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Abstract 

The aim of the work is to present the data architecture proposal for use of big data technologies to 

create a business platform that will enable a autonomy of business processes and near-real time reaction 

to changes in the internal and external environment of the smart waste management system. A brief 

overview of the relevant literature shows that the work was mainly done on individual components and 

use cases dealing with mainly individual business process. This proposal emphasizes the need for a 

systemic and broader view of the overall processes and the need for the existence of a platform that will 

enable the use of different technological solutions for individual components of the business subsystem. 

Proposed model describes the components specific to the waste management system. Special details are 

devoted to the elements crucial to establishing smart management using AI and ML processes. The paper 

will highlight the potential advantages and opportunities that the proposed architecture should enable 

and improve the existing vision and solutions of smart waste management. The components are 

described in a graphic representation of the entire system architecture, which in future iterations should 

be further refined in more detail for the specific needs of the smart waste management system for real 

business needs. The purpose of the proposed architecture is to optimize the process of waste 

transportation as one of the key processes of urban mobility in cities using Big Data, AI and ML 

technologies. 
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1 Introduction 

Waste management as a social process in 

society does not receive as much attention as 

commercial projects, especially when we talk 

about complete big data solutions and their 

realization in the real sector. 

Sustainable development programs offer the 

possibility of financing project for these solutions, 

but also taking into account the commercial 

solutions so far, there is not a single example of a 

functional and comprehensive big data platform 

for the need of waste management. 

Big data concept, by using high technology, 

enables much greater possibilities than 10 years 

ago, when it first appeared. This also brings 
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certain challenges, especially when it comes to the 

possibility of collecting a large amount of data 

and then the comprehensive complexity and 

efficiency of the system for processing and 

making useful conclusions from a business 

perspective. 

The purpose of proposed architecture is to 

define big data platform components for optimal 

relationship between business needs and 

technological capabilities, with the aim of 

creating the most efficient data collection model 

including the business aspect of waste 

management. 

In the previous works, individual elements of 

the business process of waste management were 

mostly processed, while not going into the general 
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systemic aspect. Most papers are just about 

systems that collect data on the amount of 

generated waste in real time or the possibilities of 

using deep learning algorithms for waste 

classification, but no one considers business 

requirements. 

 

2 Related works 

Existing and available literature mainly 

contains examples of different models and 

frameworks for smart waste management. Most 

of the presented solutions include partial solutions 

to problems or the use of technologies for certain 

aspects and individual components of the waste 

management subsystem. 

In the analyzed papers, the authors proposed 

models that deal with solutions to problems that 

include: 

 identification of waste containers, 

 identification of the filling level of waste 

containers, 

 routing of vehicles for waste removal, in 

accordance with the capacity of waste 

containers, 

 using artificial intelligence for waste 

classification 

Analyzing the literature, the solutions mostly 

solved the problems identically, but with the use 

of different technologies. The earliest solutions 

used only RFID technologies, and after that came 

models of solutions with IoT sensors and 

communication technologies based on cellular 

networks or, in recent literature, Lora WAN 

technologies. [1-8] 

Paper [1] defines architecture of Waste City 

Management System solution for a waste 

management system based on IoT sensor 

technologies, and also discusses a algorithm for 

optimizing transportation routes by dividing them 

into clusters. 

An IoT based application, with advanced 

system of IoT devices that uses an ultrasonic 

sensor to collect the volume of waste containers, 

but also detects the arrival of the client, and 

automatically opens lid of the bin can be used as 

part of smart garbage management system for a 

sustainable urban life [2].  

The paper [3] proposed and analyzed the use 

of a specific algorithm for routing garbage 

collection vehicles combining graph theory and 

logistic regression, with the possibility of 

assessing the probability of a trash bin being fully 

based on the number of classes in the university. 

Artificial intelligence is most often used for 

waste classification using deep learning 

algorithms. Use of CNN image recognition 

networks (Convolution Neural Network) is one of 

solutions for waste classification [4].  

Paper [5] explains the use of the VGG16, a 

deep learning-based classification mechanism, to 

identify the waste and proposes a waste separation 

system using a robotic arm. 

