-

creased consumerism, has led to an exponential surge in waste generation. The implementation of 

integrated solid waste management (ISWM) is crucial for addressing the challenges posed by in-

creasing waste generation and limited landfill space. Remote sensing (RS) and Geographic Infor-

mation Systems (GIS) have emerged as powerful tools to support ISWM strategies through their 

diverse applications. This short review explores the novel applications of RS and GIS in ISWM and 

highlights their potential for enhancing waste management practices. RS techniques, such as satel-

lite imagery and aerial photography, enable the accurate mapping and monitoring of waste gener-

ation, disposal sites, and recycling facilities. GIS facilitates spatial analysis and decision-making, 

allowing for optimized waste collection routes, landfill site selection, and the identification of suit-

able locations for waste-to-energy projects. Furthermore, RS and GIS provide valuable insights into 

waste composition analysis, landfill stability assessment, and environmental impact evaluation. 

This review underscores the importance of leveraging RS and GIS technologies to improve waste 

management practices and offers valuable recommendations for future research in this field. 
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1. Introduction 

Due to the ever-growing population, rising urbanization, industrialization, and 

changing lifestyles, there is now more waste being produced than ever before [1]. Accord-

ing to recent data, there were 2.24 billion tons of solid waste produced in 2020, and by 

2050, that number is expected to rise to 3.88 billion tons [2]. Solid waste is a useless solid 

material that is produced by human activity in household, industrial, or commercial set-

tings. It is produced either as a byproduct of manufacturing processes or as a result of 

objects or materials being thrown away after use in the home or commercial sectors [3]. 

An essential part of urban services is waste management, which covers everything from 

waste collection at homes, streets, and markets to disposal at landfills [4]. The general goal 

of an ISWM system is to achieve environmental benefit, economic optimization, and social 

acceptability. In this method, waste streams, collection methods, treatment methods, and 

disposal methods are combined. ISWM is a sustainable alternative to SWM in that it fo-

cuses on resource usage efficiency by integrating the creation, segregation, transfer, sort-

ing, treatment, recovery, and disposal of waste [1]. The planning of waste collection (seg-

regated waste), reuse and recycling, storage, and transfer, transportation (primary/sec-

ondary), processing, and disposal all depend on the use of RS, GIS, and GPS [1]. The 
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geospatial technologies used for route optimization, the best route, choosing a dumping 

site, and gathering trash generation data are GIS, GPS, and RS. GIS is used to identify 

sites, optimize routes, choose bin locations, and estimate garbage generation. The activi-

ties that are available with GPS include vehicle tracking, route planning, driver tracking, 

and collection monitoring. RS is used to aid in environmental assessment and environ-

mental feature monitoring. This study examines the innovative uses of RS and GIS in 

ISWM and illustrates how they have the potential to transform waste disposal procedures 

everywhere. Using GIS and RS technology in solid waste management procedures offers 

a promising route to efficiency and sustainability. In addition, helpful suggestions for 

more study in this area will be provided, promoting ongoing waste innovation and devel-

opment of RS and GIS technologies in the waste management industry [3]. 

2. A Comprehensive Framework for ISWM 

To effectively manage trash and protect both human and environmental health, a 

waste management framework known as ISWM combines waste prevention, recycling, 

recovery, and controlled and monitored disposal [5]. Sustainability in all of its dimen-

sions, including environmental, social, and economic, is ISWM’s primary objective. By 

promoting reuse and recycling of waste materials, environmental preservation, pollution 

reduction, and waste generation reduction are all accomplished [6]. It is also important to 

set targets for waste collection and adopt appropriate approaches when designing new 

waste management facilities in order to build a sustainable future that balances the needs 

of the present and safeguards resources for future generations [7]. 

 

Figure 1. Flowchart Framework for ISWM. 

3. Application of RS and GIS in ISWM 

RS and GIS play diverse roles in implementing ISWM. RS techniques, like satellite 

imagery and aerial photography, enable accurate waste generation mapping, monitoring 

disposal sites, and recycling facilities [8]. GIS aids in optimizing waste collection routes, 

selecting landfill sites, and identifying locations for waste-to-energy projects. RS and GIS 

also provide valuable insights into waste composition analysis, landfill stability assess-

ment, and environmental impact evaluation, enhancing overall waste management effi-

ciency and sustainability [9]. The Tables 1 and 2 below highlights the applications of RS 

and GIS in ISWM. 
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Table 1. Applications of RS in ISWM [8,10,11]. 

