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Abstract: In a context of rapid technological change, the introduction of smart waste containers
represents an innovative approach to improving the efficiency and sustainability of urban waste
management. This study analyzes the behavioral adaptation of the population in Tecuci
Municipality, Galati County, to the implementation of smart containers with controlled access,
aligned with the objectives of the Integrated Waste Management System (SMID Galati).
Quantitative data were collected through continuous monitoring of filling levels, collection
frequency, and volumes by waste fraction, supplemented by qualitative observations regarding
user compliance and misuse. Results indicate an initial transitional period marked by mixed
behaviors, with gradual adoption correlating with the phased withdrawal of traditional containers.
While selective collection rates improved and operational efficiency increased through route
optimization, challenges persisted, including improper disposal when containers reached capacity
and exclusion of certain waste generators such as commercial entities. These findings underline
the dual impact of technological infrastructure and user behavior on system performance. The
study concludes that achieving sustainable efficiency requires not only advanced collection
technologies but also regulatory adjustments, targeted capacity allocation, and continuous public
engagement to address behavioral and structural gaps. Recent research emphasizes the
transformative role of AI and IoT in modern waste management, enabling smarter collection,
sorting, and recycling processes (Lakhouit et all, 2025).

1. Introduction

Urban waste management has become a major challenge for public administrations
worldwide, driven by continuous population growth, accelerated urbanization, and
changes in consumption patterns. These dynamics have led to a significant increase in
the volume of waste generated per capita, placing substantial pressure on existing
collection, transport, and disposal systems. Conventional waste management

infrastructures often struggle to adapt to fluctuating waste generation rates and to
meet the objectives of environmental protection, resource efficiency, and circular
economy principles. Consequently, the development of smart city infrastructures has
emerged as a promising pathway for enhancing operational efficiency, reducing
environmental impact, and supporting sustainable urban development (Khan et al.,
2024).
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In this context, smart waste management systems—based on IoT-enabled
containers equipped with fill-level sensors, real-time monitoring capabilities, and access-
control mechanisms—offer scalable and innovative solutions for improving selective
waste collection. These technologies allow for the systematic collection of real-time data
regarding container fill levels, usage frequency, and waste typology, which can be
integrated into digital platforms for optimized route planning and dynamic resource
allocation. IoT-assisted waste collection has demonstrated the potential to reduce
unnecessary trips, lower fuel consumption, and decrease transport-related emissions
(Hoque et al., 2024; Sah, 2025). The integration of Al-driven predictive models further
enhances performance by enabling accurate forecasting of container fill levels and the
optimization of collection schedules (Sah, 2025; Lakhouit, 2025).

However, research shows that the success of these technological innovations
depends not only on their technical reliability but also on user behavior and public
acceptance. Issues such as improper waste fractioning, illegal dumping near collection
points, and reluctance to adopt new disposal practices often undermine the operational
benefits of smart systems (Cheema et al., 2022; Archip et al., 2023). As a result,
behavioral factors must be approached systematically to ensure that technological
solutions effectively support selective collection performance and circularity objectives
(Lakhouit, 2025., Hernandez-Romero et al., 2024; Aloui et al., 2023; Mihai et al., 2024;
Mihai, 2025).

Tecuci Municipality, located in Galati County, holds a strategic position within the
county’s Integrated Waste Management System (SMID Galati), benefiting from an
established collection infrastructure and close proximity to the only compliant landfill in
the region (Planul Judetean de Gestionare a Deseurilor, 2021). This positioning offers
favorable conditions for the implementation of smart container systems and creates
opportunities for integration with county-wide waste management strategies.
Introducing smart containers at the local level is therefore not an isolated modernization
effort but a critical step toward harmonizing local operations with the regional SMID
framework.

