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ABSTRACT: 

 

The aim of this research is to develop a multiparametric downscaling analysis for the detection of abandoned waste in the environment. 

This methodology, using a multi-technological approach, involves the adoption VHR satellite images, Unmanned Aircraft System 

(UAS) and Unmanned Ground Vehicles (UGV). The identified Warning Areas (WA) will be investigated through an in-situ analysis 

with air quality measurement devices based on advanced sensors mounted on drones. The creation of a Cadastre Accumulation of 

Abandoned Materials (CAMA) and the related APP will allow the administrations to monitor the phenomenon. Finally, the waste 

product analysis, retrieved by means of UAS dataset computation, allows to retrieve some interesting prospects regarding Waste to 

Energy framework. Here, preliminary results obtained by the on-going INTESA Project are presented. 

 

 

1. INTRODUCTION 

1.1 Framework overview 

The illegal dumping of waste, still taking place in many areas, 

requires the application of a multi-disciplinary system for the 

environmental characterization and the recognition of polluted 

sites (Muraoka et al. 2012; Kaza et al. 2018). The innovative 

objective of this research is to develop a semi-automatic 

downscaling system capable of identifying sites which are 

potentially contaminated by abandoned and buried waste. This 

will be achieved by a multi-parametric approach that considers 

remote sensing imagery and air pollution characterization. 

Satellite, Unmanned Aircraft Systems (UAS) and Unmanned 

Ground Vehicle (UGV) are combined to attain such purpose. 

Traditionally, polluted sites can be detected by the chemical 

description of soil or by evaluation of microelements, regarding 

soil nutrients availability (Lu et al. 2012, Qaswar et al. 2020). An 

alternative detection method relies on the assessment of 

vegetation stress condition (Sellers, 1985) or even the 

measurement of temperature differences on the ground (Baiocchi 

et al. 2018). The critical issue in pollution studies, for both 

inorganic and organic substances, is to define their natural 

background level. Finally, the analysis of gases mixing is a 

crucial task to evaluate and to characterize the emission fluxes in 

the potentially contaminated sites (Cusworth et al. 2020). 

As compared to remote sensing techniques, the complete 

characterisation of the contamination by laboratory chemical 

analyses is less sustainable in terms of costs and time. Nowadays, 

remote sensing studies are considered as alternative tools, even if 

currently they are mostly limited to qualitative assessments of the 

site contamination without a multidisciplinary approach 

(Glanville and Chang, 2015, Torres and Fraternali, 2023). 

In the framework of abandoned waste detection, remote sensing 

techniques provide a site-specific analysis without in-situ 

sampling and analytical analysis, connected with parameters that 

are useful for environmental quality assessment. In this research, 

a downscaling approach has been established to determine sites’ 

spatial features variability by integration of classified remote 

sensing images and GIS data. According to this, the application 

of the proposed downscaling approach is based on the use of 

evaluation / validation training sets, which are useful for the 

environmental quality management at the local, regional, and 

even global scales. 

Concerning waste detection by remote sensing data, the 

Unmanned Aircraft Systems (UAS) is used to acquire and 

manage very high-resolution RGB imagery and to distinguish 

spectral features (multispectral and/or thermal) from the surface.  

The new Very High Resolution (VHR) satellite constellation and 

the development of robust algorithms for data processing, can 

lead scientific research to interesting new results. Indeed, 

decision support processing systems are designed to detect and 

characterize contaminated sites by integrating different data 

(Youme et al. 2021). Thus, the satellite and UAS sensors can 

improve the quality of environmental analysis at the regional and 

local scales. 

