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Sustainable development  
of smart cities through municipal 
waste incinerators: the examples  
of artificial intelligence  
in technological entrepreneurship

A B S T R A C T
The article aims to analyse AI’s use for optimising management processes in urban 
waste incineration plants, making them consistent with the implementation of the 
sustainable development goals SDG #11 and SDG #12. The triangulation of research 
methods was chosen to achieve the most reliable research outcomes. The case study 
was the selected qualitative method. Among the available techniques, two were 
selected: Computer-Assisted Web Interviewing (CAWI) and in-depth interviews, both 
of which were employed to gather the necessary data. Scientific research analysed the 
AI-based technologies used by individual incinerators. The analysis encompassed 
trends in waste incineration plants utilising AI for sustainable development in smart 
cities, particularly for achieving SDG#11 and SDG#12, focusing on leveraging AI to 
enhance environmental outcomes. The effect of using AI in municipal waste incineration 
plants for SDG#11 and SDG#12 can be applied to other entities implementing the 
principles of sustainable development in smart cities. The identified trends underscore 
the importance of adopting and implementing integrated policies and plans that 
address inclusion, resource efficiency, climate change mitigation and adaptation.
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Introduction 

The article presents selected aspects of imple-
menting the principle of sustainable development of 
smart cities through AI in municipal waste incinera-
tors. Moreover, it focuses on using artificial intelli-
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gence to mitigate urban problems, especially air 
pollution, waste management, and sewage treatment. 
The analysis focused on the activities of waste incin-
eration plants in the context of achieving SDG#11 
goals (Sustainable Cities and Communities) and 
SDG#12 (Responsible Consumption and Produc-
tion).
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Compared to other research methods, the case 
study provides the richest array of techniques and 
tools for data collection. Among the available tech-
niques, two were selected: Computer-Assisted Web 
Interviewing (CAWI) and in-depth interviews, which 
were employed to gather the necessary data. The 
research sample comprised all nine municipal waste 
incineration plants located in Poland at the time of 
conducting the survey. These initiatives focus on 
improving waste management processes, reducing 
emissions, and contributing to cleaner urban envi-
ronments, which are in line with the broader objec-
tives of sustainable development and smart city 
infrastructure optimisation.

The focus on Polish cities in achieving the SDGs 
reflects their critical role in the global sustainability 
agenda, emphasising the need for innovative 
approaches to urban planning and management that 
prioritise both environmental and social sustainabil-
ity (Cubric, 2020; Šulyová & Kubina, 2022). Decision 
support tools for the sustainable development of 
smart cities are increasingly utilising AI to optimise 
these processes and ensure higher living standards for 
the inhabitants of Polish smart cities (Chui et al., 
2018; Paiva et al., 2021; Szpilko et al., 2020).

1. Literature review 

The discussion focuses on relationships between 
AI and rapid advancements in municipal waste incin-
erators and sustainable development (SD). The aim is 
to understand whether AI can influence the produc-
tion of municipal waste incinerators to achieve sus-
tainable resource management according to the 
Sustainable Development Goals (SDGs) outlined in 
the United Nations’ 2030 Agenda. Table 1 illustrates 
the scope of AI definition in the chosen publications. 

The first Analytical Engine was developed in the 
1830s by Ada Lovelace and Charles Babbage. Lovelace 
created what is considered the first operational pro-
gram for calculating Bernoulli numbers on Babbage’s 
machine, thereby setting the standard for contempo-
rary artificial intelligence and machine learning (AI) 
systems. Although Lovelace was enthusiastic about 
the Analytical Engine’s potential to generate conclu-
sions that the human mind could not achieve, she 
argued that the machine was incapable of producing 
original ideas. The Dartmouth Research Project 
defined AI as the problem of “making a machine 
behave in ways that would be considered intelligent if 
human behaviour were like this” (McCarthy et al., 

