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Abstract. One of the key tools of environmental policy is economic instruments. 
This article focuses on one type of economic instrument applied in waste 
management – namely, fees for municipal waste. The aim of this work is to 
ascertain the amount of mixed municipal waste produced, analyze the level of 
fees for municipal waste, and determine the type of fee applied in Slovakia and 
its individual regions. This work underscores the need to implement volume-
based waste fees and indicates the potential of artificial intelligence which, by 
employing smart bins and sensors, can assist in determining the quantity and 
type of waste. This could form the basis for calculating volume-based fees and 
establishing a more equitable waste-charging system.

Contents:
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                          	 114
2. Research materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                        	 115
3. Research results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                       	 116
	 3.1. Legislation regulating the waste-charging system in Slovakia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                          	 116
	 3.2. Analysis of municipal waste and municipal waste fees in Slovakia’s Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            	 117
4. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                           	 120
5. Conclusions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                          	 122
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                      	 122
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                              	 122

http://doi.org/10.12775/bgss-2025-0042
mailto:eva.mihalikova1%40upjs.sk?subject=
https://orcid.org/0000-0002-3961-0936
http://doi.org/10.12775/bgss-2025-0042


Eva Mihaliková / Bulletin of Geography. Socio-economic Series / 70 (2025): 113-124114

1. Introduction

Fees for the collection of municipal waste represent 
one type of economic instrument employed in 
environmental policy. Economic instruments have 
consistently played a significant role in policy 
because they help internalize externalities, mitigate 
harm and enhance quality of life (Ščasný et al., 
2009). Romančíková (2006) regards them as indirect 
tools because they stimulate polluters to alter their 
behavior. Likewise, Tetřevová, Rhys et al. (2024) 
indicate that economic instruments shape the 
behavior of businesses and consumers, encouraging 
them to revise decisions that might adversely affect 
the environment. The significance of economic 
incentives in boosting public participation in 
household waste separation is supported by authors 
who investigated the effects of economic and social 
instruments, concluding that economic tools are more 
effective (Xu et al., 2018). Miller et al. (2008) also 
contend that individuals’ decisions regarding waste 
separation are predominantly driven by economic 
considerations, such as costs, rather than societal 
or ecological values. Economic incentivization was 
found to be more attractive to participants with lower 
incomes and make them more active in performing 
waste separation (Xu et al., 2017).

When assessing the effectiveness of economic 
instruments, it is critical to evaluate their 
environmental impact, whether they have prompted 
behavioral changes among polluters, and whether 
they have reduced the production of mixed 
municipal waste. Jurušs and Brizga (2018) argue 
that environmental taxes and fees must be sufficiently 
high to effectively motivate individuals and society 
as a whole to achieve environmental improvements. 
Watkins et al. (2012) stress that fees serve as an 
effective economic stimulus – if set at an adequate 
level, they encourage individuals to rethink their 
behavior toward reducing mixed waste production 
and increasing waste sorting. Alongside waste sorting 
programs, they can be viewed as a mechanism 
to prevent recyclable materials from entering the 
waste stream (Han et al., 2018). Concurrently, it is 
worth noting that economic instruments, such as 
environmental taxes and fees, ensure reliable funding 
sources for environmental protection (Bulajic et al., 
2020), constitute a revenue stream for public budgets, 
and facilitate increased revenue for national budgets 
and local government budgets (Andersen et al., 
2011). 

Establishing fees is not a straightforward process 
and differs across countries and their regions. The 
more developed a country, the more refined its fee 
schemes tend to be (Alzamora & Barros, 2020). 

Figure 1 provides an overview of some of the main 
economic instruments used across the EU.

Fees are linked to mixed municipal waste, which 
is still predominantly disposed of via landfilling – the 
least preferable method in the waste management 
hierarchy. According to Bilitewski (2008), the primary 
methods for charging mixed municipal waste include:

•	 a fee system based on the volume of waste 
produced,

•	 a fee system based on the mass of waste 
produced,

•	 a flat fee system.

Pham (2023) categorizes fee systems into modern 
payment systems, which account for the actual 
amount of waste produced, and traditional systems, 
which do not. Given human tendencies toward self-
interest, financial incentives are necessary to promote 
reduced waste production (Hlavenka & Cvrčková, 
2015). Hence, it is vital to design the fee payment 
system effectively, incorporating greater precision, 
transparency and equity.