Furthermore, the UAS platform is widely used in many research 

fields, focusing on environment analysis at the local scale and 

becoming pioneers in abandoned waste detection contexts 

(Torres and Fraternali, 2023). The UAS becomes a final step of 

a downscaling system, reducing costs and time-consuming 

activities for the analysis of this kind of study areas. The 

collection of these measurements occurs through the use of 

thermal cameras and a multispectral device that can register, at 

very high spatial resolution, emitted and reflected energy from 

the surface (Baiocchi et al. 2018, Cusworth et al. 2020, Torres 

and Fraternali, 2023). 
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Once critical areas are detected by means of superficial 

anomalies from remote imagery, an on-site confirmation of 

warning areas will be obtained by a UGV. The UGV will 

recognize the presence of potential contamination sources by 

using an integrated measurement system, equipped specifically 

with different devices such as electrochemical, optical and 

photoionization sensors (Zampetti et al. 2020). The navigation 

system, which is waypoints based, and the semi-automatic 

navigation will allow access to every area at different times, 

granting acquisitions of a large amount of information on a wider 

area. At the same time, several sensors applied on UGV will 

analyse the atmospheric concentrations of PMx, CO, CO2, H2S 

and NH3.  

Usually, different kinds of materials (such as paper, plastics and 

the organic fraction) are not re-usable or recyclable when they 

are indiscriminately dumped or abandoned. As a second-best 

option, Waste-to-Energy (WtE) can play a key role in 

transforming non-recyclable wasted materials into resources. In 

fact, modern technologies, such as anaerobic digestion, pyrolysis, 

and gasification, ensure high-efficiency energy conversion. WtE 

can be a keystone for three different policies: waste management, 

energy and environmental (climate change) policy, also enabling 

the Member States to meet their targets of the EU policy 

(European Commission communication, 2011).  

In 2021, the Italian operating incinerator plants were 37 and they 

have processed 6.066.180 t of total waste (89% of Municipal 

Solid Waste - MSW). In that year, the total energy recovered by 

WtE plants was 4,53 million MWh of electrical energy and 2,34 

million MWh of thermal energy. Moreover, at the end of the pro-

cess, the metals recovered from the bottom ashes, were directed 

to authorized plants for recovery and recycling (ISPRA report, 

2022). 

As seen, environmental protection agencies and institutions 

could benefit from this semi-automatic downscaling system, to 

identify and recognize polluted sites (buried an unburied) and to 

produce remediation priority maps and policies. In this short-

paper, preliminary results are presented which are related to the 

model conceptualization for the detection and analysis of 

abandoned wastes by means of VHR satellite data UGV and UAS 

platforms. In addition, the potential opportunities to reintroduce 

these abandoned materials in a WtE framework is evaluated. 

 

1.2 Papers related to the topic. 

The main useful topic able to determine the characteristics of 

uncontrolled landfills or illegal waste areas is the acquisition of 

information by UAS or satellite techniques. Based on this topic 

and on Web of Science resources, the issue-related papers 

associated to different keywords (illegal landfill, uncontrolled 

waste disposal, and remote sensing) show that this matter is not 

extensively studied despite being interesting. The details are 

indicated in Figure 1. 

 

Figure 1. Number of issued-related papers. 

According to the bibliographical search, Geographic Information 

System (GIS) and Remote Sensing (RS) are the main techniques 

used for studying landfill expansion and for dump sites 

identification by using specific spectral indices.  

 

1.3 Global abandoned wastes drawback 

In literature, the main references related to abandoned wastes are 

associated to illegal dumpsites. Waste dumping is a worldwide 

problem which generally affects the developing countries. One 

of the principal causes, according to Ichinose and Yamamoto, 

2011, is a shortage of proper waste treatment facilities, which 

induces illegal dumping. As is well-known, improper solid waste 

treatment contributing to a substantial emission of atmospheric 

pollutants of different kinds, including methane, a powerful 

greenhouse gas (GHG). The quantification of such emissions 

from landfills is still a complex matter, because of site-specific 

factors (Cusworth et al. 2020). Nevertheless, it is observed that 

the waste sector is the third methane emitter after the agricultural 

and energy sectors (Yusuf et al. 2012).   

The analysis of abandoned waste materials can help in detailing 

the problem, to focus on the causes and on how to prevent them. 