1955). AI must be understood as the ability of a sys-
tem to act intelligently and to do so in increasingly 
broader domains (Ertel et al., 2018; Chen et al., 2021; 
Gupta et al., 2023; Moravec et al., 2024), accurately 
interpreting external data and using these insights to 
achieve specific goals and tasks through flexible con-
figurations (Jha et al., 2017; Kaplan et al., 2019; 
Lévesque et al., 2022). AI is a distinct concept from 
the Internet of Things (IoT) and Big Data, although 
interconnected. Artificial Intelligence (AI) trans-
formed the mechanisms of generating and utilising 
information for decision-making processes (Mikalef 
et al., 2017; Subotic et al., 2021; Wu et al., 2021; Lazar-
oiu et al., 2022) and revolutionised business opera-
tions (Yigitcanlar et al., 2020; Wang et al., 2021), 
impacting trade practices and management across 
various sectors (Wirtz et al., 2019). These sectors are 
now offering increasingly competitive and sustainable 
products or services (Govindan et al., 2019; Garbuio 
et al., 2019; Wirtz et al., 2019). Currently, the synergy 
between artificial technologies and human intelli-
gence is anchored in algorithms designed to assist 
managers in making informed decisions. This has 
initiated a cultural shift wherein a vast array of data, 
connections, and interactions become integral to the 
standard management protocols within organisations 
(Sievers et al., 2021). Such mathematical models 
facilitate managerial tasks by providing well-cata-
logued and organised information repositories. Pre-
vious research has even indicated that, in many 
instances, these algorithmic models outperform 
human decision-making capabilities. Sousa and 
Rocha (2019) proposed a developmental model for 
the requisite skills — innovation, leadership, and 
management — for disruptive business managers, 
given AI’s application in business intelligence pro-
cesses. 

Current research on sustainable entrepreneur-
ship based on artificial intelligence is also significant 
(Subotić et al., 2021). Many industries have been 
“touched” by the development of artificial intelligence 
(Bibri, 2020; Wang et al., 2020). Wynsberghe (2021) 
defined the term “sustainable artificial intelligence” as 
a way of using artificial intelligence to enable societies 
to achieve their sustainable development goals. Arti-
ficial intelligence is integrated with environmental 
and energy systems, as well as other innovative tech-
nologies, to facilitate sustainable development 
(Vinuesa et al., 2020).

This trend could assist enterprises in identifying 
the nexus between innovation and sustainability 
(Stone et al., 2016), aiming to incorporate AI into 
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Tab. 1. Scope of AI definition in the chosen publications

Authors and title  
of publications Scope of AI definition

McCarthy et al. (1955) as the problem of “making a machine behave in ways that would be considered intelligent if human 
behaviour was like this”

Nilsson (1983) must be understood as the ability of a system to act intelligently and to do so in increasingly  
broader domains

Taddy (2018) in many instances, these algorithmic models outperform human decision-making capabilities

Mikalef et al. (2017) transformed the mechanisms of generating and utilising information for decision-making processes

Stone et al. (2016) objective of incorporating AI into decision-making in municipal waste incinerators

Sousa et al. (2019) developmental model for the requisite skills with AI’s application in business intelligence processes

Schneider et al. (2019) revolutionised business operations, impacting trade practices and management across various  
sectors

Subotić et al. (2021) sustainable entrepreneurship based on artificial intelligence is also significant

Wynsberghe (2021) defines the term “sustainable artificial intelligence” as a way of using artificial intelligence to enable 
societies to achieve their sustainable development goals