The present study aims to analyze the adaptation process of Tecuci residents to the
implementation of smart containers, evaluate the operational efficiency resulting from
their deployment, and identify persistent behavioral and infrastructural barriers. The
analysis integrates real-time sensor data from selective collection points, direct field
observations, and information from the IT systems of the local operator and public
authorities. The outcomes will provide a rigorous assessment of system performance
and inform strategic decisions regarding the expansion of smart waste collection across
Galati County. Furthermore, the adaptability of smart container infrastructures to
emerging technologies such as Artificial Intelligence (Al), the Internet of Things (IoT),
and advanced data analytics highlights their potential to significantly improve waste
management efficiency and contribute to regional sustainability objectives (Ali et al.,
2020; Acharya et al., 2022).
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2. Materials and methods

The study was conducted in the municipality of Tecuci (Galati County), where a
network of 30 collection points equipped with smart containers is operational. These
containers are designated for the five main waste fractions: paper/cardboard, plastic and
metal, glass, biodegradable waste, and residual waste. The infrastructure is fully
digitalized, with each container equipped with an electronic access system, fill-level
sensors, automatic locking mechanisms, and modules for real-time data transmission to
the digital platforms of Tecuci City Hall and SC CUP Tecuci SRL. This technical
architecture enables not only continuous monitoring of fill levels but also the tracking of
ser behaviour and operational efficiency (Ilse Maria Hernandez-Romero, et all, 2024).

The system was implemented in two distinct stages, designed to ensure a controlled
transition from the traditional model to a fully digitalized one.

(1) The adaptation stage (February-March) represented the accommodation phase,
during which traditional containers operated simultaneously with the smart ones. In this
period, users were registered, received access cards, and were informed about the new
selective collection system. This stage allowed for equipment calibration and the
identification of any technical or behavioural malfunctions.

(2) The full operational stage (April-May) marked the complete transition to smart
containers, creating a uniform and standardized monitoring environment. During this
period, it became possible to consistently record volumes, collection frequencies, and
operational incidents for all waste fractions.

Although the monitoring system covered all 30 collection points, the detailed
analysis focused on a single point considered representative for the entire network. Its
selection was based on three main criteria: central location in a highly accessible area,
the presence of a constant and diversified user flow, and the full availability of
uninterrupted datasets. Choosing a representative point allowed for an in-depth analysis
while avoiding major contextual variations among the different neighbourhoods of the
municipality (Komane, B., 2023).

The indicators used in the analysis included: daily fill level (m3) for each fraction,
collection frequency, contamination incidents, types of operational interventions
(maintenance, unlocking, technical adjustments), and usage patterns derived from card-
based user access. The datasets were processed in tabular form and visually represented
through graphs (daily maximum fill-level curves) and heatmaps capturing temporal
variations in fill levels. The analysis was descriptive in nature and aimed to identify
seasonal fluctuations, recurring behavioural patterns, and potential inefficiencies in the
operation of the system.

Tecuci Municipality is located in the north-western part of Galati County, functioning
as a secondary urban center within the regional waste management network coordinated
by the Integrated Waste Management System (SMID Galati). Its strategic position along
key road connections facilitates the transportation of collected waste to transfer stations
and treatment facilities within the county.

During the monitoring period, a total of 30 collection points were included in the
study, each equipped with smart containers designed for selective waste collection.
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Every point hosted separate containers for five main waste fractions: paper, plastic and
metal, glass, biodegradable waste, and residual waste. The containers operate with
controlled electronic access, which restricts unauthorized disposal and allows for
accurate tracking of user behavior.

The spatial distribution of these collection points reflects both residential density and
service accessibility, ensuring that all major neighborhoods are covered by the smart
waste collection system. The geographical layout of the monitored points, is illustrated
in Figure 1 and Figure 2.
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Figure 1. Geographic distribution of the 30 monitored collection points in Tecuci
Municipality.

The transition to the smart waste collection system in Tecuci Municipality was carried
out in two main phases, ensuring a gradual adaptation of both infrastructure and user
behavior.

The chronological stages of implementation, along with key operational milestones,
are summarized in Table 1 and Figure 3,4,5,6,7,8,9,10.

