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Urban forestry is recognized as a strategic lever for addressing the environmental
and social challenges of cities, improving quality of life and promoting
sustainable regeneration processes. This paper aims to investigate how urban
forestry and the use of wood biomass are perceived by citizens, assessing
their role in terms of collective wellbeing, environmental sustainability and
territorial regeneration, with particular attention to differences related to
gender, age, and value orientations. The research is conducted through
an online survey carried out in Italy, aimed at gathering the opinions and
perceptions of the population on the subject. The results show broad consensus,
with generally very positive assessments, but with interesting differences:
women and young people are more sensitive to behavioral aspects and
more willing to financially support forestry initiatives, while men and older
people favor structural and collective benefits. The analysis also identified two
main profiles: a pragmatic cluster, oriented toward tangible and immediate
interventions, and a value-based cluster, more attentive to widespread benefits
and everyday sustainability practices. The findings highlight the need for
differentiated communication and governance strategies. Interventions targeting
more pragmatic citizen groups should prioritize communicating tangible local
benefits, such as visible improvements in urban quality, environmental mitigation
and direct improvements in everyday life. Conversely, strategies targeting
value-oriented groups should emphasize collective responsibility, long-term
environmental stewardship, and the integration of sustainable practices into
daily routines, ensuring that policy narratives are aligned with citizens’ normative
commitments. Overall, the study provides actionable and context-sensitive
insights for designing participatory frameworks that can strengthen institutional
trust and promote a just, inclusive, circular, and effective green transition.
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1 Introduction

Green entrepreneurship is increasingly recognized as a cornerstone for the
advancement of the circular economy and sustainable development. Its relevance lies
in its ability to stimulate innovation, create new business models, and promote local
resilience by transforming environmental challenges into entrepreneurial opportunities.
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Scholars emphasize that green entrepreneurship fosters
collaboration, improves regulatory compliance, and strengthens
sustainable ecosystem management (Mondal et al., 2025a).
However, although its potential is widely recognized, the concrete
contribution of green entrepreneurship to cleaner production and
circular economy practices remains under-explored (Mondal et al.,
2025b). This gap in empirical validation reduces the ability to fully
assess how entrepreneurial activities can translate sustainability
imaginations into effective practices within cities.

At the same time, the issue of food waste has been shown to
play a critical role for both the economy and the environment
(Kostakis et al., 2024). Its proper management is directly linked to
circular strategies and the achievement of the SDGs 7, 11 e 12. For
this reason, systemic and systematic integration into educational
programmes is essential (Kostakis and Tsagarakis, 2022), along with
policies that promote entrepreneurship, innovation, and equitable
socio-economic development (Kosta et al., 2025).

At the same time, the management of organic waste has
emerged as a crucial component of urban sustainability, as
it concerns a broader set of biodegradable flows that can be
reintegrated into local bio-based cycles. Recent studies highlight
how organic waste management plays a critical role for both
the economy and the environment (Kostakis et al., 2024),
and its valorization is directly connected to circular economy
strategies and the achievement of key SDGs related to clean
energy, sustainable cities and responsible consumption (SDGs 7,
11 and 12). The theme of SDGs is cross-cutting (Ikram and
Boudraa, 2025; Ikram and Nahdi, 2025; Keskin, 2025), involving
various stakeholders, and the literature focuses on green behavior
interaction (Abdou, 2025; Saqib et al., 2025). However, analyses
cannot ignore aspects related to social-culture aspects (Settembre
Blundo et al., 2014; Kostakis et al., 2025).

This broader framing aligns with evidence suggesting that
effective circular practices require not only technological solutions
but also systemic and systematic integration into educational
programmes to strengthen environmental awareness and
long-term behavioral change (Kostakis and Tsagarakis, 2022).
Furthermore, the implementation of circular and bio-based
strategies relies significantly on institutional trust. When citizens
perceive local authorities as transparent and competent, they
are more inclined to support policies promoting innovation,
entrepreneurship and equitable socio-economic development
(Kosta et al., 2025), as well as participate in initiatives related to
biomass valorization and urban forestry.

Business strategies also aim to combine the green and
digital transition mix in different areas (Byrne et al., 2024;
Colasante et al., 2025). Furthermore, the implementation of
circular and bio-based strategies relies significantly on institutional
trust. When citizens perceive local authorities as transparent
and competent, they are more inclined to support policies
promoting innovation, entrepreneurship and equitable socio-
economic development (Kosta et al., 2025), as well as participate
in initiatives related to biomass valorization and urban forestry.
Conversely, low institutional trust can hinder participation and
reduce the perceived legitimacy of environmental interventions.

Waste management pricing systems, if designed correctly,
can strengthen citizen involvement (Di Foggia and Beccarello,

2023), while reducing disparities in resource distribution. However,
unresolved tensions remain: the benefits are often perceived as
unevenly distributed (Bourdin and Chassy, 2023) and negative
perceptions continue to arise near production sites, often associated
with the NIMBY phenomenon (Mazzanti et al., 2021).

The importance of integrating renewable energy in this context
is particularly high. Local renewable energy production improves
the energy autonomy of the territory (Lyytimäki et al., 2021) and,
when combined with active community participation, generates
significant economic and environmental benefits, such as reduced
energy costs in energy communities (Gomes and Vale, 2024).
However, inclusive governance and effective consultation are
necessary to foster societal acceptance (Bourdin and Delcayre,
2024). Tax incentives and policies geared toward socio-political
dynamics further increase public support for sustainable mobility
and tourism (Gould et al., 2024). Despite this advance, participation
in energy transition research remains limited at all stages
(Huttunen et al., 2022), hampered by rigid institutional frameworks
and a lack of trust among key actors (Kiss et al., 2022). Restoring
trust in institutions and businesses therefore becomes a prerequisite
for progress (Huntjens and Kemp, 2022).