Setting fees requires consideration of multiple 
factors, including the application of the “polluter 
pays” principle, ensuring cost-effectiveness in waste 
management systems, and keeping fees for essential 
public services socially affordable (OECD, 2019).

A well-structured waste fee system based on 
the “pay-as-you-throw” principle could incentivize 
citizens to minimize waste, as their fee would 
correspond to their actual waste output (Valentovič, 
2010). 

Pay-As-You-Throw (PAYT) is a system that 
charges residents based on the amount of waste 
they generate, providing a financial incentive to 
reduce waste production and encourage better waste 
separation. As a policy initiative, PAYT aims to 
promote waste reduction and support the transition 
to a circular economy (Matteo & Guadagno, 2024).

Municipalities are primarily responsible for 
implementing waste management policies and 
applying PAYT at the local level. PAYT is an economic 
instrument that encourages more sustainable 
practices, such as reuse, waste minimization and 
recycling. The core principles of PAYT are based 
on three main components: user identification, 
measurement of waste generated, and the application 
of a specific (individualized) fee (CandamTECH, 
2023).

Many cities and towns around the world have 
implemented PAYT systems, and evidence shows 
that when households start paying directly for waste 
services, they tend to reduce the amount of waste 
they produce. For example, in the United States, 
towns in Massachusetts with PAYT systems generated 
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 Fig. 1. Key economic instruments for municipal waste management applied by EU Member States
Source: EEA, 2023

an average of 1,239 pounds of trash per household 
in 2020 – a 30% reduction compared to other towns 
(WEF, 2022). Similarly, in Sweden, municipalities 
using pay-by-weight schemes collected, on average, 
20% less household waste per capita in bins and bags 
compared to municipalities without such schemes 
(Dahlén & Lagerkvist, 2010). The implementation 
of PAYT in the Italian city of Ferrara not only led 
to a reduction in total waste generation but also 
resulted in significant cost savings in waste collection, 
transport and disposal (Rizzo & Secomandi, 2024).

Across the European Union, PAYT systems are 
widely used as an economic instrument, with most 
Member States having implemented some form of 
the system for at least part of their population.

2. Research materials and methods

This work stems from a content analysis of articles 
concerning municipal waste fees and the legislation 
regulating the waste charging system in Slovakia. Its 

aim is to ascertain the amount of mixed municipal 
waste produced, analyze the level and evolution of 
municipal waste fees, and determine the type of fee 
applied in Slovakia and its individual regions, for the 
years 2019 to 2023. Much of the data required for 
the analysis was not publicly accessible, so they were 
acquired through information requests under the 
Act on Free Access to Information. The data sources 
were the Statistical Office of the Slovak Republic, the 
Ministry of Finance of the Slovak Republic and the 
Environmental fund.

Data from the Statistical Office were derived 
from annual municipal waste reports, which each 
municipality must submit yearly for statistical 
purposes. Data from the Ministry of Finance 
were sourced from the Financial Statement on 
Revenues, Expenditures, and Financial Operations 
of Municipalities; budgetary and contributory 
organizations under municipal authority; and the 
Evaluation of Municipal and Regional Budget 
Management Outcomes. The data from the 
Environmental Fund concerned fees for landfilling 
municipal waste.
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Source: Author's own elaboration

Table 1. Data sources and accessibility of data

The data were gathered and analyzed at the NUTS 
2 and NUTS 3 levels, and the results are depicted 
graphically. An overview of data sources and methods 
of data collection is shown in Table 1.

3.	Research results

3.1. Legislation regulating the waste-charging 
system in Slovakia

Fees for municipal waste collection are typically set at 
the municipal level in most countries and form part 
of their regular revenue. In the Slovak Republic, this 
fee is designated as a local fee for municipal waste 
and minor construction waste and is regarded as a 
municipality’s own tax revenue (Koreňová, 2022). Its 
amount is stipulated in a generally binding municipal 
ordinance and is derived from the actual costs the 
municipality incurs in managing municipal waste. 

The fee’s collection is regulated by Act No. 
582/2004 Coll. on Local Taxes and the Local Fee for 

Municipal Waste and Minor Construction Waste, 
under which the fee covers:

•	 activities associated with handling mixed 
municipal waste,

•	 activities associated with handling 
biodegradable municipal waste,

•	 sorted collection of municipal waste 
components not subject to extended producer 
responsibility,

•	 costs arising from insufficient sorting 
of separately collected municipal waste 
components subject to extended producer 
responsibility,

•	 costs exceeding standard costs as defined by 
specific regulations,

•	 activities associated with handling minor 
construction waste, unless volume-based 
collection for such waste has been introduced 
in the municipality.