Figure 2. Location of Collection Point 1 and its Service Area
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2.1 Implementation phases

The transition to the smart waste collection system in Tecuci Municipality was carried
out in two distinct phases, designed to allow both infrastructure adjustments and user
behavior adaptation. This gradual approach aimed to minimize service disruptions and
resistance to change, while preparing the community for full adoption of the new system
(Khosravani, 2023).

Phase 1 - Adaptation stage (February—March)
e Gradual removal of traditional open-access containers, following a planned schedule to
avoid service interruptions.
¢ Installation of smart containers equipped with controlled electronic access, each fitted
with sensors to measure fill levels and record data in real time.
e Parallel use of both smart containers and existing traditional containers, ensuring
service continuity and allowing residents to familiarize themselves with the new
technology.
e Distribution of individual electronic access cards assigned to each user or household,
enabling access control and monitoring of waste disposal behavior.
e Organization of public awareness and training campaigns, including the distribution of
explanatory materials, posters at collection points, and presentations within
homeowners’ associations.

Phase 2 - Full operational stage (April-May)
e Exclusive use of smart containers at all 30 monitored collection points in the
municipality, with complete removal of traditional containers.
e Implementation of a standardized daily data collection system for all waste fractions,
ensuring comparability of indicators between points.
e Continuous monitoring of fill levels to optimize collection routes and reduce
unnecessary transport.
e Recording and analysis of contamination incidents for each fraction, aimed at
identifying recurring problems and targeting educational actions in high non-compliance
areas.
e Adjustment of collection logistics based on data insights, enabling cost reductions and
improved operational efficiency.

The chronological stages of implementation, along with key operational milestones,
are illustrated in Figure 2.

2.2. Monitored indicators
The performance evaluation of the smart waste collection system was based on a set of
operational and behavioral indicators recorded throughout the monitoring period. These
indicators were selected to capture both the technical functionality of the system and
the patterns of user adaptation.

Although the smart waste collection network included 30 collection points across
Tecuci Municipality, the detailed quantitative dataset presented in this study was
obtained from a single representative collection point. This location was chosen for its
central position, consistent user flow, and accessibility for continuous monitoring. The
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insights derived from this point are intended to serve as a reference model for
understanding system performance at a larger scale (Andronache, S et all, 1999)

The main monitored indicators included:
e Daily fill level for each waste fraction (paper, plastic & metal, glass, biodegradable
waste, and residual waste).
¢ Collection frequency for each container type, enabling calculation of average fill time.
¢ Incidents of contamination within each fraction, recorded and classified by severity.
e Operational interventions such as container maintenance or access control resets.
e User behavior patterns based on access card usage data, indicating frequency and
timing of disposals.

A summary of the monitored fractions, container capacities, and collection
frequencies for the representative collection point is presented in Table 1.

Data were collected using the monitoring software operated by Tecuci Municipality
and SC CUP Tecuci SRL.

3. Results

This section provides a comprehensive overview of the findings obtained from the
monitoring of the representative collection point equipped with smart containers. All
figures, tables, and diagrams referenced in the results are included here in the order in
which they are first cited in the main text. Each visual element is accompanied by a
concise caption describing its content, while detailed explanations, contextualization, and
interpretation are provided in the corresponding analytical sections (Choochote, P, et all,
2025).

The presentation of results is structured to reflect the key aspects of system
performance, including daily fill-level dynamics for each waste fraction, collection
frequency, contamination incidents, operational interventions, and user access patterns.
By integrating quantitative measurements from sensors, card-based access logs, and
operational records, this section provides a clear and systematic understanding of both
the technical performance of the smart container system and the human interactions
with it. The analyses presented here form the empirical basis for subsequent discussion,
enabling the identification of operational trends, evaluation of efficiency, and assessment
of the overall impact of smart container implementation on waste management practices
in the municipality of Tecuci (Marseglia, et al., 2022).