Generally, household waste, plastics, construction and 

demolition and industrial wastes are the most common materials 

that can be found in illegal dumps. Moreover, this dumping is 

frequently linked to illegal activities. An investigation in 

Thailand discovered that 181 recycling facilities over 762 tend to 

illegally dump hazardous recyclable waste. This was categorized 

as: oil, solvent, and petrochemical waste (25.64%); slag, fly ash, 

coal waste, and sulfide waste (10.26%); automobile parts, printed 

circuit boards (PCB), and electronic waste (17.95%); pesticides, 

chemicals, and metal precipitates (21.79%); and asbestos and 

construction waste (6.41%), while the remainder of the waste 

(17.95%) was mixed and unidentifiable (Otwong et al. 2021). 

In Italy, the main factors leading to illegal dumping are criminal 

activities associated with inadequate industrial waste 

management. In the Campania region, for example, two 

independent investigations led by ARPA and Legambiente have 

documented 39 dumpsites, half of which probably holding 

hazardous materials (Mazza et al. 2015). Another example is 

related to the Calabria region, where a study led by the World 

Health Organization (WHO), analyzed the Italian 

“environmental high-risk sites” and an epidemiologic analysis 

and monitoring of the population around the contaminated sites 

have been done through the specific project. In the whole region, 

the survey has resulted in 696 dumpsites potentially 

contaminated by waste, where only 354 of them are authorized. 

The non-authorized sites are divided in 73 at marginal risk; 262 
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at low risk; 261 at middle risk; 40 at high risk (Comba and 

Pitimada, 2016).  

 

1.4 Environmental and health implications 

The WHO defines a contaminated site as a site which hosts, or 

hosted in the past, an anthropic activity which contaminated or 

could contaminate soil, superficial or ground water, air, or the 

food chain, as each of these can impact human health (WHO 

report, 2013). During the past decades, the illegal practice of 

dumping industrial toxic waste and solid urban waste occurred 

mainly in Southern Italy areas, such as the Campania region 

Alberti, 2022). Tons of waste have been either dumped in 

agricultural areas or illegally burned releasing dangerous 

chemicals, including dioxins, a large family of chlorinate 

compounds, some of which have been recently classified as 

carcinogenic in both animals and humans by the International 

Agency for Research on Cancer (IARC) (Steenland et al. 1997). 

High levels of chemical contaminants (e.g. dioxins and 

polychlorinated biphenyls) have been reported in air, soil, water 

and humans. These results underline the possible long-term role 

of waste and its positive correlation with outcomes such as liver 

and lung cancer and mortality in humans, in addition to a short-

term (less than one year) waste-related effects, confirmed by the 

association with congenital malformation already documented 

(Triassi et al. 2015, Bertolini et al. 1997).  

Moreover, industrial activities can have significant 

environmental and health implications. The magnitude of 

contamination sites in the European continent is largely 

unknown. In each European country there are contaminated sites 

because of uncontrolled and mis-managed industrial activities in 

post-war decades.  

 

2. MATERIALS AND METHODS 

2.1 Model concept 

Traditionally, the identification of abandoned waste sites and its 

categorization require extensive field investigations and 

laboratory analysis, while remote sensing technology can provide 

an alternative approach to determining the characteristics of such 

kinds of areas. 

Different remote sensing techniques can help in detecting and 

analysing flagged sites also to provide suitable information about 

uncontrolled waste. 

The approach is organized as a downscaling system, defined by 

multisource remote sensing analysis (satellite), Unmanned 

Aircraft Systems (UAS) and Unmanned Ground Vehicles 

(UGV). Field investigations are used for the validation of satellite 

data and commodity studies from UAS data computing. 

Information about the commodity class of waste is finally used 

to set up an LCA study focused on waste-to-energy policies and 

circular economy perspectives. 

Finally, a DataBase Management System (DBMS) is set up with 

all the geographical, environmental and commodity class 

information. These phases are organized in a series of packages 

which will be described in the following paragraphs. 

 

2.2 Regional and local analysis 

The first step of the aforementioned model will collect, process 

and extract indexes via remotely sensed data at VHR spatial 

resolution in order to identify, at regional scale, some parameters 

which describe the study area and the temporal changes.  

A pre-processing step will spectrally/spatially co-register 

satellite images and these will be classified for land use analysis. 

Additionally, satellite data are used to retrieve areas which can 

be considered sensitive to waste abandonment.  