Municipalities may also incorporate into the 
fee the costs of a collection container for mixed 
municipal waste and the costs of supplying collection 
containers and composting bins for the sorted 
collection of municipal waste components not 
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covered by extended producer responsibility. The 
revenue from this fee constitutes municipal income 
and must be allocated exclusively to the collection, 
transport, recovery and disposal of municipal waste 
and minor construction waste.

Slovak legislation permits municipalities to select 
their preferred method of fee collection, delineating:

•	 a flat fee, calculated for individuals as the 
product of the fee rate and the number of 
calendar days and, for legal entities and 
entrepreneurs, as the product of the fee 
rate, the number of calendar days and an 
indicator of daily municipal waste production 
– essentially a fixed annual rate per resident.

•	 a fee for unweighed volume-based waste 
collection, calculated as the product of the 
fee rate, the frequency of collections and the 
volume of the collection container – often 
referred to as “token-based collection”.

•	 a fee for weighed volume-based waste 
collection, where citizens pay based on the 
waste they actually produce. This calculation 
is more intricate, requiring municipalities to 
maintain records of the actual weighed mass 
of municipal waste in kilograms. At the end of 
the tax period, the municipality aggregates all 
costs related to waste management activities 
and computes the actual costs per collection 
container as the product of the municipality’s 
unit costs for waste management and the 
actual weighed mass of municipal waste.

3.2. Analysis of municipal waste and municipal 
waste fees in Slovakia’s Regions

The analysis spans a five-year period, employing 
percentage share calculations and monitoring changes 
over time. The initial table outlines the evolution of 
municipal waste and associated fees across Slovakia 
(Table 2).

Over the observed period, the amount of 
municipal waste rose by 8% compared to the baseline 
year, peaking in 2021. Encouragingly, the amount 
of mixed municipal waste produced has declined 
annually (by 15% over the period), and its proportion 
within total municipal waste has also decreased. The 
local fee for municipal waste and minor construction 
waste surged by 42.68% over the observed period. A 
key contributor to this rise is the increasing fee for 
mixed municipal waste, partly driven by escalating 
landfill fees intended to reduce waste disposal in 
landfills and decrease the number of landfills in 
Slovakia.

The evolution of mixed municipal waste and the 
fees for municipal waste across Slovakia are illustrated 
in Figure 2.

The subsequent section examines the situation 
across Slovakia’s individual regions. Slovakia 
comprises eight self-governing regions, identified in 
graphs by abbreviations provided in Table 3.

Figure 3 depicts the amount of mixed municipal 
waste produced in Slovakia’s regions. The highest 
amounts are generated in the Bratislava and Nitra 
regions. Though not the most populous, these regions 
are among the most developed, drawing workers 
from other parts of Slovakia.

Focus then shifts to analyzing municipal waste 
fees across Slovakia’s regions. The value and structure 
of these fees in the last of the analyzed years are 
illustrated in Figure 4.

In the Bratislava region, the municipal waste fee 
substantially surpasses that of other regions and 
demonstrates a steady upward trajectory. However, 
relative to the baseline year, its increase was the 
smallest, at roughly 15%. The largest percentage 
increases from the baseline year occurred in the 
Prešov region (nearly 68%) and the Trnava region 
(63%).

The municipal waste fee may be applied as a flat 
fee, a volume-based fee, or a combination thereof, 
with the choice of charging system left to individual 

Source: Author's own elaboration based on data from Statistical Office of the Slovak republic, from Environmental fund and from Ministry of 
Finance of the Slovak Republic

Table 2. Evolution of municipal waste and associated fees across Slovakia
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Source: Author's own elaboration based on data from Statistical Office of the Slovak Republic

Table 3. Regions of Slovakia
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Fig. 2. Evolution of mixed municipal waste and associated fees across Slovakia
Source: Author's own elaboration based on data from Statistical Office of the Slovak Republic and from Ministry of 
Finance of the Slovak Republic

Fig. 3. Mixed municipal waste produced in Slovakia’s Regions (in tons)
Source: Author's own elaboration based on data from Statistical Office of the Slovak Republic
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Fig. 4. Fees for municipal waste produced in Slovakia's regions (euro)
Source: Author's own elaboration based on data from Statistical Office of the Slovak Republic

Fig. 5. Percentage of municipalities employing each fee type
Source: Author's own elaboration based on data from Statistical Office of the Slovak Republic
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municipalities. Figure 5 indicates the percentage of 
municipalities employing each fee type.