Each collection point in the network is equipped with dedicated containers for five
waste fractions: paper, plastic and metal, glass, biodegradable waste, and residual
waste. In order to support spatial interpretation of the monitoring network, maps are
provided indicating the location of each collection point, as well as main roads and
neighborhood boundaries. These visual aids facilitate the analysis of user behavior and
collection patterns in relation to urban geography, highlighting potential spatial
differences in usage and performance across the municipality (Nourani et al., 2025).

This section aims to present the results in a structured and accessible manner,
linking quantitative data to operational and behavioral insights. It establishes a
foundation for understanding how smart container systems function in a real urban
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context and provides a reference for improving waste management strategies in similar
municipalities.

Table 1 presents the daily quantities of waste recorded for each fraction — paper,
plastic and metal, glass, biodegradable waste, and residual waste — monitored at
Collection Point 1 during the period from 1 to 28 February 2025. In addition to the
absolute quantities, the table includes the corresponding fill levels for each day, which
serve as a key indicator for evaluating both user behavior and the efficiency of collection
operations. This detailed daily record allows for the identification of patterns in waste
generation, the assessment of peak usage periods, and the detection of potential
inefficiencies in the collection schedule. By providing a comprehensive overview of the
monitored data, Table 1 establishes the foundation for subsequent analyses of
operational performance and user interaction with the smart container system.

Table 1. Daily quantities of waste recorded for each fraction in the containers at
Collection Point 1 (1-28 February 2025).

1 0 0.367 0 0 0
2 0 0.367 0 0.2 0
3 0 0.401 0 0.25 0.112
4 0 0.401 0.03 0.312 0.119
5 0.09 0.415 0.1 0.4 0.256
6 0.19 0.45 0.1 0.429 0.365
7 0.37 0.501 0.106 0.436 0.365
8 0.37 0.509 0.109 0.497 0.401
9 0.55 0.551 0.2 0.521 0.521

10 0.15 0.621 0.2 0.621
11 0.255 0.621 0.206 0.735
12 0.9 0.655 0.3 0.929 0.812
13 0.999 0.699 0.305 0.915

14 0.219 0.375 0.012
15 0.3 0.732 0.375 0.121 0.099
16 0.596 0.8 0.4 0.365 0.123
17 0.596 0.915 0.425 0.365 0.366
18 0.429 0.498 0.366
0 0.499 0.632 0.429

0.06 0.512 0.699
0.109 0.566 0.726
22 1.1 0.156 0.601 0.801 0.956

23 0.1 0.215 0.633

24 0.099 0.241 0.721 0.005 0.01
25 0.156 0.3 0.23 0.136
26 0.365 0.379 0.863 0.331 0.236
27 0.365 0.411 0.901 0.431 0.312
28 0.452 0.914 d 0.596 0.356
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Figure 3 illustrates the temporal evolution of daily peak fill levels for all monitored
waste fractions at Collection Point 1 over the 28-day observation period. Distinct
accumulation patterns are evident across fractions, reflecting differences in waste
generation rates as well as collection scheduling. The paper and plastic-and-metal
fractions display pronounced cyclical peaks followed by sharp decreases, indicating
regular emptying events triggered near predefined capacity thresholds.

In contrast, the glass fraction exhibits a slower and more gradual increase in fill
level, suggesting lower disposal frequency and a reduced need for frequent collection.
Biodegradable and residual waste fractions show higher variability, with rapid
accumulation over short time intervals and abrupt decreases, pointing to intensified daily
use and more frequent operational interventions.

On several days, multiple fractions approach or slightly exceed nominal capacity,
highlighting periods of increased pressure on the system. Overall, the figure
demonstrates differentiated user behavior and distinct operational dynamics among
waste fractions, supporting the need for fraction-specific collection strategies rather than
a uniform scheduling approach.
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Figure 3. Peak fill levels for each waste fraction recorded daily at Collection Point 1
(February 2025).