Urban transitions toward smart and sustainable cities are
also highly relevant to the circular economy. Scholars agree
that neighborhoods are the basic unit of transformation (Allam
and Jones, 2021). Civic participation is essential for tackling
the climate crisis through inclusive and equitable strategies
(Galende-Sánchez and Sorman, 2021) and highlights the need
to balance innovation with social equity (Radtke, 2025). City
self-assessments reveal barriers to circular approaches and
inform local governance frameworks (Möslinger et al., 2023).
Public engagement and the dissemination of knowledge about
green technologies are fundamental to sustainable learning
(Basilico et al., 2025b), particularly when integrating social and
environmental justice into smart city governance (Sengupta
and Sengupta, 2022). Neighborhoods are the fundamental
scale of urban transformation, where sufficiency, housing
regeneration, and stakeholder perceptions drive adaptive planning
and SDG implementation (Winston, 2022; Kim and Feng,
2024).

In this context, sustainable neighborhoods are often analyzed
through the lenses of energy justice, participatory governance and
resource autonomy (Benjumea Mejia et al., 2024; Wenander, 2024).
Energy communities, in particular, are promoted by the European
Union as a targeted strategy for renewable energy production,
energy independence, and participatory governance (López et al.,
2024; Lazaroiu et al., 2025). They strengthen local democracy and
provide tangible economic benefits to prosumers, contributing to
collective wellbeing (Basilico et al., 2025a).

Despite the widespread recognition of these benefits, a
significant gap in research remains. While renewable energy in
general, and energy communities in particular, have received
considerable attention from scholars, the specific dimension of
citizen acceptance of biomass use in urban contexts has not been
sufficiently examined (Jozay et al., 2024; Mashhadi et al., 2024;
D’Adamo et al., 2025). Biomass is pivotal for circular strategies, but
without clearer insights into citizens’ acceptance in urban contexts,
its potential may be undermined by social resistance.
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The work aims to fill this gap by investigating how citizens
perceive urban forestry and the use of wood biomass, analyzing
the value attributed to it in terms of quality of life, urban
regeneration and environmental sustainability. The objective is
to understand how these perceptions vary according to socio-
demographic factors and value orientations, identifying distinct
profiles of citizens and assessing the strategic implications for
policies and practices of communication, participation, and
sustainable resource management.

2 Literature review

Interest in urban green spaces is growing rapidly. For this study,
before conducting a systematic literature review (SLR) aimed at
the objective of the article, the Scopus database was consulted,
following the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines (Page et al., 2021) and the
procedures adopted in recent studies (Basilico et al., 2025a; Bitzenis
et al., 2025). The search was carried out on 21 September 2025,
using the following query:

“Circular Economy” AND “Urban” AND “Biomass” AND
“Sustainability” within Article title, Abstract, Keywords. Two
exclusion criteria were applied—Figure 1:

• E1 - The publication was not in English.
• E2 - The publication was not an article or review.

A total of 30 works were identified, showing a trend that peaks
in 2025 with 9 articles. No author has more than one article.
Sustainability is the leading journal with 4 works, followed by the
Journal of Cleaner Production with 3 works. The geographical
concentration shows a predominance of European countries: Spain
(6) followed by Portugal (5) and Italy (4).

To highlight the main recurring themes that emerged from
the Scopus query, a thematic map was created using the R
programming language (Figure 2). When reading the map, the
vertical axis indicates the relative importance of the themes, while
the horizontal axis represents their level of development.

The thematic map confirms the presence of four distinct
research areas. Themes located in the upper-right quadrant
represent well-developed and highly central topics, such as urban
sustainability and circular practices, indicating their consolidated
role in literature. Conversely, themes in the lower-right quadrant
are conceptually central but less developed, suggesting emerging
lines of inquiry, particularly regarding the integration of biomass
valorization into urban strategies. The upper-left quadrant contains
well-developed but more peripheral themes, while the lower-left
quadrant shows niche topics that are still evolving. Overall, the map
highlights how urban forestry, circular economy and biomass use
intersect in a growing research space, supporting the relevance of
exploring citizens’ perceptions within this framework.

A third exclusion criterion was applied:

• E3 - Topic not aligned with the study focus.

This additional filter determines the more detailed analysis of
15 works. Sustainable management of urban and agricultural waste

is a complex challenge for cities and rural communities. At the
same time, it offers significant opportunities to promote the circular
economy and environmental resilience. Some optimal solutions
include adopting pilot projects, collaborating with the private
sector, and overcoming technological barriers to ensure long-term
sustainability in wood waste management (Mojtahezadeh et al.,
2025). Adding biochar to compost boosts nutrient retention, cuts
phosphorus and nitrogen losses, and provides a safe, sustainable
alternative to peat for urban and home gardening (Veliu et al.,
2025). The integration of green energy supply chains and urban and
agricultural waste recovery processes is proving to be an enabling
factor for regional sustainability. This approach promotes scalable
processes, efficiency in material recovery and long-term industrial
synergies (Filho et al., 2025).

Integrated systems, combining biomass recovery, wind energy,
fuel production and drinking water through desalination, can be
evaluated to assess the energy and environmental sustainability
of urban and rural systems (Ayub et al., 2025). The adoption
of hierarchies for biomass utilization processes allows for the
optimisation of its use from agricultural, urban and industrial
residues. In this way, carbon neutrality and compliance with the
principles of the circular economy are promoted (Cansado et al.,
2025).

Governance, safety, and end-of-life management aspects are
crucial for the sustainability of bio-based materials. Optimized
wastewater treatment and urban waste recovery practices reduce
environmental and health risks, promoting circular and resilient
systems (Sgarbi et al., 2023; Muniz Sacco et al., 2024; Zhang
et al., 2024; Assies et al., 2025). The use of microalgae and
phytotoxic waste can increase agricultural productivity and
reduce the use of chemical herbicides. At the same time,
the integration of bioenergy, sustainable materials and sensory
technologies supports circular horticultural production (Salinas-
Velandia et al., 2022; Álvarez-González et al., 2023; Duarte
et al., 2023). In addition, integrated hubs for marine resource
management, urban waste and renewable energy production,
including green hydrogen generation, strengthen local food
security, reduce emissions and foster industrial synergies. These
solutions offer a model for the transition to resilient cities and
extended circular economy systems (Sadhukhan et al., 2018; Song
et al., 2021; Sajna et al., 2024). Overall, evidence shows that
urban and rural sustainability requires integrated approaches,
combining technological innovation, effective governance, cross-
sector collaboration and biomass valorization.