RS Application Uses Data Sources 
Technological  

Advancements 

Cost-Benefit 

Analysis 
Advantages Challenges 

Environmental  

Impact 
Future Potential 

Waste Generation 

Mapping 

Municipal waste 

planning, Resource 

allocation for recy-

cling programs 

Satellite imagery, 

aerial photog-

raphy 

Enhanced spatial 

resolution, Real-

time data acquisi-

tion 

Improved waste 

management 

costs 

-Enhanced re-

source allocation—

Improved hotspot 

identification 

- Data interpreta-

tion complexi-

ties—Seasonal 

variations in 

waste generation 

Reduction in waste 

hotspots 

Integration with 

Internet of Things 

(IoT) for real-time 

monitoring 

Waste Disposal Site 

Monitoring 

Landfill stability 

assessment, Detec-

tion of illegal 

dumping activities 

Satellite imagery, 

aerial photog-

raphy 

Advanced spectral 

bands, Improved 

image classification 

algorithms 

Enhanced cost-

efficiency in 

landfill manage-

ment 

- Early risk detec-

tion—Environmen-

tal impact assess-

ment 

- Frequent data 

acquisition re-

quired—Weather-

dependent obser-

vations 

Reduced environ-

mental risks 

Enhanced integra-

tion with un-

manned aerial ve-

hicles (UAVs) 

Recycling Facility 

Monitoring 

Recycling facility 

performance as-

sessment, Resource 

allocation for recy-

cling 

Satellite imagery, 

aerial photog-

raphy 

Hyper-spectral sen-

sors, Enhanced ob-

ject recognition 

techniques 

Optimized re-

source allocation 

for recycling 

- Enhanced recy-

cling efficiency—

Resource utiliza-

tion assessment 

- Facility accessi-

bility chal-

lenges—Data ac-

curacy and time-

liness 

Increased recycling 

rates 

Real-time monitor-

ing through ad-

vanced sensor net-

works 

Waste Composition 

Analysis 

Resource recovery 

program optimiza-

tion, Reduction of 

waste sent to land-

fills 

Hyperspectral im-

agery, multispec-

tral data 

AI-based spectral 

analysis, Enhanced 

data fusion tech-

niques 

Reduced waste 

in landfills 

- Informed re-

source recovery 

strategies—Reduc-

tion of landfill 

waste 

- Spectral data 

processing com-

plexity—Limited 

spectral resolu-

tion 

Enhanced recycling 

rates 

Automated robotic 

sorting systems 

for recycling 

Environmental Im-

pact Evaluation 

Environmental im-

pact assessments, 

Policy develop-

ment for sustaina-

ble waste manage-

ment 

Remote sensing 

data, environmen-

tal models 

Enhanced machine 

learning algorithms, 

Integration with en-

vironmental sensors 

Informed invest-

ment decisions 

for sustainable 

waste manage-

ment 

- Environmental 

policy support—

Data-driven deci-

sion-making 

- Data interpreta-

tion subjectiv-

ity—Temporal 

data limitations 

Enhanced environ-

mental sustainabil-

ity 

Real-time environ-

mental impact 

monitoring for 

rapid response 
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Table 2. Applications of GIS in ISWM [1,8,12,13]. 

GIS Application Examples of Use Data Sources 
Technological Ad-

vancements 

Cost-Benefit 

Analysis 
Advantages Challenges 

Environmental Im-

pact 
Future Potential 

Waste Collection 

Route Optimiza-

tion 

Optimal waste 

collection route 

planning, Fleet 

management 

Geographic data, 

traffic data 

Real-time traffic 

data integration, In-

tegration with mo-

bile apps for route 

optimization 

Lower opera-

tional costs 

- Reduced opera-

tional costs—Im-

proved route plan-

ning 

- Data accuracy 

dependencies—In-

itial setup costs 

Reduced vehicle 

emissions 

Autonomous 

waste collection 

vehicles with AI-

driven routing 

Landfill Site Selec-

tion 

Sustainable land-

fill site selection, 

Land use plan-

ning 

Environmental 

data, socioeconomic 

data 

Advanced environ-

mental modelling, 

Stakeholder engage-

ment platforms 

Optimized land 

use and site se-

lection 

- Minimized envi-

ronmental impact—

Comprehensive site 

assessment 

- Regulatory com-

pliance chal-

lenges—Stake-

holder engage-

ment complexities 

Reduced environ-

mental footprint 

AI-driven predic-

tive modelling 

for site selection 

Waste-to-Energy 

Project Identifica-

tion 

Site selection for 

waste-to-energy 

facilities, Energy 

resource optimi-

zation 

Geographic data, 

energy infrastruc-

ture data 

Integration with en-

ergy grid data, En-

hanced energy gen-

eration modelling 

Enhanced en-

ergy production 

and revenue 

- Energy generation 

optimization—

Landfill waste re-

duction 

- Land use con-

flicts—Technologi-

cal integration 

complexities 

Reduced waste sent 

to landfills 

Advanced waste-

to-energy tech-

nologies for effi-

cient resource re-

covery 
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3.1. RS Applications in ISWM 