Figure 4 presents a heatmap illustrating the daily variation in container fill levels for
the monitored waste fractions at Collection Point 1 throughout February 2025. Color
intensity represents the recorded volume (m3) for each fraction, with darker shades
indicating higher levels of container utilization.

The visualization reveals distinct temporal patterns and clear differences among
waste types. Plastic and metal, biodegradable, and residual waste frequently reach
higher fill levels, indicating rapid accumulation and sustained pressure on container
capacity. In contrast, the glass fraction is characterized by lower fill levels during most
of the observation period, suggesting slower accumulation rates. The paper fraction
shows an intermediate pattern, with clearly defined peak days followed by reductions
associated with collection operations.

The heatmap provides a concise visual summary of daily fill-level dynamics and
differing operational behaviors across waste fractions, complementing the analysis of
daily peak fill levels presented earlier.
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Figure 5 illustrates the daily peak fill levels for all monitored waste fractions at
Collection Point 1 throughout March 2025. The data reveal clear temporal patterns over
the observation period, with recurring fluctuations and distinct peak events, particularly
for biodegradable and residual waste, indicating periods of increased waste generation
and intensified container use.

Heatmap (February 2025)
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Figure 4. Heatmap for the daily variation in container fill levels for five waste fractions
I February 2025).

Paper, plastic and metal, and glass fractions also display cyclical patterns,
characterized by gradual increases in fill levels followed by sharp decreases associated
with collection operations. These patterns reflect both collection frequency and user
disposal behavior. In comparison, the glass fraction shows a more moderate
accumulation pattern, while paper and plastic and metal exhibit intermediate patterns
with regularly recurring peaks.

Overall, the figure highlights dynamic patterns in waste generation and collection
processes at the monitored point, underscoring the importance of adaptive, fraction-
specific collection strategies to effectively manage variations in fill levels over time.
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Figure 5. Daily peak fill levels recorded for each waste fraction at Collection Point 1
during March 2025.

Figure 6 presents a heatmap of daily waste volumes recorded during March 2025 for
each monitored waste fraction. Color intensity reflects container fill levels (m3), with
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darker shades corresponding to higher volumes approaching or exceeding the 1 m3
threshold, while lighter shades indicate lower recorded volumes.

The visualization highlights distinct temporal patterns among the waste fractions.
Paper and residual waste exhibit pronounced peaks during the first and last weeks of the
month, indicating periods of intensified accumulation and increased pressure on
container capacity. In contrast, glass and biodegradable waste display more irregular
patterns, with significant fill levels occurring primarily in the middle of the month.

Heatmap provides a concise overview of the temporal distribution of waste volumes

and differing usage patterns across waste fractions during the analyzed period.
Heatmap (March 2025)
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Figure 6. Heatmap for the daily variation in container fill levels for five waste fraction in

March 2025 for each waste fraction

Figure 7 illustrates the daily maximum fill levels recorded for all monitored waste
fractions during April 2025. The data show a high frequency of maximum values,
approaching or reaching the 1 m3 threshold, across nearly all fractions throughout the
observation period.

Daily trends are characterized by strong and rapid fluctuations, with no clear
temporal regularity, in contrast to the more structured behavior observed in previous
months. The frequent alternation between high fill levels and abrupt decreases indicates
an intense and irregular use of the collection point, with accumulation events occurring
on an almost daily basis.

The absence of temporal regularity may be associated with significant variability in
user disposal behavior, as well as contextual factors specific to the analyzed period, such
as seasonal cleaning activities or temporary changes in waste generation volumes. The
figure highlights a phase of elevated operational pressure and increased unpredictability
in container fill dynamics.

Figure 8 presents a heatmap illustrating the daily container fill volumes recorded
during April 2025 for each monitored waste fraction. Darker red shades indicate days
when containers reached or approached their maximum capacity, while lighter shades
represent lower fill levels.