3 Methodology

The literature highlights how the direct involvement of
communities and consideration of individual perceptions are
fundamental elements for the success of urban regeneration
policies (Atiqul Haq et al., 2021; Dmitrović et al., 2025).

3.1 Survey on-line

In this context, the online survey method has proven to be
an effective tool both for recruiting participants and for collecting
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FIGURE 1

Document selection process.

data, thanks to the possibility of using diversified measurement
tools and reaching a large and geographically varied sample. This
methodology has also been widely applied in studies examining
sustainable consumption behaviors, confirming its validity and
versatility in various fields of research (Otaki and Kyono, 2022;
Colasante et al., 2025; Ruiz-Navarro et al., 2025).

Comparative studies report that many psychometric scales
show internal consistency and comparable measurement properties
between web and traditional methods, making web surveys suitable
for advanced analysis (Fang et al., 2021). This approach therefore
allows for an in-depth exploration of citizens’ opinions and
attitudes, proving particularly useful for analyzing the factors that
influence their willingness to support environmental and social
initiatives (Ponto, 2015).

The survey was disseminated through multiple digital
channels—including Facebook, Instagram, WhatsApp, and
LinkedIn—in order to maximize outreach and engage a diverse
audience. As with all voluntary online surveys, some degree
of self-selection bias cannot be entirely excluded. Respondents

who are more interested in environmental topics may have been
slightly more inclined to participate. Nevertheless, steps were
taken to mitigate this issue by distributing the questionnaire across
multiple platforms with different user profiles and by designing the
survey to be easily accessible also to less engaged individuals. This
multi-platform approach helped to overcome some of the typical
limitations of online data collection (Menegaki et al., 2016) by
capitalizing on the specific engagement dynamics and user profiles
of each platform (Albert and Smilek, 2023).

Despite some critical issues that may arise in the use of online
questionnaires, this methodology is consistent with the research
objectives, as it allows for rapid, widespread and cost-effective
data collection (Regmi et al., 2017). Other advantages of electronic
surveys include speed, cost, convenience, flexibility, ease of analysis,
global reach, reduction of errors, and diversity of questions (Keith
et al., 2023).

The questionnaire was administered online via Google Forms
in May 2025 and was completed by 435 participants. It consists of
a total of 21 questions, organized into several thematic sections.
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FIGURE 2

Thematic map.

Section I (socio-demographic) collects basic information (age,
gender, income). The second section (perception of urban forestry)
investigates perceptions of clean energy, land redevelopment,
wellbeing and everyday actions using a Likert scale. The third
section (perception of the use of wood biomass) collects opinions
on perceived risks and benefits, recorded both before and after
a brief technical briefing. The fourth (risk assessment) and fifth
(benefit assessment) sections explore separately perceived risks
(costs, dust, fires, etc.) and benefits (clean energy, emission
reduction, waste recovery, innovation). Finally, the sixth section
[willingness to pay (WTP)] explores citizens’ economic propensity
for planting in private and public areas. Monetary variables such as
the WTP are typically right skewed and sensitive to extreme values.
For this reason, the study assessed their distribution and applied
log transformations when appropriate, while also considering
median values and interquartile ranges to ensure robustness against
outliers. These steps help reduce distortions and improve the
reliability of subsequent comparisons.

The analysis of the collected data was conducted using an
integrated approach that initially involved a statistical-descriptive
phase, followed by an exploratory segmentation phase using
cluster analysis.

Various tests were applied to verify statistical significance: t-
tests, Friedman tests, Wilcoxon post-hoc tests, Kruskal–Wallis tests,
and t-tests for independent samples.

To identify homogeneous respondent profiles, the K-Means
clustering algorithm was used to identify homogeneous profiles
based on perceptions, risks, benefits, and economic availability. The

choice of K = 2 was primarily guided by the analysis of inertia,
which showed a clear drop between the first and second partition.
However, it is acknowledged that more complex structures may
also exist. For this reason, the Silhouette Index was additionally
examined to verify the internal coherence of the clustering solution,
which confirmed that the two-cluster configuration offers a good
balance between interpretability and statistical quality. The Likert
data were transformed into weighted averages; the monetary
variables were log-transformed and then standardized using z-
scores. After testing several solutions, the optimal number was
found to be k = 2 according to the Elbow Method, which
compares different values of k based on the trend of the function,
comparing the inertia for each configuration. Figure 3 describes the
methodological framework used in this work. This method is used
in literature to assess sustainability prospects (D’Adamo et al., 2024;
Detrinidad and López-Ruiz, 2024; Facendola et al., 2024).

3.2 Multi-criteria decision analysis

The strategic analysis was conducted using Multi-Criteria
Decision Analysis (MCDA), with the aim of establishing a ranking
of priorities among nine criteria relating to urban forestry and the
use of wood biomass. Three MCDA methods widely recognized
in the literature were applied: (i) Weighted Sum Model (WSM),
(ii) TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution), and (iii) VIKOR (VlseKriterijumska Optimizacija
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FIGURE 3

Methodological flowchart.

I Kompromisno Resenje). These approaches are well established in
the literature (Abdul et al., 2022; Iç et al., 2022; Soltanifar et al.,
2023; Ahmed et al., 2024).

The WSM calculates a weighted sum of the experts’ assessments
for each criterion. In the case in question, equal weights were
used for all experts, so that the final score coincides with the
arithmetic mean of the normalized evaluations. TOPSIS is based

on the idea that the best criterion should be as close as possible to
the ideal positive solution and as far as possible from the negative
one. VIKOR aims to identify a compromise solution, taking into
account both the aggregate distance from the ideal situation and
the maximum deviation. A parameter v = 0.5 is used. Each method
produces an independent ranking of the criteria; the results are then
combined through rank aggregation (average ranking) and verified
using a correlation matrix (Spearman’s coefficient) to check the
consistency between the different rankings.

Ten experts were selected from among academics,
environmental consultants, environmental technicians, and
spatial planners. The composition of the panel is also balanced in
terms of gender (40%) and professional background (all with at
least 10 years of experience and 5 years for consultants), ensuring
judgements that are both theoretically and practically sound.