The use of RS techniques, such as satellite imagery and aerial photography, allows 

the accurate mapping and monitoring of waste generation and disposal sites, as well as 

the recycling of wastes. A number of critical aspects of ISWM are assisted by these tech-

nologies: 

• Waste Generation Mapping: Maps based on satellite imagery and aerial photography 

enable planning and resource allocation by identifying hotspots and trends in waste 

generation. 

• Waste Disposal Site Monitoring: Monitoring waste disposal sites using RS techniques 

permits detection of changes, assessment of potential environmental impacts, and 

assessment of landfill stability. 

• Recycling Facility Monitoring: Recycling facilities are monitored and assessed with 

RS, allowing waste diversion efforts to be optimized. 

• Waste Composition Analysis: Solid waste composition can be analyzed using RS data 

to guide resource recovery initiatives. 

• Environmental Impact Evaluation: The RS performs environmental assessments of 

waste management practices in support of sustainable policy development and deci-

sion-making. 

3.2. GIS Applications in ISWM 

GIS complements RS by facilitating spatial analysis and decision-making in ISWM: 

• Waste Collection Route Optimization: GIS-based spatial analysis can help improve 

waste management efficiency and reduce fuel consumption through the design of 

optimal waste collection routes. 

• Landfill Site Selection: The use of GIS leads to the identification of appropriate land-

fill sites based on factors such as environmental, social, and economic factors. 

• Waste-to-Energy Project Identification: In addition to maximizing energy recovery, 

GIS tools identify potential waste-to-energy sites and reduce landfill burden. 

4. Overall Contribution of RS and GIS in ISWM 

A wide range of aspects of ISWM can be enhanced with RS and GIS. Tables 1 and 2 

show the substantial contributions that RS and GIS make to the ISWM framework when 

combined. The use of satellite imagery and aerial photography are two RS technologies 

that contribute significantly to waste management (Table 1). The data can be used for the 

purpose of mapping waste generation, detecting environmental risks early at disposal 

sites, optimizing recycling facility operations, and advising on resource recovery strate-

gies. In addition, RS fosters data-driven decision-making for sustainable waste manage-

ment practices through environmental impact assessments. RS is enhanced by GIS appli-

cations (Table 2), which provide spatial analysis capabilities that are critical to ISWM. GIS 

facilitates waste collection route optimization, leading to reduced operational costs and 

lower emissions. The selection of a sustainable landfill site optimizes land use and mini-

mizes environmental impacts. Furthermore, GIS is vital for identifying suitable waste-to-

energy sites, which can reduce landfill waste and increase energy generation. It is not only 

possible to optimize operations but also to benefit the environment through the integra-

tion of RS and GIS technologies. In addition to contributing to reduced environmental 

risks, improved recycling rates, and a reduction in waste sent to landfills, these technolo-

gies also improve the level of environmental sustainability. A low operating cost and in-

formed investment decisions enable them to facilitate cost-effective waste management. 

In conclusion, the RS and GIS technologies, as shown in Tables 1 and 2, provide a compre-

hensive solution to the complex challenges posed by the growing number of waste gener-

ators and the limited amount of landfill space in the world. ISWM practices are signifi-

cantly enhanced by their combined contributions in terms of efficiency, sustainability, and 
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environmental impact. ISWM will be shaped more environmentally friendly and cost-ef-

fectively in the future as these technologies continue to evolve and integrate. 

5. Conclusions 

GIS and RS have proven invaluable in advancing ISWM strategies. By using these 

technologies in a variety of ways, we have been able to overcome the challenges posed by 

growing waste production and limited landfill space. The use of RS techniques, such as 

satellite imagery and aerial photography, has enabled accurate mapping of waste genera-

tion and disposal sites, while GIS has enabled spatial analysis for waste collection route 

optimization, landfill site selection, and waste-to-energy projects. Additionally, RS and 

GIS have contributed to waste composition analysis, landfill stability assessment, and en-

vironmental impact evaluation. Waste management practices have been significantly en-

hanced through the combination of RS and GIS technologies. Due to the exponential 

growth of the world’s population, these technologies offer valuable insights and recom-

mendations for future waste management research, which makes them imperative to 

shaping the future of this field. 
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