In these areas, we will focus on image-differencing analysis of 

spectral indices, highlighting all local anomalies in comparison 

to the natural background.  

For what concerns data within visible and near-infrared domains, 

widely adopted spectral indexes descriptive of vegetation and soil 

which will be used, such as Normalized Difference Vegetation 

Index (NDVI), Leaf Area Index (LAI), Soil Adjusted Vegetation 

Index (SAVI) or Modified Soil Adjusted Vegetation Index 

(MSAVI). These indexes are widely adopted because they can 

monitor land changes globally. In fact, as reported by Mahamood 

et al. 2018 MSAVI is used to retrieve a relation between waste 

heaps and hazardous areas. 

The false positives resulting from the regional analysis could be 

reduced by using geoprocessing with the ancillary data such as 

geo-environmental factors and the historical aerial photographs. 

As reported in Manzo et al. 2017, spatial filtering allows to 

generating maps of hazardous waste sites, which will be 

compared with ground truth-based maps of known contamination 

areas. 

 

2.3 UAS  

Daytime and night-time thermal UAS images will detect 

superficial thermal anomalies which will be registered as warning 

data. 

Once distinguished warning areas by VHR remote sensed UAS 

are used, the drone will recognize the presence of potential 

contamination sources by using an integrated measurement 

system specifically equipped with different devices (optical and 

thermal cameras). The navigation system is based on waypoints; 

the semi-automatic navigation allows to access every area at 

different times and the acquisition of a larger series of 

information on wider areas. 

In order to be able to distinguish sensitive areas through such 

collection of images, Deep Learning architectures are often 

considered successful approaches. Several studies on Deep 

Learning have proven that these architectures can solve visual 

tasks with human-level capability. Usually, they are used where 

remote sensing image analysis is involved, including object 

detection on images, scene classification, segmentation, and 

object-based image analysis. Convolutional Neural Networks 

(CNN), in particular, have been widely known as a powerful tool 

for massive photo processing, as they are able to recognize and 

classify landfill targets. In fact, given a substantial dataset which 

can act for training and testing, we are able to build predictive 

models which can account for both quantitative and qualitative 

aspects of classification and detection even in a landfill 

identification context. CNNs are especially functional for 

distinguishing several heterogeneous areas, which can uncover a 

wide variety of waste objects and disposal areas. Consequently, 

such approaches are also suitable for uncontrolled waste dumping 

issues, that cause serious problems for environmental, economic, 

and ecological backgrounds. According to Youme et al. 2021, for 

example, remote sensing is combined with a CNN structure 

aiming at building a model which can detect uncontrolled waste 

dumping with satisfactory results for uncovered areas through 

high spatial resolution UAV images.  

The detection of waste disposal using UAS allows to manage 

remarkably high spatial resolution images (Youme et al. 2021) 

also by using a range of innovative applications of thermography 

to detect several illegal activities: illegal sanitary sewer and 
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storm-drain connections, illicit wastewater discharges, and other 

anomalies on surface waters can be easily identified using their 

thermal infrared signatures. It can also be used to detect illegal 

solid/liquid waste dumps or illicit air discharges Lega et al. 

2014). 

Following this approach, an NT8 – NEUTECH-AIRVISION® 

9kg UAS is setup, combining different sensors (Figure 2). On the 

drone’s gimbal, an RGB camera (GoPro Hero 7), a multispectral 

camera (Green, Red, NIR bands) (Tetracam ADC Lite) and a 

sensor platform consisting of electrochemical sensors (CO, NH3 

and H2S) are combined. The electrochemical sensors’ box is a 

reduced version of the UGV platform described below. Such 

sensor combination led to an optimal performance for UAS 

investigations. A thermal camera will be added to complete the 

drone setup to acquire a multiparametric data-frame with a single 

flight. 

The RGB dataset will be used for photogrammetric purposes and 

volumetric computations but also to classify images related to 

waste classification of wastes.  

Thermal imagery can be also suitable to aid such kind of analysis 

by considering differences in materials emissivity. Additionally, 

thermal, and multispectral images will be used to evaluate 

environmental issues of surrounding areas. 