The nine criteria represent the main strategic dimensions
related to urban forestry and woody biomass and were
pre-validated by two academics before being used in the
strategic analysis:

• C1 – Area enhancement. The extent to which urban forestry
interventions contribute to the enhancement of urban areas.
This concerns territorial regeneration, urban quality, and the
redevelopment of spaces.

• C2 – Healthcare costs. The extent to which urban forestry can
reduce healthcare costs related to air pollution. Economic and
healthcare dimension, linked to public health benefits.

• C3 – Employment. The potential of urban forestry to
generate new jobs and dedicated professional skills. Green
work/employment dimension.

• C4 – Environmental impact. The ability of urban
forestry to reduce overall environmental impact.
Includes CO2 absorption, heat island mitigation and air
quality improvement.

• C5 – Attracting funds. The effectiveness of urban forestry as a
lever for attracting European or national funds for ecological
transition. Links local projects to funding programmes.

• C6 – Technologies. Adequacy of available technologies
to implement urban forestry interventions. Considers
technological maturity, replicability and reliability
of solutions.

• C7 – Sustainable biomass. Perception of wood biomass as
a sustainable energy source compared to other renewables.
Concerns environmental impacts, supply chain and
overall sustainability.

• C8 – Energy independence. Contribution of the wood biomass
supply chain to reducing energy dependence on foreign
countries. Strategic energy dimension.

• C9 – Circular economy. Integration of wood biomass into
a circular economy strategy, maximizing material reuse and
waste reduction.

4 Results

The sample analyzed consists of 435 respondents. In terms of
gender, the respondents are evenly divided, with 54.5% men and
45.3% women. In terms of age, the majority of participants are
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under 40 (57.7%), while the remaining 42.3% are over 40. The
average age is 37.6 years. In terms of income, almost half of the
sample (46.4%) reported an income of up to 20,000 e, followed by
a significant 31.5% with an income between 20,001 e and 40,000
e; with lower percentages in the medium-high brackets: 40,001–
60,000 e (11.7%) and >60,000 e (10.3%). The sample is similar to
others in terms of gender, income (Basilico et al., 2025a) and age
(Colasante et al., 2025).

4.1 Perception of urban forestry

The second section evaluates attitudes and perceptions toward
the concept and, more specifically, the idea of afforestation
under the headings Clean Energy, Land Redevelopment, Personal
Wellbeing and Everyday Actions—Figure 4. All averages are above
4, indicating a strongly positive attitude toward afforestation and
suggesting that respondents do not perceive the issue as marginal,
but as a relevant factor for everyday life and the urban context.
These high values may partly reflect a social desirability bias, a
well-known mechanism in self-reported environmental surveys in
which individuals tend to overestimate their pro-environmental
attitudes to appear responsible or socially conscious. This tendency
can amplify already positive evaluations.

In particular, land redevelopment obtained the highest score
(4.5 on a Likert scale of 1–5), followed by personal wellbeing (4.4). It
should also be noted that the use of a 1–5 Likert scale may compress
the distribution of responses, especially for socially desirable
topics such as environmental protection, reducing dispersion and
creating high, clustered scores. This highlights how afforestation is
perceived not only as a tool for environmental sustainability, but
also as an opportunity for urban regeneration and improvement
of individual quality of life. The variability (standard deviation of
0.71 and 0.84, respectively) is limited, suggesting a considerable
convergence of opinion: the majority of respondents give medium-
high scores to these dimensions, with no significant differences
between individuals.

Clean energy ranks lowest (4.1), although it is still well
regarded. This pattern aligns with established findings in
environmental psychology, which show that men tend to prioritize
structural and context-oriented aspects of sustainability, whereas
women more frequently emphasize ecological, relational and
behavior-oriented dimensions. These gendered orientations have
been repeatedly documented in the literature (Hunter et al.,
2004), offering a useful interpretative framework for the differences
observed in our sample. It is also important to note that the present
sample is not statistically representative of the national population;
therefore, these differences should be interpreted as indicative
rather than generalizable to all citizens. This slightly lower
evaluation is likely not due to a lack of interest in clean energy, but
rather to limited ecological knowledge regarding the relationship
between afforestation, biomass use and energy production. Benefits
that are less visible or less intuitive for the public often receive more
cautious assessments. This result can be interpreted as a sign of a
less direct perception of the connection between afforestation and
energy production: respondents recognize the environmental value
of the action, but are less immediately aware of its impact on energy

generation. Finally, everyday actions (4.2) rank slightly higher, but
with greater variability (standard deviation = 0.91), indicating that
there is greater diversity of opinion on this point: some respondents
attribute a crucial role to individual commitment, others less so.

To confirm that the differences between the four dimensions
considered are statistically significant, the Friedman test [χ2(3)
= 86.34, p < 0.001] was applied, confirming that the ratings
attributed to the four dimensions are not equivalent. In
particular, respondents gave significantly higher ratings for land
redevelopment and personal wellbeing than for clean energy
and everyday actions. The presence of systematic differences
confirms the heterogeneity of perceptions within the sample and
reinforces the hypothesis of greater social and territorial relevance
of afforestation.

To identify which pairs of dimensions, differ from each other,
post-hoc comparison tests were performed, specifically Wilcoxon
tests for paired measures on all pairs, in order to obtain six
comparisons, with Holm correction for the control of the overall
type I error. The post-hoc results reveal some relevant evidence,
where Z represents the statistical value of the test, indicating the
intensity and direction of the difference observed between two
dimensions, and r represents the size of the effect—Figure 5.

The most marked differences are observed between land
redevelopment and clean energy (p < 0.001) and between personal
wellbeing and clean energy (p < 0.001), showing that participants
attribute much greater value to urban regeneration and wellbeing
than to energy impacts. Significant differences also emerge between
land redevelopment and everyday actions (p < 0.001) and between
personal wellbeing and everyday actions (p < 0.001), suggesting
that forestation is perceived more as a structural policy and a
factor of collective wellbeing than as an individual responsibility.
Conversely, there are no significant differences between clean
energy and everyday actions or between land redevelopment and
personal wellbeing, highlighting a similar perception within each
pair: the first two dimensions represent the lower end of perceived
priorities, while the latter are at the higher end.