Slovakia encompasses 2,887 municipalities, 
over 83% of which still apply a flat fee for mixed 
municipal waste. This approach is most prevalent 
in eastern Slovakia, notably the Prešov region. 
However, a promising trend is the rising number 
of municipalities adopting volume-based fees, with 
the highest concentration in western Slovakia, 
particularly the Nitra region.

The analysis is augmented by data illustrating not 
only the number of municipalities using specific fee 
types but also the amount of municipal waste, in 
tons per year, subject to flat and volume-based fees 
(Fig. 6). 

Over the analyzed period, the amount of mixed 
municipal waste under a flat fee has decreased 
annually. The most pronounced declines relative 
to the baseline year occurred in the Košice region 
(33.4%) and the Bratislava region (just under 25%). 
Notably, in the Bratislava region, the amount of 
municipal waste charged via a volume-based fee 
rose most significantly, by 160% compared to 2019. 
The Nitra region follows, with an 80.9% increase in 
municipal waste charged under a volume-based fee.
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Source: Author's own elaboration based on data from EEA, 2023 (Country Profile)

Table 4. PAYT system in countries bordering Slovakia
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4. Discussion

An analysis conducted in Slovakia indicates that the 
local fee for municipal waste and small construction 
waste increased steadily over the observed period. 
The fee’s amount is determined by individual 
municipalities through generally binding ordinances 
and may be set as a flat fee or based on the amount of 
waste collected. In Slovakia, a substantial proportion 

 

of municipalities (over 83%) still employ flat fees for 
municipal waste. Although volume-based fees are on 
the rise, they remain limited, being implemented by 
only about 10% of municipalities, and in Slovakia, 
these are typically unweighed volume-based fees 
calculated as the product of the fee rate, collection 
frequency and container volume. Table 4 presents 
how the PAYT system is used in countries bordering 
Slovakia.
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International experience with the implementation 
of PAYT indicates a reduction in mixed municipal 
waste (MMW), as demonstrated by studies conducted 
by various authors (e.g., Kinnaman & Fullerton, 2000; 
Rizzo & Secomandi, 2020; Slučiaková, 2021; Morlok 
et al., 2017; Slávik 2018; Lewandowska & Szymańska, 
2019).

For fees to reflect weighed volume-based 
collection, modern infrastructure and information 
technology, such as waste collection vehicles or 
containers equipped with weighing devices, sensors, 
QR codes and similar tools, are essential. When 
waste amounts are assessed for multiple households 
(e.g., in apartment buildings), a suitable system for 
allocating waste mass or fees to individual households 
is required.

In this regard, the potential of artificial intelligence 
merits attention. Artificial intelligence enhances the 
efficiency of municipal waste management in urban 
settings by streamlining both collection and sorting 
processes. AI leverages various tools to, for example, 
develop and deploy smart bins, utilize robots for waste 
sorting, monitor waste conditions via sensors, and 
optimize waste transport within waste management 
(Szymańska, 2023: 116-120). During the collection 
phase, AI enables dynamic route optimization by 
predicting container fill levels using sensor data 
combined with machine learning algorithms. A study 
conducted by Ogbolumani and Adekoya (2025) 
reported a 35% reduction in collection frequency, a 
42% decrease in fuel consumption, and a daily time 
saving of 2.4 hours on a university campus. Fang 
et al. (2023) report that AI in waste logistics can 
reduce transport distances by up to 36.8%, cut costs 
by 13.35%, and save time by 28.22%. They also note 
that AI can identify and sort waste with accuracy 
ranging from 72.8% to 99.95%. Municipalities can 
benefit significantly from sensors or high-frequency 
identification chips, which enable the reading and 
recording of waste data from containers. 
Monitored containers facilitate measuring fill levels 
and actual mass when equipped with weighing 
devices. Bareková et al. (2011) outline two approaches 
to waste collection and weighing technology:
1.	 Weighing waste deposited into a shared container 

serving multiple producers. This involves 
containers with integrated weighing devices 
featuring a contactless identification card reader, 
a display showing the mass of discarded waste, 
and a device for recording and transmitting 
data to a control center. Each household, as a 
waste producer, possesses an identification card 
authorizing use of the weighing container and 
displaying the amount of waste discarded. This 

approach is particularly feasible for containers in 
housing estates.