 

 
 

Figure 2. UAS setup: A) Multispectral camera, B) 

electrochemical sensor platform, C) GoPro Hero 7  

 

2.4 UGV settings  

In recent years low-cost sensors are used in various fields, 

increasing the generation of data for example in the field of 

environmental monitoring (Zampetti et al. 2020, Kulig et al. 

2021). Among low-cost sensors, electrochemical sensors offer 

various peculiar characteristics such as: simplicity of use (with 

simple consumer electronics it is possible to obtain good 

performance), specificity, low cross- sensitivity with respect to 

humidity, good durability, wide range operativity (from a few 

ppb to tens of ppm) and low energy consumption, as they 

generate current when exposed to the compound (Li et al. 2023, 

Privett et al. 2010). The same trend of use and growth in demand 

on the sensor market has been seen by NDIR sensors for CO2 

measurement. This type of sensor is based on the classic atomic 

absorption of the CO2 molecule in the infrared range. In fact, 

even if this technique has become well-known only in the last 

few years, there are very small sensors on the market capable of 

measuring CO2 with good performance in terms of sensitivity and 

cross-sensitivity while retaining a low cost (Dinh et al. 2016). 

Finally, in the field of atmospheric monitoring of pollutants, the 

use of low-cost sensors for measuring suspended particulate 

matter (PMx) is increasingly widespread (Zampetti et al. 2017). 

For this task, the sensors that are used to equip the UGV are based 

on optical scattering and are known as optical particle counters 

(OPC) (Alfano et al. 2020). Although, OPCs are available on the 

consumer market at a very low cost, offering performances 

comparable to more expensive systems, because they do not 

directly measure the mass of the particulate, they show, in certain 

circumstances, a deviation from the values measured by 

conventional systems based on gravimetric methods. However, 

the information on dimension is increasingly used, at the expense 

of mass in the study of the correlation between human health and 

PMx. For these reasons, we have developed a monitoring system 

on board the UGV based on these technologies and the block 

diagram is shown in Figure 3. 

 

 
 

Figure 3. Blocks diagram of the developed sensors platform 

installed on UGV. 

 

To monitor CO, NH3 and H2S, electrochemical sensors (by 

Alphasense) were used, an OPC (SDS011 by NOVA PM) was 

used to measure PMx and an NDIR sensor is used to measure 

CO2 (COZIR). Suitable main electronics acquired the signal from 

the sensors and stored the data locally and adding the GPS 

position. The UGV was equipped with a remote control and a 

power unit to control the vehicle movements by following simple 

path patterns to the point of interest with a fixed velocity. 

 

3. WASTE TO ENERGY IMPLICATIONS 

Conceptually, circular economy aims to provide new life to 

something considered no more usable. In fact some NGOs, such 

as Zero Waste Europe (ZWE), affirm that “WtE does not have a 

place in the circular economy as the material loops are closed 

when ‘there is nothing le t to burn’ ” (Zero Waste Europe report 

2016). For this reason, the European Commission clarifies the 

role o  WtE in the  ir ular e onomy  ex ressed that: “Waste-to-

energy processes can play a role in the transition to a circular 

economy, provided that the EU waste hierarchy is used as a 

guiding principle and that choices made do not prevent higher 
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levels o   revention  reuse and re y ling.” (European 

Commission communication, 2017).  

For the E ’ obje tives, separate collection and recycling capacity 

should be the priority and WtE must be applied when no more 

options except landfill are available.  

From a waste management point of view, the European 

Commission stated that a great amount of secondary raw 

materials could be recovered from European waste streams: only 

the 43% of municipal waste is recycled, the rest landfilled (31%) 

or incinerated (26%) (European Commission proposal, 2015). 

Consequently, recycling and energy recovery must be increased. 

For illegally dumped or abandoned materials, WtE could be an 

interesting solution, since usually such kind of materials are 

mixed, degraded and not efficiently separable, so a very small 

fraction could be effectively recycled. Considering an average 

calorific value of 10 MJ/kg, the recoverable energy could be 

significant (Malinauskaite et al. 2017).  