Overall, the data confirm that respondents recognize more
strongly the value of afforestation in terms of urban regeneration
and improved wellbeing than its impact on energy or the
contribution of individual daily behaviors. Although some of the
differences between dimensions are statistically significant, their
practical magnitude remains small. All average values fall within
a narrow, high range, indicating that respondents generally agree
on the benefits of afforestation, even if for different underlying
reasons. Therefore, statistical significance should be interpreted
with caution. The observed effect sizes (r between 0.22 and 0.39)
correspond to small-moderate intensities, but are nevertheless
consistent and significant from an interpretative point of view.

After analyzing the overall sample, the data was disaggregated
by gender to observe any significant differences in perceptions.
To this end, a comparison test between averages disaggregated by
gender was conducted, considering men and women separately
(Figure 6).

Firstly, it should be noted that in both groups the ratings
remain very high (all averages are above 4), confirming a
general consensus on the importance of forestry. However, the
disaggregated analysis highlights some significant differences. As
far as men are concerned, the highest scores are attributed
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FIGURE 4

Mean scores for the Afforestation area questions among all 435 respondents.

FIGURE 5

Statistical analysis of perceptions of urban forestry.

to land redevelopment and personal wellbeing. This indicates
greater attention to the structural and collective dimensions of
the phenomenon, i.e., linked to improving urban quality and the
perception of widespread wellbeing. Women, while confirming
the same orientation, show slightly higher sensitivity to other
dimensions. In particular, women assign higher values to clean
energy and everyday actions. Overall, the female component of the

sample tends to recognize more strongly both the link between
forestry and sustainable energy and the role of individual practices
and everyday responsibilities in promoting sustainability. In direct
comparison, therefore, two complementary orientations emerge:

• Men favor aspects of urban transformation and collective
wellbeing, scoring slightly higher on structural dimensions.
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FIGURE 6

Comparison of mean scores by gender.

• Women show greater attention to energy and behavioral
aspects, emphasizing the link between afforestation, clean
energy production and sustainable daily practices.

Overall, the disaggregated data indicate that, despite
widespread agreement on the importance of forestation, there
are gender differences that reflect different sensibilities: more
practical and every day in the case of women, more focused on
aspects of urban regeneration and widespread wellbeing in the
case of men. This evidence offers useful insights for interpreting
social perceptions and calibrating any communication strategies
or intervention policies, taking into account the nuances that
characterize the different subgroups.

4.2 Informational impact on the perception
of biomass

The third section is dedicated to the evaluation of woody
biomass, before and after reading the descriptive information,
highlighted a significant improvement in respondents’ perception.
The overall mean score increased from 3.81 to 4.19 on a 1–5 Likert
scale, corresponding to an increase from 76.2% to 83.8% of the
maximum scale (Figure 7). The improvement was observed across
all subpopulations analyzed: age group 18–40 years (from 3.85 to
4.23), age group 41–80 years (from 3.77 to 4.14), women (from 3.80
to 4.16), and men (from 3.83 to 4.21). The Wilcoxon signed-rank
test confirms that these differences are statistically significant in all
cases (p < 0.001)—Table 1.

From a statistical perspective, the Wilcoxon signed-rank test
returned extremely low p-values (p < 0.001) both in the overall
sample and in all the subgroups considered. This implies that
the probability that the differences observed between the “before”
and “after” evaluations are due to chance is practically null.
In other words, this is not a simple random fluctuation, but
a real and systematic change induced by the informational

FIGURE 7

Overall average evaluation of woody biomass before and after the
descriptive information (Likert scale 1–5, reported as percentage).

intervention. This result suggests that even a brief, clear technical
explanation is sufficient to improve public acceptance of biomass-
related interventions. Providing accessible information reduces
misconceptions and increases familiarity with the topic, which is
known to be a key determinant of positive environmental attitudes
in the literature on public perception of bioenergy systems. The
increase observed after the informational treatment is statistically
significant across all subsamples (p < 0.05), confirming that the
change in perception is not due to random variation but emerges
consistently among age and gender groups. The pattern also
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TABLE 1 Descriptive results and Wilcoxon test for the evaluation of
woody biomass before and after the descriptive information.

Group N Mean
before

Mean
after

p-value
Wilcoxon

Totale 435 3.81 4.19 <0.001

18–40 256 3.85 4.23 <0.001

41–80 179 3.77 4.14 <0.001

Women 198 3.80 4.16 <0.001

Men 237 3.83 4.21 <0.001

indicates that citizens tend to respond more readily to benefits that
are concrete and easy to visualize—such as air quality improvement
or cost reduction—while more systemic or indirect aspects remain
less salient. The absence of negative shifts and the generally positive
trend suggest that biomass is not associated with fear or rejection,
but rather with a form of informed caution that can be reduced
through targeted communication.

This result is also clearly shown in Figure 8, where the columns
referring to the “after” evaluations are consistently higher than
those referring to the “before” evaluations across all analyzed
categories (age groups, gender, and overall mean). The uniform
increase in averages confirms that the informational effect had a
positive and transversal impact, regardless of the sociodemographic
characteristics of the respondents.

4.3 Risks and benefits of using wood
biomass

Sections four and five of the questionnaire analyse the risks and
benefits of using woody biomass. This phase of the analysis aims
to understand whether the assessments expressed on the potential
negative and positive impacts are consistent among respondents
or whether they vary significantly according to gender and age
(Figures 9–11).

The distribution of responses shown in Figure 12 indicates
that citizens tend to focus primarily on the most tangible and
immediately perceptible benefits of biomass, such as improvements
in air quality and potential cost reductions. In contrast,
more systemic or long-term benefits—such as contributions to
climate mitigation or circular bioeconomy processes—receive
comparatively lower salience. The absence of strong negative
evaluations suggests that woody biomass is not perceived as a
risky or threatening option; instead, respondents express a form
of informed caution, characterized by generally positive attitudes
accompanied by a desire for clarity and reassurance. Statistical
tests confirm the robustness of these patterns, with significant
differences across the dimensions assessed (p < 0.05), indicating
that public perceptions exhibit a consistent structure across the
sample. Taken together, these results indicate that the socio-
demographic differences observed across Sections 4.1 and 4.2
should not be interpreted as rigid divisions between groups,
but rather as distinct cognitive orientations. Some respondents
appear more focused on the concrete, visible outcomes of

environmental interventions (“what” the action produces), while
others evaluate sustainability through broader value-based or
procedural considerations (“how” the action is implemented).
These complementary interpretative frames help explain why
overall consensus coexists with differentiated patterns of emphasis
across the sample.