Some models deal with special classes of 

waste, such as food or construction material. The 

proposed solutions extend the systems to details 

related to identification for billing purposes or 

provide a detailed model for each special 

administrative business service domain [6]. 

All proposed solutions do not observe, in 

depth, the business aspect of processes in terms of 

parameters that should be taken as relevant for 

analysis, e.g. For efficient routing of waste 

collection vehicles, it is not only the volume - 

percentage filling of waste bins that is relevant, 

but also the weight of the waste as well as the 

current capacity of the vehicle that collects the 

waste. Most of the solutions take a constant limit 

for deciding on the need to empty the 

corresponding container, eq. 70% [7], although 

for the business approach more relevant data are 

on the dynamics, i.e. the speed of filling the waste 

container. 

In the paper, we will propose a data platform 

that should integrate and unify the use of several 

proposed solutions in terms of architecture that 

would support the application of some of the 

proposed solutions, but also their upgrading and 

the use of input in ML and AI processes with the 

aim of learning a better model that is more 

relevant for the decision making. The solution 

should support near-real time processes as well as 

batch processing for business intelligence.   

 

3 Data architecture proposal of big 

data platform for smart waste 

management  

The basic task of the proposed data 

architecture is scalability and the possibility to 

satisfy the needs for infrastructure that would 

enable different cases of using big data 
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technology for the needs of smart waste 

management system. 

Scalability includes the collection, processing 

and use of processed data results in the case of 

batch, i.e. post-processing of data for the purpose 

of business intelligence, but also for different ML 

and AI models, as well as use for near-real time 

processing of data for navigation and timely 

transfer of information between clients, 

management and workers who collect waste. 

The architecture differs from the classic so-

called Lambda architecture, which implies the 

existence of two different data layers, one for 

batch processing and the other for real time 

processing. 

The architecture of the proposed system relies 

on the use of Kafka, as the main and basic 

protocol for collecting and "pre-processing" data, 

based on which part of the data, through the 

application of the API, would be used for real-

time response needs. The second part of the data 

would feed the HADOOP data plane for BI/AI 

processes. 

The described frame is represented by Figure 

1, and below are the descriptions of components 

specific to the waste management system. 

IoT sensors specific to waste management can 

be diverse. 

Ultrasonic sensors for evaluating container 

capacity. Containers for collected waste can be of 

different dimensions and sizes, and can be 

installed independently or underground. The 

system must be suitable for the possibility of 

processing sensors from different manufacturers 

and different data transfer technologies, as well as 

the possibility of processing data in the case of the 

existence of two or more sensors on one container 

for the purpose of better prediction of capacity. 

IoT sensors for detecting bad smells, gases, 

as well as temperature and humidity can be 

included in the process of prioritizing a certain 

container in case of incidents related to 

endangering human health. 

The system should also have the possibility of 

using IoT sensor scales on containers or trucks, 

and efficient recording of weight changes of the 

material being transported. 

Container identification devices, which are 

emptied, can include RFID sensors on trucks and 

RFID identification on containers or the use of 

cameras with an OCR system to read the 

identification. 

The GPS system for tracking the path of waste 

removal trucks is one of the main elements that 

enables the collection of necessary information 

about the location, path and the time of unloading, 

i.e., the retention of vehicles at individual waste 

removal clusters. 

Fuel and its consumption is one of the key 

costs of the waste transportation system. It is 

possible to monitor fuel consumption through 

Smart OBD sensor devices that communicate 

with the truck's main computer and provide a 

prediction of fuel consumption. A more efficient 

and accurate way of collecting data on fuel 

consumption is a fuel pump station with the 

possibility of logging the amount of truck filling 

using identification cards. The proposed data 

architecture should enable an efficient system of 

pumping data from the pump station logs, and 

their efficient processing in near-real time with 

the possibility of calculating data on the average 

fuel consumption for a given route. 

Key data for managing waste removal must 

also include large scales that will enable the 

application of an efficient and controlled waste 

transshipment process, before transport, to the 

final location of the landfill. 

The most important business data about 

customers, their locations, available labor and 

work resources are usually located in one or more 

ERP systems. The proposed architecture must 

provide a possible way of connection with 

existing databases as well as an efficient process 

of non-real time processed data and conversion 

into useful information. 