Vinuesa et al. (2020) AI-like applications are integrated with environmental and energy systems and other innovative 
technologies to facilitate sustainable development

decision-making in municipal waste incinerators to 
fulfil the Sustainable Development Goals (SDGs). 
The business sector is pivotal in the strategy to achieve 
the United Nations’ Sustainable Development Goals 
by 2030, as it is a primary driver of economic growth. 
In reality, municipal waste incinerators of any size 
production are capable of developing more responsi-
ble business models, thereby providing a critical 
impetus towards the implementation of Sustainable 
Development Goals (SDGs) through investments in 
technological innovations and the engagement of 
multiple stakeholders. Innovation serves as the life-
blood of business operations because, through cut-
ting-edge technologies, it is feasible to implement 
sustainable models of production and consumption 
that align perfectly with the objectives of the UN 
2030 Agenda, particularly with SDG#12 (responsible 
consumption and production — ensuring sustainable 
consumption and production patterns). The integra-
tion of new social and environmental demands with 
the company’s standard, in alignment with neoclassi-
cal economic theory (Skowronek et al., 2015, Stawasz, 
2016; Winkowska et al., 2019), necessitates the pro-
tection of ecosystems and individuals, as well as the 
assurance of social equity (Stubbs et al., 2008, Walicka 
et al., 2015, Czemiel-Grzybowska, 2022).

Subjects of smart cities that heavily rely on infor-
mation and communication technologies have been 
realised in various countries (Alifi & Supangkat, 
2016; Yamakami, 2017; Szpilko et al., 2023; Baali et 
al., 2022). AI continues to revolutionise management, 
energy generation, and consumption within smart 
cities, underscoring its far-reaching implications for 

entrepreneurship development (Muhammad et al., 
2019; Pramod et al., 2023).

1.1.	 Research gaps

The systematic literature review identified 
research gaps regarding the nexus of sustainable 
technological entrepreneurship and AI for the years 
2000–2023. The following thematic groups were 
addressed in publications and research gaps in the 
context of linking AI with sustainable development of 
technological entrepreneurship (Table 2).

Results presented in this article on Artificial 
Intelligence-based Decision Support Systems in 
urban resource management were selected for scien-
tific research from the identified research gaps (Cze-
miel-Grzybowska, 2023). The topic was analysed in 
detail: the use of artificial intelligence to mitigate 
urban problems, especially air pollution, waste man-
agement, and sewage treatment. The analysis was 
conducted of the activities of waste incineration 
plants in the context of achieving SDG#11 goals 
(Sustainable Cities and Communities) and SDG#12 
(Responsible Consumption and Production).

The aim was to address the literature gap by 
responding to the following research questions:

(1) What are the areas of AI application in 
municipal waste incinerators within the context of 
sustainable development of smart cities?

(2) What are the trends in activities of waste 
incineration plants using AI for sustainable develop-
ment in smart cities, particularly in achieving SDGs, 
especially goals SDG#11 (Sustainable Cities and 
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Tab. 2. Research gaps in the field of AI and technological entrepreneurship

Common thematic  
areas of articles

Issues addressed  
within the areas

Identified research gaps  
in individual publication topics

1. Sustainable consumption • sustainable construction,

• water management 
 systems with AI

• agriculture 4.0,

• sustainable energy sources,

• the convergence of the  
Internet of Things and  
artificial intelligence in urban 
resource management,

• evaluation of renewable 
energy technologies,

• smart campuses,

• energy optimisation

Ad.1. The use of artificial intelligence technology to make buildings 
more ecological and to increase the sense of responsibility among 
their inhabitants towards sustainable development

2. Artificial Intelligence-based 
Decision Support Systems in 
urban resource management

Ad.2. The use of artificial intelligence to mitigate urban problems,  
especially air pollution, waste management, and sewage treatment

3. Forecasting models Ad.3.1. The use of artificial intelligence in transportation in the context 
of traffic forecasts or public transport planning

4. Economic and process issues Ad.3.2. Analysis of the relationships between climate change  
and artificial intelligence in the aspect of the emergence of the field of 
“climate informatics”

5. Automated systems Ad.3.3. The use of artificial intelligence in transportation in the  
context of traffic forecasting or public transport planning

6. Convergence with digital 
technology

Ad.4. The impact of artificial intelligence and other ecological  
technologies on the working conditions of farmers and farm operators

Ad.5. Challenges faced by artificial intelligence algorithms and models 
in assessing renewable energy solutions

Ad. 6. The potential of artificial intelligence for practical learning and 
training for various stakeholders, including farmers, residents, and 
employees

Source: elaborated by the author based on Czemiel-Grzybowska (2023, p. 126).