Most waste fractions display consistently high fill levels throughout the month,
particularly paper, plastic and metal, and residual waste. This distribution indicates
intensive and sustained use of the collection point, resulting in continuous operational
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pressure on container capacity. In contrast, the glass fraction shows greater variability,
with several days characterized by moderate to low accumulation levels.
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Figure 7. Daily peak fill levels recorded for each waste fraction at Collection Point 1
during April 2025.

Taken together, the heatmap confirms the high intensity of waste disposal activity
during April 2025 and highlights distinct differences among waste fractions in terms of
fill-level consistency and accumulation dynamics.

Heatmap (April 2025)
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Figure 8. Heatmap for the daily variation in container fill levels for five waste fractions in
April 2025 for each waste fraction

Figure 9 illustrates the peak fill levels recorded throughout May 2025 for the five
analyzed waste fractions. The graph shows that most fractions maintained consistently
high fill volumes, frequently approaching or reaching the container capacity limit of 1-
1.2 m3,

Paper, biodegradable waste, and residual waste exhibit almost continuous maximum
or near-maximum fill levels, indicating sustained pressure on collection capacity
throughout the month. In contrast, the glass fraction shows occasional decreases in fill
level, suggesting slightly lower generation rates or more effective collection on specific
days. Plastic and metal waste also display minor fluctuations, but overall fill levels remain
predominantly high across the analyzed period.
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The figure highlights an intensive and sustained use of the collection point during
May 2025, characterized by high container occupancy across nearly all waste fractions.
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Figure 9. Daily peak fill levels recorded for each waste fraction at Collection Point 1
during May 2025.

Figure 10 presents a heatmap for May 2025, showing a consistently high container
occupancy rate across all analyzed waste fractions. For most days of the month, fill levels
are close to or reach the maximum container capacity (1-1.1 m3), indicating peak
demand on the collection system throughout the period.

Residual and biodegradable waste fractions stand out by maintaining high fill levels
over extended intervals, reflecting sustained pressure on collection capacity. In contrast,
the glass fraction exhibits occasional decreases in fill level, while smaller fluctuations are
also observed for paper and plastic and metal, suggesting intermittent variations in
disposal rates for these fractions.

From an operational standpoint, the data highlight the need for a frequent and well-

synchronized collection schedule during May 2025 to prevent overflow incidents and

ensure continued operational efficiency of the waste collection system.
Heatmap (May 2025)
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4. Discussion

The monitoring of the 30 selective waste collection points in Tecuci over several
consecutive months provides a comprehensive overview of both technical performance
and user behavior in the context of implementing smart waste containers. The collected
data reveal clear patterns in filling rates, with certain waste fractions — notably
biodegradable and residual waste — consistently reaching higher occupancy levels more
rapidly than others. This behavior aligns with previous studies (Ampong et al., 2024),
which confirm that organic and residual waste tend to dominate the municipal waste
stream, especially in residential areas with mixed housing (Hlimoradiyan et al., 2025).

The temporal distribution of peaks in container occupancy, particularly the recurrent
surges during weekends and immediately after public holidays, suggests a strong link to
household consumption and disposal cycles. These observations are consistent with
findings reported by (Leal Filho et al., 2016), where waste generation patterns were
heavily influenced by social and cultural habits. In our case, the integration of smart
containers provided not only real-time monitoring capabilities but also valuable insights
into behavioral rhythms that can inform future adjustments to collection schedules.

An important observation is that during the initial stage of implementation, legacy
(traditional) containers remained in use alongside the smart units. This parallel operation
likely impacted user behavior by maintaining existing disposal habits and reducing the
immediate transition pressure towards the new system. Studies such as (Kladnik et al.,
2025) have shown that when multiple disposal options coexist, users may gravitate
towards the most familiar, even if less efficient, option. In the Tecuci case, this factor
should be considered when interpreting performance differences between the early and
later stages of data collection (Khosravani et al., 2023).