The average risk scores range between 3.2 and 3.7, confirming
a moderate perception: citizens recognize the existence of critical
issues, but without attributing them predominant importance.
In particular, the most pressing risks are fine particulate matter
(average 3.7) and the high cost of collection and transport (3.6),
while dependence on public incentives is considered less relevant
(3.2). A comparison by gender reveals significant differences using
the Kruskal–Wallis test: women give higher scores to both high cost
[χ(2) = 5.29, p = 0.021] and the risk of fire in storage [χ(2) = 5.74,
p = 0.017]. In relation to age, the most marked difference concerns
fine particulate matter, which is of significantly greater concern to
the over −40 s [χ(2) = 18.11, p < 0.001].

The benefits scored much higher, all between 4.3 and 4.6,
indicating widespread consensus on the usefulness of biomass.
The most appreciated benefit is the reduction of greenhouse
gas emissions (average 4.6), followed by clean energy (4.5) and
sustainable forest management (4.4). From a gender perspective,
women give significantly higher scores to clean energy [χ(2) =
14.45, p < 0.001], emission reduction [χ(2) = 18.01, p < 0.001] and
green technological innovation [χ(2) = 4.11, p = 0.043]. In terms
of age groups, those over 40 place greater emphasis on structural
and collective benefits, assigning higher values to clean energy
[χ(2) = 46.27, p < 0.001], forest management [χ(2) = 33.53, p <

0.001] and emissions reduction [χ(2) = 35.06, p < 0.001], while
younger people still maintain high scores but show a relatively
greater sensitivity toward green technological innovation.

Overall, the results highlight how, despite a general consensus,
there are socio-demographic differences that reflect different
sensitivities: women and those over 40 tend to value stability,
security and structural benefits, while men and younger people
appear more oriented toward concrete and innovative aspects.
Quantitative evidence and statistical tests therefore confirm that
perceptions of biomass are not uniform, but vary in nuances
that can guide targeted communication and policy strategies. This
heterogeneity paves the way for more in-depth analysis. Statistical
tests have confirmed the existence of significant differences, but at
the same time have shown the limitations of an interpretation that
stops at socio-demographic comparisons alone.

4.4 Willingness to pay

In order to fully grasp the combinations of variables and
the more complex relationships between risks, benefits, attitudes
and economic availability, an exploratory approach capable of
identifying homogeneous groups of respondents is necessary.
The sixth section of the questionnaire investigates the WTP of
respondents, assessing the monetary amount they would be willing
to pay:

• to have a tree on their property (garden or land);
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FIGURE 8

Average evaluations of the perception of woody biomass before and after the descriptive information, broken down by age group and gender (Likert
scale 1–5, reported as percentage).

FIGURE 9

Mean risk perception scores by gender.

• to have a tree in public areas near their residence, knowing that
the biomass resulting from pruning would be reused in wood
biomass plants.

To assess the existence of significant differences based on socio-
demographic variables, an independent sample t-test was applied—
Table 2.

The results show that, despite some significant average
differences, none of them are statistically significant in the tests
conducted. It should be noted that monetary variables such as

WTP typically exhibit skewness and non-normal distributions,
which may reduce the power of parametric tests such as the t-
test. The absence of statistically significant differences between
groups may therefore be partly attributable to high within-group
variance and the presence of a few highly generous respondents
who shift the mean upwards. Future analyses could benefit
from applying log-transformed models or using non-parametric
regression approaches (e.g., quantile regression) to account for
distributional asymmetries and better isolate the role of age, gender
and environmental attitudes. Excluding extreme outliers may also

Frontiers in Sustainability 11 frontiersin.org

https://doi.org/10.3389/frsus.2025.1712630
https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org


D’Adamo et al. 10.3389/frsus.2025.1712630

FIGURE 10

Mean benefit perception scores by gender.

FIGURE 11

Mean risk perception scores by age group.

help stabilize the estimates and support a more precise comparison
across groups. In addition, respondents often report higher WTP
when their answers are not tied to real economic consequences
(Cascavilla et al., 2025).

From a descriptive point of view, women report a higher
willingness to have a tree in their home (140e compared to 67e for
men), while for public areas the differences are considerably smaller
(56e compared to 52e). With regard to age, those under 40 report
a higher average willingness to pay for both private planting (138
e compared to 65 e for those over 40) and public planting (59 e
compared to 49 e).

The results indicate that willingness to pay does not differ
significantly between genders or age groups. However, they suggest
some interesting trends: women and the under- s appear to be
more inclined to financially support forestry initiatives, both in the

private and public spheres. This relative homogeneity, combined
with slight differences between subgroups, provides useful insights
for targeting awareness campaigns and policies, taking into account
different socio-demographic propensities.

This is the focus of the Cluster Analysis, which will allow us to
outline distinct profiles of citizens, going beyond simple categories
of gender or age and offering a richer and more useful interpretative
tool in terms of application.

4.5 Cluster analysis

K-means analysis was used to identify homogeneous segments
of respondents based on quantitative variables (Likert averages,
perception of risks/benefits, economic availability), in order to
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FIGURE 12

Mean benefit perception scores by age group.

TABLE 2 Results of the t-test for WTP by gender and age.

Variable Group 1
mean

Group 2
mean

p

WTP housing (M/F) 67.1 140.1 0.256

WTP public areas (M/F) 51.8 56.5 0.619

WTP housing (18–40 vs. 41–80) 137.9 64.5 0.226

WTP for public areas (18–40 vs.
41–80)

58.6 48.5 0.262

TABLE 3 Part 1 — Afforestation and sensitivity: clean energy afforestation.