Communities) and SDG#12 (Responsible Consump-
tion and Production), involve integrating AI to 
enhance efficiency and sustainability.

2. Research methods 

In selecting the research methodology, the aim 
was not solely to adhere to scientific rigour but also to 
identify an optimal approach that ensures an objec-
tive, rational, organised, systematic, and structured 
scientific process (Campbell, 1966). Consequently,  
a triangulation of research methods was chosen to 
achieve the most reliable research outcomes. The case 
study was a selected qualitative method. Although 
this approach is characterised by strict requirements, 
it allows for considerable flexibility. Patton (1985) 
highlights that the strength of such a method lies in 
its ability to grasp the uniqueness of the situation, the 
nature of the specific phenomenon, its context, and 
its interactions with other elements rather than in 
attempting to predict future occurrences. Similarly, 
Yin (2009) advocates for the use of the case study 
method to gain a profound understanding of the 
phenomenon under investigation. Compared to 
other research methods, the case study provides the 
richest array of techniques and tools for data collec-

tion. Among the available techniques, two were 
selected: Computer-Assisted Web Interviewing 
(CAWI) and in-depth interviews, which were 
employed to gather the necessary data.

The research was conducted using the CAWI 
method. This quantitative research method allows for 
the administration of a prepared survey. The infor-
mation from the survey was then supplemented with 
data from direct interviews. The sample was selected 
by including all municipal incinerators in operation 
as of January 15, 2024. In the first stage, surveys were 
sent out for completion. In the second stage,  
based on the survey results, in-depth interviews  
were conducted. The research model is presented in 
Fig. 1.

The research sample comprised all nine munici-
pal waste incineration plants located in Poland at the 
time of conducting the survey. The survey included a 
metric identifying the municipal waste incineration 
plant in terms of location, processing capacity (size), 
thermal power, and electrical power (Table 3).  

The survey questionnaire was sent to respondents 
via email. Based on the responses received from the 
survey, follow-up questions were prepared for the in-
depth interview. The questionnaire consisted of an 
introduction outlining the purpose of the study, 20 
survey questions, including some open-ended ques-
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Tab. 3. Research sample

Waste incineration plant and 
the year

of commissioning

Estimated  
processing  

capacities (Mg/r.)

Percentage share in 
the total processing 

capacities

Thermal capacity
(MWt)

Electric power
(MWe)

Warsaw waste incineration plant 
(2001) 40 000 3.0 9.1 1.4

Konin waste incineration plant 
(2015) 94 000 7.0 15.5

4.4

Białystok waste incineration 
plant 120 000 9.0 17.5 6.1

Bydgoszcz waste incineration 
plant 180 000 14.0 14.0

14.0

Krakow waste incineration plant 220 000 16.0 27.7 9.2

Poznan waste incineration plant 210 000 15.0 34.0 15.0

Szczecin waste incineration plant
150 000 11.0 32.0

9.4

Rzeszow waste incineration 
plant 100 000 7.0 16.5 4.6

Zabrze waste incineration plant 250 000 18.0 bd bd

ALL 1 364 000 100 x x

tions, and a conclusion with a demographic section. 
The survey was directed at the management of the 
incineration plants. The goal of the survey technique 
was to gather comparative data on the performance 
of each incineration plant in terms of processing 
capacity, primary data for each plant, insights into 
absorption capacity for new technologies, operational 
challenges and limitations in the field, and competi-
tive advantages. The purpose of the in-depth inter-
view technique was to identify development 
conditions specific to each entity, determine the level 
of maturity, and assess growth prospects based on 
new technologies. 