From a fraction-specific perspective, the consistently lower filling rates for paper and
glass, compared to biodegradable and residual waste, may be attributed to a
combination of factors: limited public awareness of the importance of recycling these
materials, logistical aspects related to packaging size and weight, and possible
inconsistencies in public communication about proper sorting rules. This observation
mirrors the findings of Alimoradiyan et al. (2025), who showed that differences in socio-
economic context and infrastructure can lead to underperformance of certain waste
fractions unless complemented by targeted educational and operational interventions.

In practical terms, the results indicate that smart containers significantly enhance
the operational management of waste collection, particularly when integrated with route
optimization software and responsive scheduling. The ability to track filling rates in real
time enables the waste management operator (in this case, SC CUP Tecuci SRL) to adapt
collection frequency to actual demand, thereby avoiding both overflow situations and
unnecessary collection trips. However, as evidenced by the data, technology alone does
not guarantee behavioral change — complementary strategies, including the removal of
redundant infrastructure and targeted awareness campaigns, remain essential
(Hernandez-Romero et al., 2024).
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4.1. Limitations

While this study offers valuable insights, several limitations must be acknowledged.
Firstly, the geographical scope was restricted to a single municipality, which limits the
generalizability of the results to other regions with different cultural, demographic, or
infrastructural conditions. Secondly, the co-existence of legacy containers during the
early phase introduced a variable that cannot be fully isolated in the analysis, potentially
skewing comparative interpretations. Thirdly, the study focused primarily on volumetric
filling data, without directly quantifying contamination levels or the quality of sorting
within each fraction. Such qualitative assessments could further refine the understanding
of user compliance and system effectiveness. External factors — such as seasonal
variation, weather conditions, and socio-economic changes — were not explicitly
measured, although they may have influenced waste generation and disposal behaviors
(Alimoradiyan et al., 2025).

4.2, Implications for Practice

The findings from this research provide actionable recommendations for
municipalities and waste management companies considering or currently deploying
smart waste collection systems. Firstly, real-time data from smart containers should be
fully integrated into route planning algorithms to ensure that collection is demand-driven
rather than fixed-schedule-based. This approach can reduce operational costs, minimize
fuel consumption, and lower greenhouse gas emissions. Secondly, the phased removal
of legacy containers is strongly advised to prevent user confusion and accelerate
adoption of the new system. Thirdly, public education must be continuous and
strategically targeted — campaigns should not only inform residents of proper sorting
practices but also clearly communicate the benefits of using the smart system,
particularly for underperforming fractions like paper and glass (Aloui et al., 2023).

Moreover, the collected data can serve as a valuable feedback tool for both operators
and policymakers, enabling the identification of problem areas (e.g., low participation
points, recurrent contamination) and the implementation of localized interventions. In
the broader context of sustainable urban waste management, the Tecuci case
demonstrates that technological innovation, combined with behavioral insights and
policy support, can significantly improve the efficiency and environmental performance
of waste collection services. Decentralized waste-to-compost systems can further reduce
the environmental footprint compared to traditional landfill-based methods, representing
a valuable complement to modern waste management strategies (Ashraf et al., 2025).

Furthermore, the intelligent container system implemented in Tecuci is planned to
be fully integrated into the Integrated Waste Management System of Galati County
(SMID Galati). The results of this study will directly support the large-scale
implementation of SMID, specifically at the county level, by providing operational
benchmarks, behavioral insights, and data-driven recommendations that can be
replicated in other municipalities. This integration will ensure harmonized operational
data, coordinated collection routes, and comprehensive waste flow monitoring across
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Galati County, enabling optimized resource allocation, improved efficiency, and full
compliance with regional waste management objectives (Ghahramani, 2022).

5. Conclusions

The analysis of data collected from the 30 smart container collection points in Tecuci
revealed clear trends regarding fill levels, collection frequency, and user behavior. The
results indicate that residual and biodegradable waste consistently reached the highest
fill rates, whereas paper and glass recorded lower values, suggesting both differences in
selective collection habits and potential gaps in public awareness (Somplak and Pluskal,
2025).