The system of communication with users as 

well as the system of active monitoring of work 

orders are key to the effective reaction of the wase 

management system with the environment. It is 

necessary to provide quality tools and a system, 

which will include the use of various managerial 

web dashboards and other web applications, as 

well as mobile applications for clients and the 

company's workforce. 

The active system for monitoring work 

orders consists of a web application for 

accepting and processing orders and sending 

effective orders and changing the status of 

containers in the system that need to be emptied 

in terms of prioritization. 
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Web applications should provide some 

freedom and payment for middle management in 

order to allow the system to be prepared for 

eventual planned events when there will be 

certain overloading or reduction of garbage 

collection needs. 

Mobile applications for truck drivers are 

essential for navigation, but also communication 

and the collection of data on changes and 

information in the waste removal system. 

Mobile applications for clients, especially 

business ones, are essential for effective 

communication and reactions to the real needs of 

citizens. 

Business clients should also be able to use web 

applications for active systems for tracking waste 

removal, especially in the sense of statistics and 

the need to plan their own business needs for 

waste removal. 

In addition to the standard architecture that 

uses Spark and HADOOP for data collection and 

their post-processing and ML model training for 

more efficient decision-making, the key moments 

of the proposed data architecture are in the use of 

Apache Kafka. 

Apache Kafka, as a distributed event store and 

stream-processing platform, will provide a 

unified, high-throughput, low-latency services for 

handling real-time data feeds. 

Proposed data architecture should use Kafka in 

its full capacities to provide use cases as: 

 Streaming ETL (extract, transform, load), 

 APIs, 

 IoT Event Fulfillment, 

 Log Management 

 

The optional use include Cassandra db as 

NoSQL database management system designed to 

handle large amounts of data.  

Kafka will work with Flink to process data 

streams at a large scale and to deliver real-time 

analytical insights about processed data with our 

application and microservices. 

Proposed data architecture will also include 

HADOOP and SPARK processes for standard 

batch and real-data analysis and transformation 

processes. 

Presto (including PrestoDB, and Trino), as a 

distributed query engine for big data, will be using 

as a main engine for the queries. 

For the efficient functioning of the system, it 

is necessary to create an appropriate back-end 

infrastructure in the form of microservices and 

API platforms that will enable an efficient flow of 

information and the integration of all systems, 

including web and mobile applications, as well as 

external tools that can be found in key places of 

system management, such as scales or pumps. 

The proposed architecture is at a certain level 

of abstraction, and it is necessary to adjust it in the 

case of implementation with the corresponding 

deepening of the details, especially in connection 

and interoperability of all waste removal 

subsystems. 

 

4 Potential advantages and 

opportunities of proposed 

architecture  

The proposed data architecture should enable 

a wide range of services related to reporting, 

analytics, business intelligence, but also services 

related to processes in near real time, which will 

include a system of dynamic and near-real time 

Fig. 1. Data architecture proposal for smart waste management [Source: Authors] 
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management of the company's business 

processes, with the aim of timely response to 

changes in internal or external environment. 

The key advantage is reflected in the 

possibility of connecting different components of 

the system with real time processing of data 

before their use on web or mobile platforms, as 

well as the possibility of placing the same or 

selectively selected data in data plans for post-

processing and ML processes for training new 

learning models. 

Processing in real time will enable an efficient 

response of the system to the needs of clients and 

citizens, along with the efficient use of mobile 

applications that will leave the impression of 

continuous monitoring of the entire waste 

collection system. 

 

5 Conclusion and Future works 

The proposed data architecture represents the 

initial basis for the use of big data technologies in 

waste management systems, with the aim of 

creating a model that observes the entire and 

wider aspect from a business perspective 

sufficient for a certain level of managerial 

decision-making in real time. 

On the other hand, in future development, the 

proposed architecture will deal with the more 

detailed development of the architecture in terms 

of ensuring conditions and processes that will 

enable a certain autonomy of the system and 

reacting in near-real time to changes that will 

include internal parameters of business processes 

as well as external changes in the environment or 

personal user requests. 
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