Approximately 450 waste incineration plants are 
operational across Europe. Poland currently has 157 
facilities for the mechanical-biological treatment of 
municipal waste, including nine municipal waste 
incineration plants. In 2021, the utilised processing 
capacities for municipal waste in Poland remained at 

the same level as in 2020, which was 45 %. Municipal 
waste incineration plants, as in 2020, did not utilise 
their permitted capacities. The amount of municipal 
waste approved for thermal treatment in decisions 
accounted for about 19 % of the produced municipal 
waste. Municipal waste incineration plants in 2021 
only converted a mere 8 % of the produced municipal 
waste. Countries advanced in ecology and health 
protection, such as Germany, the Netherlands, and 
the Scandinavian countries, have been utilising ther-
mal waste disposal for years. Polish waste incinera-
tion plants dispose of municipal waste, i.e., 
household-originated waste. Currently, efforts are 
made to ensure that only non-recyclable and non-
segregable waste is sent to incinerators. This approach 
prevents the destruction of recoverable materials, 
allowing their reuse. Additionally, incineration plants 
provide a safe method for disposing of solid waste 
from sewage treatment facilities. Table 3 presents the 
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characteristics of the research sample, which includes 
all municipal incineration plants in Poland.

Municipal waste incineration plants in 2021 only 
converted a mere 8 % of the produced municipal 
waste. Countries advanced in ecology and health 
protection, such as Germany, the Netherlands, and 
the Scandinavian countries, have been utilising ther-
mal waste disposal for years. Polish waste incinera-
tion plants dispose of municipal waste, i.e., 
household-originated waste. Currently, efforts are 
being made to ensure that only non-recyclable and 
non-segregable waste is sent to incinerators. This 
approach prevents the destruction of recoverable 
materials, allowing their reuse. Additionally, incinera-
tion plants provide a safe method for disposing of 
solid waste from sewage treatment facilities. 

3. Research results 

The proliferation of sustainable development of 
smart cities involves the harmonisation of all three 
dimensions (economic, environmental, and social), 
which are “indissolubly connected and interdepend-
ent”. Numerous scholars have demonstrated that the 
outcomes of SDGs are contingent upon the interac-
tions among human, technical, and natural systems. 
It is crucial to ascertain whether and how the intro-
duction of AI contributes to the SDGs.

All municipal incineration plants are making 
efforts to automate and forecast their flows and pro-
cesses (Fig. 2). However, particularly sensitive pro-
cesses are being forecasted using artificial intelligence. 
In the in-depth interviews, four out of nine respond-
ents indicated that improvements to the system could 
be achieved by the AI application designed to identify 
proximity to the temperature of 1100°C, which is 
critical for waste containing over 1 % chlorinated 
organic compounds calculated as chlorine. One of 
the incineration plants stated, “this is a critical value 
for us”. Subsequently, five out of nine respondents 
highlighted improvements through the AI applica-
tion that identifies the approach to the temperature 
level of 850°C, which is crucial for wastes containing 
less than 1 % chlorinated organic compounds, calcu-
lated as chlorine (threshold level). 

However, only two out of the nine respondents 
pointed to the use of AI application as a significant 
factor in improving processes that detects the dwell 
time of flue gases in the chamber — the minimum 
combustion time is two seconds at an oxygen content 
of at least 6 % (threshold level).