2.	 Weighing a full waste container during its 
emptying into a collection vehicle. Here, each 
mixed waste container is fitted with an electronic 
chip. The collection vehicle features an automatic 
reader and weighing device that precisely weighs 
the waste during unloading and identifies the 
producer via chip data. This system is primarily 
applied to private containers at family homes 
(Eko-Centrum, 2015).

Following weighing, the collected data must be 
transmitted via wireless communication infrastructure 
to an advanced system for processing and analysis. 
Such a system equips municipalities with detailed 
insights into waste production in their jurisdiction, 
enabling optimization of collection frequency and 
container size, as well as fairer fee levels for citizens 
(Municipal Waste Fees Have Increased, 2023). 

The calculation of waste fees can be supported 
by smart containers. Smart containers are at various 
stages of technological readiness, and a study by Shan 
et al. (2024) showed that the highest levels of readiness 
are found in China, Denmark and France. In Japan as 
well, smart containers are gaining increasing attention 
and public preference. This is evidenced by a survey 
in which respondents identified smart containers as 
the most suitable method for implementing PAYT 
systems (Shan et al., 2024).

Literature also indicates that embedded sensors 
and real-time data collection and analysis encourage 
sustainable behavior among citizens (Esmaeilian 
et al., 2018), while municipalities employing AI 
reduce costs, enhance safety and lessen negative 
environmental impacts (Fang et al., 2023).

5. Conclusions

In order to comply with European legislation and 
strategies – such as the European Green Deal, the 
Waste Framework Directive, and the Sustainable 
Development Goals – municipalities must adopt 
strategic, targeted approaches to ensure effective 
waste management.

Fees for municipal waste collection constitute 
an effective economic tool that motivates the public 
to reduce the amount of mixed municipal waste. A 
more equitable system emerges with the application 
of volume-based fees adhering to the “pay-as-you-
throw” model. In Slovakia, this system remains 
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underdeveloped. The analysis revealed that only 
about 10% of municipalities implement volume-
based fees, which are largely based on container 
volume rather than weighed waste mass. Positively, 
the amount of mixed municipal waste is decreasing, 
even with an annually rising flat fee. The fee value 
hinges on the municipality’s waste management 
costs, waste sorting levels and the amount of waste 
disposed of in landfills. Nonetheless, the municipal 
waste fee remains an inadequate funding source 
for municipalities to fully cover waste management 
processes, necessitating co-financing from their own 
resources.

A limitation of this study is that the analysis 
of fees related to municipal waste production was 
conducted solely within Slovakia. Future research 
could be strengthened by incorporating comparative 
analyses with other countries. It is important to note 
that the study was based on data from municipal 
reports submitted to the Statistical Office, which are 
not publicly accessible. Research relying on statistical 
data may face limitations concerning data availability 
and inconsistent reporting practices across countries. 
In forthcoming studies, we intend to examine fee 
systems in countries bordering Slovakia.

In this contribution, we focused on PAYT systems, 
which are considered an important tool for waste 
reduction at the municipal level, as highlighted by 
many authors. The implementation of PAYT schemes 
aspires towards more responsible environmental 
behaviors, since they directly and continuously 
confront users with the amount of waste they generate 
(Xevgenos et al., 2015). However, the implementation 
of PAYT systems may also face certain limitations, 
which:

1.	 are related to high initial costs and the time-
consuming nature of implementing smart 
waste management devices, as well as the 
provision of necessary infrastructure, including 
software systems for data management and 
monitoring (e.g., in the implementation of 
Smart Trash Cans [Tenviro, 2024]);

2.	 stem from concerns about increased waste 
tourism, illegal dumping, or contamination 
of sorted waste; based on experiences in 
some countries, these concerns have not 
been conclusively confirmed (e.g., in Italy 
according to Colussi et al. [2022] or in 
Germany according to Morlok et al. [2017]);

3.	 may be associated with insufficient public 
communication; the study by Ghazaryan et al. 
(2025) shows that communication explaining 
the transition to the PAYT system increases 
public acceptance.
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