Age 1 2 3 4 5 Total

18–40 9 14 56 101 76 256

41–80 5 0 22 36 116 179

profile groups with different attitudes/propensities and derive
targeted actions.

The data sample analyzed consists of 435 respondents. The
data structure is organized into two-dimensional matrices, with
a unifying and fixed variable, represented by age group, which
is divided into two groups: 18–40 years and 41–80 years. The
tables collected differ in terms of the variable on the x-axis, where
Likert scales from 1 to 5 were used, weighted averages of Likert
scale values for risk and benefit areas, and economic availability
expressed in euros. Based on the data collected in the questionnaire,
raw cumulative tables were created, which will serve as a basis
for the subsequent stages, as indicated in Appendix B. For the
sake of transparency and replicability, the entire code developed is
reported in Appendix C. Below is an example related to the first
category, “Afforestation and Sensitivity” (Table 3).

For the purposes of cluster analysis, a single matrix of
characteristics was constructed. Each row represents a respondent

and each column a variable in order to proceed with a
single, comparable segmentation that also takes into account the
interrelationships between the different thematic areas—Table 4.

For the analysis of the sample, a series of transformations and
inclusion and exclusion criteria were applied to ensure that the
data used were numerical, comparable and standardisable. The
clusters were compared with the age breakdown, finding that both
age groups were represented in each group. This confirms that
the partition identified by the algorithm reflects more complex
combinations of attitudes and preferences, and is not exclusively
linked to the age variable. The analysis therefore demonstrated that
the two-cluster structure is robust, maintaining its consistency even
when considering this distinction. The analysis of standardized
centroids (Figure 13) made it possible to outline two distinct and
easily interpretable profiles. The variables considered were reported
in normalized form (z-score), so as to make the comparison
between the groups immediate and to identify which dimensions
are most relevant for each cluster. Figure 14 shows the non-
standardized version.

Cluster 0 is characterized by below-average values in the
dimensions relating to perceived wellbeing and everyday actions,
suggesting a lower overall sensitivity to the intangible or behavioral
benefits of sustainability. This group therefore appears less inclined
to translate its concern for the environment into established
everyday practices. On the other hand, the positive values recorded
for the willingness to have trees in private or public areas
indicate that this cluster recognizes the importance of concrete and
tangible actions that are directly perceptible in their own living
environment. In other words, Cluster 0 seems to be more oriented
toward forms of sustainability that have a visible and immediate
return on the quality of the living space.

Cluster 1, on the other hand, stands out for its above-average
values in relation to wellbeing and everyday actions, highlighting a
more marked propensity to recognize the widespread and collective
benefits of sustainability. Individuals belonging to this group are
more willing to integrate environmental practices into their habits
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TABLE 4 Matrix of average values by age group (18–40 and 41–80) on the
variables proposed for analysis.

Acronym Description 18–40
years

41–80
years

EP Clean energy 4 4

BE Wellbeing 4 5

GE Gestures 4 5

CR High collection/transport
costs

3 3

PF Fine dust without
maintenance

3 3

VS Seasonal variations in biomass 3 3

IN Fire in storage 3 3

INCP Dependence on reduced
public incentives

3 4

NR Clean energy from natural
resources

4 4

GF Sustainable forest
management

4 4

RG Greenhouse gas reduction 4 4

RL Wood waste recovery 4 4

IT Green technological
innovation

4 4

AP Tree on private property 85 65

APu Tree in public areas 50 49

and perceive a positive impact on personal and social wellbeing.
However, this cluster shows lower values in relation to the presence
of trees in private or public contexts, thus demonstrating an
orientation that is less tied to tangible aspects and more focused
on overall impacts. Furthermore, the relatively more critical
assessment of dependence on public incentives indicates a greater
awareness of the structural limitations of forestry and biomass
projects and the need for planning that is not based exclusively
on subsidies.

A comparison of the two profiles reveals two complementary
approaches to sustainability (Table 5).

This segmentation offers relevant operational insights for the
design of communication policies and strategies. For Cluster 0, it
is effective to emphasize the tangible dimension of interventions,
for example by highlighting the direct benefits of urban forestry on
living comfort and quality of daily life. For Cluster 1, on the other
hand, messages focused on widespread benefits, the improvement
of collective wellbeing and the importance of daily choices for
sustainability may be more convincing.

Looking at the objectives in terms of application, the possibility
of distinguishing between these two profiles allows for the
calibration of tools and incentives in a differentiated manner: on
the one hand, promoting visible, local-scale interventions, and
on the other, encouraging practices and awareness campaigns
that enhance the role of citizens as active actors in the
ecological transition.

Through the application of cluster analysis, two distinct groups
have been identified: the first, more pragmatic, linked to tangible
and local benefits, and the second, more value-oriented, focused
on widespread benefits and everyday practices. This analysis allows
the differences that have emerged to be translated into concrete
intervention strategies. For the pragmatic cluster, for example,
forestry initiatives that is clearly perceptible in citizens’ daily lives,
such as planting trees in residential areas or redeveloping local
green spaces, are more effective. For the value-oriented cluster,
on the other hand, actions that strengthen the sense of collective
belonging, such as awareness campaigns, educational programmes
and messages emphasizing the overall environmental impact, have
greater resonance.

4.6 Strategic analysis

Starting from Section 3.2, the next step is to collect
the ratings provided on a scale of 1–10 by the experts
(Supplementary Table S8). It should be noted that one limitation
of these analyses is that they do not calculate a consistency index,
as is the case, for example, with the Analytical Hierarchy Process
(D’Adamo et al., 2024). The WSM gives the highest relevance
to criterion C4, followed by C1 and C9. TOPSIS confirms the
centrality of C1 and C4, followed by C9. VIKOR sees C1 and C9 in
the lead, followed by C4. Consequently, in order to obtain a single
summary of the three rankings, the average rank was calculated
for each criterion, starting from the WSM, TOPSIS, and VIKOR
rankings—Table 6.