In the in-depth interviews, respondents high-
lighted both current and future possibilities for the 
application of AI in municipal incineration plants, 
aimed at optimising operations and achieving Sus-
tainable Development Goals (SDGs). The proposals 
were systematically categorised into three heuristic 
categories. Respondent 1 stated, “The use of AI in 
data management: secure cloud storage with the 
capability of automatic sharing with stakeholders 
(regulatory bodies) — this facilitates bringing data 
control closer to the data entry point, as well as stor-
age in a distributed ledger that enhances the activa-
tion of smart contracts (data control contracts)”. 
Respondent 2 noted, “The use of AI in data tokenisa-
tion allows for the registration, storage, sharing, and 
transfer of digital assets using blockchain technology. 
Through tokenisation, it is possible to track the status 
of intangible objects and smart contracts, enabling 
the monitoring and comparison of data flows in real-
time”. Respondent 3 highlighted the future applica-
tion of AI in “the reorganisation of inter-organisational 
work processes through smart contracts, aimed at 
reducing coordination efforts”. This includes auto-
mating the elimination of unnecessary (unused) tasks 
by employing intelligent process variants, followed by 
optimising the sequence or parallel execution of tasks 
carried out by smart contracts. Respondent 4 empha-
sised the importance of AI in managing a portfolio of 
processes, stating that “strategic alignment is essential 
to connect data management processes with process 
management and the BPM platform”. Respondent  
5 indicated that “AI enables the future automation of 
monitoring activities on the BPM platform, starting 
from the control of quantity and quality parameters 
of individual incoming transports, through segrega-
tion, incineration, and the removal of sold recoverable 
materials (plastic, glass, metals), including energy. 
Respondent 6 pointed out that “AI will accelerate the 
elimination and remediation of inefficiencies and 
bottlenecks, and through innovative exploitation, it 
will identify areas for performance improvement as 
well as competency gaps”. Respondent 7 observed 
that “the use of AI enables the identification of infor-
mational gaps in processes, supplementing previously 
‘fragmentary’ data with comprehensive information 
by redesigning the flow of information”. Respondent 
8 highlighted “the demand for process risk analysis 
using AI, particularly in areas involving sensitive data 
subject to stakeholder scrutiny. The expectation in 
this domain is for automatic updates of risk factors”. 
The final respondent, Respondent 9, indicated that 
“automated sorting — AI-driven robotics can 
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improve the efficiency of waste sorting before incin-
eration, ensuring that recyclable materials are sepa-
rated, thereby reducing the volume of waste that 
needs to be incinerated. Data Analytics with analys-
ing waste composition data using AI can help in bet-
ter understanding waste generation patterns, leading 
to more effective waste management strategies”. Every 
respondent pointed out that incorporating AI in 
incineration plants offers a pathway to significantly 
improve operational efficiency, reduce environmental 
impact, and enhance the overall sustainability of 
waste management processes, thereby supporting 
multiple SDGs simultaneously.
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Areas of AI application in municipal waste incin-
erators within the context of sustainable development 
of smart cities can include optimisation of combus-
tion processes: AI can analyse data related to the 
composition of waste and combustion conditions to 
optimise combustion processes, reducing the emis-
sion of harmful substances and increasing energy 
efficiency (Fig. 3, based on the surveys and in-depth 
interviews). In the framework, waste management 
like AI systems can assist in sorting waste and decid-
ing on the best methods for its processing, increasing 
the recovery of recyclable materials and minimising 
the amount of waste directed to incineration.
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Areas of AI application in municipal waste incin-
erators within the context of sustainable development 
of smart cities can include optimisation of combus-
tion processes: AI can analyse data related to the 
composition of waste and combustion conditions to 
optimise combustion processes, reducing the emis-
sion of harmful substances and increasing energy 
efficiency. In the framework, waste management, 
such as AI systems, can assist in sorting waste and 
deciding on the best methods for its processing, 
increasing the recovery of recyclable materials and 
minimising the amount of waste directed to incinera-
tion. In emission monitoring, AI can be used for 
continuous monitoring and analysis of pollutant 
emissions, helping to maintain them at environmen-
tally compliant levels and identifying areas requiring 
improvement. Prediction and planning, including 
predictive algorithms, can forecast the quantity and 
composition of waste, allowing for better planning of 
combustion processes and incinerator capacity man-
agement.

Another area where AI is used can include main-
tenance and diagnostics. AI can support maintenance 
programs by predicting failures and assisting in 
diagnosing problems, increasing the reliability and 
operational efficiency of incinerators. One important 
aspect of AI use in waste incinerators is integration 
with urban systems. AI can aid in the integration of 
incinerators with other urban systems, such as energy 
management, waste transportation, and urban infra-
structure, promoting a holistic approach to city 
management. The use of AI in these areas can con-
tribute to more sustainable and efficient waste man-
agement in smart cities while minimising the 
environmental impact.