In recent years, several new technologies are in the process of 

being deployed to recover energy from waste streams. These 

technologies may be divided into three main groups based on the 

conversion process used: thermochemical, physicochemical 

(transesterification), and biochemical (fermentation, anaerobic 

digestion). Modern technologies of thermochemical conversion 

include high-efficiency combustion, pyrolysis (Czaj zyńska et 

al. 2017, Chen et al. 2014) or gasification (Lombardi et al. 2015). 

To sum up, WtE promotes a synergy of three EU policies: waste 

management, energy union, and environmental (climate change) 

policy. The connection of these policies helps the Member States 

to meet the EU targets especially in the context of resources and 

energy efficiency (Malinauskaite et al. 2017). The adoption of 

remote sensing technologies will improve the capacity to detect 

abandoned wastes and to retrieve effective information about 

quantities and a generalized waste commodity analysis to be used 

to evaluate WtE potentials. 

 

4. RESULTS AND DISCUSSION 

This research aims at presenting preliminary results of the on-

going INTESA project which aim is to build a downscaling 

approach to identify areas with evidence of abandoned wastes 

and those sensitives to abandonment of wastes. The potential 

application of the downscaling system is mainly to set up a 

technological system to recognize abandoned waste sites with 

low cost and prompt procedures but also studying WtE potentials.  

Figure 4 presents the hierarchical scheme setup for abandoned 

waste identification and analysis in the framework of 

environment and circular economy. 

The general output of this research is to create a semi-

automatized procedure based on the integrated use of remote 

satellite and UAS/UGV dataset for the identification of areas 

concerned with environmental issues related to abandoned 

wastes. 

Therefore, the general outputs can be summarized as follows: 

1) Analytical procedure able to identify abandoned materials. 

2) Development of an innovative sampling and monitoring 

system for pollutants emitted by the accumulations of materials 

which will be installed on a UGV and UAS. The devices will be 

used for short-range inspection in suspicious areas or areas 

indicated by the air/satellite system. 

3) Creation of a register of the areas identified by the presence of 

abandoned material accumulation. 

4) Creation of an app for smartphones that allows individual 

citizens to report the presence of abandoned waste. 

 

 
Figure 4. Downscaling procedure for INTESA Project 

 

The assistance of a ground system that can monitor polluting 

compounds near the point of interest is of great relevance. This 

is usually done with portable or fixed systems, such as samplers 

or gas sniffer devices, necessitating to the employ of trained 

personnel (Daugela et al. 2015, Daugela et al. 2021). To reduce 

costs and any obstacle to inspection due to hazard, in this work 

we show the use of a terrestrial drone (UGV) equipped with an 

ad-hoc monitoring system for compounds emitted in landfills. 

The monitoring system uses low-cost sensors to measure and 

transmit data to a remote elaboration platform. 

After the design and development phase of the monitoring 

system, several laboratory tests were performed to calibrate the 

sensors. In Figure 5 we report an example of the output of the 

H2S sensor after the calibration activities. 
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Figure 5. UGV and CO and H2S sensors calibration 

 

This procedure can provide both local and regional information 

which can help policy maker with determining the best way to 

manage the territory. 

As reported by Li et al. 2020, the use of remote sensing 

technologies has different positive traits which can be used to 

improve the knowledge of the environment and to support 

institutions and policy makers. In this framework, the scientific 

impact of this research is linked to an innovative method to detect 

and describe environmental potential risks related to pollution. It 

is important to underline that currently there is no methodology 

capable of integrating multi-platform remote sensing data and 

chemical-environmental information that can be applied in a 

smart way. 

However, even by using advanced technology we may still 

encounter some difficulties related to the lack of high-quality 

training images or the dependency of the training model on a 

specific geographical location. Nevertheless, the use of a 

multidisciplinary approach can improve the automation 

procedure for waste detection and the knowledge of the 

environmental conditions. Finally, the use of drones for 

environmental monitoring and waste classification can be 

considered a pioneering approach to support local authorities and 

to set new WtE market.  
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