Daily monitoring allowed for the identification of recurring “peak fill” moments,
particularly following weekends and certain local events. These peaks highlight the need
for dynamically adjusting collection routes and frequencies to prevent container
overflows and avoid illegal waste dumping around collection points. Smart waste
management strategies must be embedded within broader socio-economic and policy
frameworks to ensure their effectiveness and equity. The chapter Smart Waste
Management argues that without aligning technological advances with supportive
governance and inclusive economic models, their potential impact may remain limited
(Brahim and Lahiani, 2025; Hoque et al., 2024).

The use of smart containers generated significant advantages, including optimized
collection routes, reduced unnecessary trips, lower operational costs, and increased
efficiency in resource utilization. However, the simultaneous presence of traditional
containers during the initial phase negatively influenced the behavior of some users,
underlining the importance of a complete transition to the smart infrastructure to fully
reap the system’s benefits. Sustainable waste management practices in the Romanian
literature emphasize the importance of combined approaches that integrate logistical
optimization with legislative frameworks aligned to EU accession (Gogoncea, 2012).

This study provides a solid foundation for scaling the system to the entire Galati
County through full integration into the Integrated Waste Management System (SMID
Galati). Large-scale implementation, based on the data and conclusions presented, can
ensure more efficient waste collection, significantly reduce costs, and increase recycling
rates, while supporting the achievement of national and European environmental targets
(Alimoradiyan et al., 2025).
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Appendix

Table 3. Quantity of waste recorded in the containers at Collection Point 1 and their fill

level, by day (1-31 March).

1 | o0.818 0.123 0.221 0.325 0.655
2 | 0.896 0.199 0.369 0.523 0.699
3 | 0.915 0.265 0.699
a4 | 0.969 0.311 0.865 0.749
5 | 1.016 0.421 0.999 0.815

I! 0.499 0.203 0.888
7 | 0.099 0.563 0.299 0.26 0.923
8 | 0.134 0.611 0.377 0.498 0.979
9 | o0.211
10 | 0.298 0.803 0.453 0.855 0.099
11 | 0.316 0.901 0.623 0.915 0.169
12 | 0.359 0.256
13 | 0.399 0.099 0.796 0.1 0.312
14 | 0.429 0.154 0.954 0.456 0.369
15 | 0.499 0.265 0.599 0.427
16 | 0.536 0.369 0.099 0.487
17 | 0.597 0.498 0.365 0.987 0.523
18 | 0.635 0.512 0.514 0.611
19 | 0.687 0.269 0.685
20 0.799 0.869
21 | 0.801 0.888 0.969 0.984 0.791
22 | 0.915 0.945 0.836
23 | 0.999 0.098 0.156 0.936
24 0.088 0.125 0.401
25 | 0.112 0.156 0.216 0.659 0.121
26 | 0.212 0.256 0.298 0.222
27 | 0.239 0.365 0.315 0.901 0.269
28 | 0.369 0.399 0.412 0.999 0.412
29 | 0.412 0.465 0.469 ﬁ 0.498
30 | 0.536 0.601 0.537 0.254 0.569
31 | 0.69 0.699 0.713 0.315 0.479

20
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Table 4. Quantity of waste recorded in the containers at Collection Point 1 and their fill
level, by day (1-30 April).

Paper Plastic and Biodegradable Residual waste
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(m3) metal (m3) waste (m3) (m3)

s \
T

\
oz \

0.326 |

o 5o EE \

0.297 | 0.369 0.355

0729 | 0753 | o035 |1 | o078 |
TR ossc e

0369 | 0199 | o009 [N 0535
RO o035 | o455 [NGESNNN
| |
\
\
\
\
= e =

0.784

os

0.123

|
|
|
|
IR

21



PESD 2025, 19, 2

Table 5. Quantity of waste recorded in the containers at Collection Point 1 and their fill
level, by day (1-31 May).

Paper Plastic and Biodegradable Residual
Glass (m3)
((LE)) metal (m3) waste (m3) waste (m3)
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