In municipal waste incineration plants, AI neu-
tralises risks by optimising thermal processes to 
minimise the formation of dioxins and furans, 
employing predictive maintenance to prevent equip-
ment failures, and refining emission control systems 
to enhance the capture and neutralisation of hazard-
ous pollutants like mercury and nitrogen oxides, 
thereby ensuring compliance with stringent environ-
mental regulations and contributing to public health 
and safety.

The trends in sustainable development activities 
of smart cities using AI involve various strategies and 
practices, especially in the context of achieving 
SDG#11 (Sustainable Cities and Communities) and 
SDG#12 (Responsible Consumption and Produc-
tion). Key areas of focus include the development of 
frameworks for assessing city sustainability, which, 

although predating the SDGs, align with common 
sustainability principles. However, challenges remain 
in integrating and implementing coherent, city-spe-
cific values, principles, goals, and solutions that 
encompass not only infrastructure, housing, mobility, 
and technology but also social well-being in urban 
contexts. The interconnectedness of social and envi-
ronmental sustainability is strongly emphasised, rec-
ognising that the majority of actions leading to global 
challenges, such as climate change and loss of biodi-
versity, originate in cities. Therefore, the achievement 
of the SDGs will largely be determined by actions 
taken within cities, necessitating locally relevant, 
applied, and quantitative methodologies to monitor 
progress toward sustainability both locally and glob-
ally. SDG#11 (Sustainable Cities and Communities) 
highlights the critical link between the quality of life 
in cities and the management of natural resources. 
The trend towards urbanisation brings increased 
pressure on the environment and a higher demand 
for basic services, making cities particularly vulnera-
ble to the impacts of climate change and natural dis-
asters. Building urban resilience and making cities 
resource-efficient is essential for mitigating these 
risks and ensuring sustainability. This includes pro-
viding access to safe and sustainable transport sys-
tems, enhancing inclusive and sustainable 
urbanisation, and reducing the adverse per capita 
environmental impact of cities.

AI can be utilised in municipal waste incinera-
tion plants in areas such as optimising furnace designs 
for better combustion efficiency, improving air-
injection systems for complete combustion, and 
enhancing flue-gas recirculation to reduce emissions. 
AI can also support the control of auxiliary burners to 
maintain optimal furnace temperatures and assist in 
advanced air-pollution control techniques for remov-
ing particulates, acid gases, dioxins, and mercury. 

Managers added that municipal waste incinera-
tion plants should employ AI applications in advanced 
predictive analytics for pre-emptive maintenance 
scheduling, thermodynamic modelling for optimis-
ing combustion efficiency, spectroscopic analysis for 
real-time emission monitoring, machine learning 
algorithms for adaptive control of incineration 
parameters, and robotic sorting systems integrated 
with computer vision for enhanced waste segrega-
tion, thereby improving operational efficiency, reduc-
ing environmental impact, and ensuring compliance 
with stringent environmental standards. 

These initiatives focus on improving waste man-
agement processes, reducing emissions, and contrib-
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uting to cleaner urban environments, which are in 
line with the broader objectives of sustainable devel-
opment and smart city infrastructure optimisation. 
For more detailed insights, it would be beneficial to 
refer to specific studies or reports in this field.

4. Discussion of the results 

The volume of municipal waste generated in 
Poland is increasing annually. The high-calorie frac-
tion of the waste constitutes approximately 22 % of 
the total mass of municipal waste. This source of heat 
can locally lead to reduced heating prices or supply, 
for example, the tram network of a large metropolis. 
Incineration plants can locally reduce heating prices 
and be competitive with coal (Serban et al., 2020).

Waste incineration is inherently associated with 
the generation of by-products, namely slag and ashes, 
produced in the flue gas cleaning process. However, 
all Polish incineration plants are equipped with facili-
ties to neutralise ashes and slag. This involves adding 
specific chemical compounds designed to neutralise 
the effects of incineration by-products.

In the course of these in-depth interviews, incin-
eration plant managers highlighted various waste 
management approaches optimised through the 
application of AI technology (Ullach et al., 2020; 
Singh et al., 2020; Rani et al., 2021). These approaches 
include storage, use in construction, or filling in min-
ing excavations. All managers reported that munici-
pal waste incineration plants are fully ecological tools 
that complement recycling efforts (Park et al., 2020; 
Ragab et al., 2023). Unlike landfills, a municipal waste 
incineration plant neutralises waste without emitting 
toxic fumes, halting the release of foul odours and 
preventing groundwater contamination. In doing so, 
it aligns with the objectives outlined in SDG#11 
(Sustainable Cities and Communities) and SDG#12 
(Responsible Consumption and Production).

Polish municipal waste incineration plants are 
generating increasingly higher levels of electrical and 
thermal energy production year after year. The incin-
eration process occurs at a temperature of 1100 
degrees Celsius, releasing substantial amounts of heat 
that facilitate the production of electricity, heat, and 
steam. The energy derived from waste is primarily 
used for the plant’s own needs, but an increasing 
proportion is sold to the public grid (Navarro-Espi-
noza et al., 2022; Lopez-Blanco et al., 2023). The rev-
enue from energy significantly accelerates the 
payback of the incineration plant’s initial costs and 

subsequently allows for the generation of increasing 
profits from operations (Muhammad et al., 2019; Ma 
et al., 2020). Managers emphasised that municipal 
waste incineration plants are a much better and more 
ecological alternative to landfills, which not only fail 
to resolve the waste problem but also pose serious 
threats to the environment and human health (Kamel 
et al., 2019; Golinska-Dawson et al., 2023).

The identified trends underscore the importance 
of adopting and implementing integrated policies 
and plans that address inclusion, resource efficiency, 
climate change mitigation and adaptation, and resil-
ience to disasters (Ortega-Fernandez et al., 2020; 
O’Dwyer et al., 2019). The focus on Polish cities in 
achieving the SDGs reflects the critical role they play 
in the global sustainability agenda, emphasising the 
need for innovative approaches to urban planning 
and management that prioritise both environmental 
and social sustainability (Cubric, 2020). Decision 
support tools for the sustainable development of 
smart cities are increasingly utilising AI to optimise 
these processes and ensure higher living standards for 
the inhabitants of Polish smart cities (Chui et al., 
2018; Paiva et al., 2021).

Conclusions 

The article discussed the role of AI in enhancing 
the efficiency and sustainability of municipal waste 
incinerators within smart cities, contributing to the 
achievement of SDG#11 and SDG#12. The research 
emphasises the potential of AI in optimising waste 
management processes, thereby reducing emissions 
and improving energy recovery, which in turn sup-
ports more sustainable urban environments. The use 
of AI in municipal waste incineration plants contrib-
utes to SDG#11 (Sustainable Cities and Communi-
ties) by optimising waste management, thus 
improving urban environmental quality and public 
health. By enhancing combustion efficiency and 
emission controls, AI supports cleaner air and less 
environmental pollution. For SDG#12 (Responsible 
Consumption and Production), AI helps in achieving 
more efficient waste-to-energy conversion, reducing 
landfill usage, and promoting recycling and sustaina-
ble waste management practices, aligning with the 
goal of sustainable management and efficient use of 
natural resources.

For further research, it is recommended to 
explore more integrated AI applications across differ-
ent waste management processes, assess the long-
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term impacts of AI-enhanced waste incineration on 
urban sustainability, and investigate the scalability of 
these technologies in diverse urban settings. Addi-
tionally, studies could focus on the socio-economic 
implications of adopting AI in waste management, 
including job creation, public acceptance, and policy 
frameworks to support technological integration.

Trends in waste incineration plants utilising AI 
for sustainable development in smart cities, particu-
larly for achieving SDG#11 and SDG#12, focus on 
leveraging AI to enhance environmental outcomes.
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