The average ranking clearly identifies the priorities of
C1 (area enhancement), C4 (environmental impact), and C9
(circular economy). Urban forestry is therefore interpreted as
a true ecological infrastructure, capable of combining territorial
regeneration and environmental mitigation. This approach is
consistent with the European Green Deal and EU strategies
on ecological transition, which emphasize the multifunctionality
of green infrastructure and the role of the circular economy
in resource management. The alignment between the priorities
expressed by the experts and institutional priorities reinforces the
legitimacy of the conclusions.

To verify the consistency between the methods, Spearman’s
correlation between the WSM, TOPSIS and VIKOR rankings was
calculated. The values obtained are very high (ρ between 0.95 and
0.98), with maximums of ρ = 0.983 between TOPSIS–WSM and
TOPSIS–VIKOR, and ρ = 0.950 between WSM–VIKOR. From a
statistical point of view, the corresponding t-statistics (e.g., t =
14.17 for ρ = 0.983 and t = 8.05 for ρ = 0.950, with 7 degrees
of freedom) are highly significant (p < 0.001). This confirms that
the rankings do not diverge randomly, but are highly consistent
and robust.

Criteria C7 (sustainable biomass) and C8 (energy
independence) are, however, systematically marginal. This does
not mean that these aspects are not important, but that experts
perceive them as more complex to achieve in the immediate term,
due to technological and logistical challenges and the perceived
sustainability of the wood supply chain. These are medium- to
long-term objectives, less tangible than urban regeneration or
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FIGURE 13

Average profiles (z-scores) by cluster.

FIGURE 14

Unstandardized centroids.

direct reduction of environmental impact. Overall, the panel shows
a strongly “environmentally-oriented” approach: the mitigation of
environmental problems, the circular economy and urban quality

are seen as priority strategic levers. This confirms that urban
forestry is no longer perceived solely as a landscaping intervention,
but as a structural tool for public policy and urban transformation.
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TABLE 5 Comparison of the average profiles emerging from the two clusters.

Characteristic Cluster 0 Cluster 1

Perceived wellbeing Below-average values; less sensitivity to widespread benefits Above-average values; strong recognition of positive impacts

Daily actions Limited propensity to translate attention into daily practices High propensity to integrate sustainable habits into daily life

Dependence on public incentives Less relevant More critical, with awareness of structural limitations

Trees in private/public areas Greater availability; focus on tangible and local interventions Lower values; focus on general rather than concrete impacts

General orientation Pragmatic, focused on immediate and visible benefits Value-oriented, focused on collective and long-term benefits

TABLE 6 Strategic analysis results.

Criteria Rank WSM Rank TOPSIS Rank VIKOR Average rank

C1 – Area enhancement 2 1 1 1

C2 – Healthcare costs 5 5 5 5

C3 – Employment 6 6 6 6

C4 – Environmental impact 1 2 3 2

C5 – Fund attraction 4 4 4 4

C6 – Technologies 7 7 7 7

C7 – Sustainable biomass 9 9 9 9

C8 – Energy independence 8 8 8 8

C9 – Circular economy 3 3 2 3

5 Discussion

The results of the survey provide a clear picture of citizens’
perceptions of urban forestry and biomass use, highlighting points
of contact and differences with respect to scientific literature.
Overall, respondents expressed a very positive attitude toward
forestry, evaluating it mainly in relation to urban regeneration
and improved personal wellbeing, while the link with energy
production was less immediate (Kabisch et al., 2015). The
perception of the benefits associated with biomass use confirms this
positive orientation, with high scores attributed to greenhouse gas
emission reduction, clean energy production, and sustainable forest
management (Foley et al., 2010; Panwar et al., 2011). However,
citizens also show moderate awareness of the potential risks,
particularly in relation to fine particulate matter and collection and
transport costs (Ribeiro et al., 2011; Saidur et al., 2011). Willingness
to pay did not show statistically significant differences between
socio-demographic groups, although women and young people
tend to be more likely to contribute financially to afforestation
initiatives (Upham et al., 2007). This indicates that the perception
of social and environmental benefits carries more weight than
economic considerations.

Cluster analysis identified two distinct profiles of citizens:
a pragmatic cluster, oriented toward tangible and immediate
benefits, and a value-oriented cluster, sensitive to collective
aspects and everyday practices (Höpfl et al., 2024; Baroni et al.,
2025). The cluster analysis offers a useful but non-deterministic
classification. The identified groups reflect similarities in selected
perceptual variables, but they should not be interpreted as
discrete categories within the broader population. Given that the

segmentation is based on self-reported perceptions, the clusters
are better understood as psychological orientations rather than
observable behavioral types. The distinction between pragmatic
and value-driven respondents thus captures differences in how
individuals conceptualize sustainability rather than differences in
actual behavior. Nonetheless, the segmentation remains practically
relevant, as it supports the design of communication and
governance strategies tailored to the specific sensitivities of each
orientation. This segmentation offers operational insights for
calibrating policies and communication strategies, combining
visible local impacts with awareness campaigns on collective
benefits. In summary, the results confirm the importance of urban
forestry as a tool for wellbeing and regeneration, the recognition of
the environmental benefits of biomass, and awareness of the risks
associated with costs and emissions.

From a governance perspective, the distinction between
pragmatic and value-driven orientations suggests the need
for differentiated participatory strategies. Individuals with a
pragmatic profile tend to respond more strongly to concrete,
visible outcomes—such as improved services, cost efficiency
or measurable environmental benefits—and may therefore be
more engaged through targeted information on practical impacts
and implementation procedures. Conversely, respondents with
a value-driven orientation appear more sensitive to long-term
sustainability principles, fairness, and collective responsibility,
implying that participatory approaches for this group should
emphasize co-creation, transparency, and inclusiveness. Designing
communication and engagement strategies that address both
orientations is essential to ensure broad-based support for urban
forestry and biomass-related interventions. It is also important
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to interpret these segments as dynamic orientations rather than
fixed categories. Individuals may shift between pragmatic and
value-driven perspectives depending on the type of environmental
intervention, their level of information, or the perceived proximity
of the benefits. These orientations therefore represent flexible
cognitive frames that evolve over time, highlighting the importance
of continuous engagement and adaptive communication strategies
to maintain public support. Original elements also emerge, such
as differences by gender and age group and the segmentation
between pragmatic and value clusters, suggesting the need for
diversified policies that combine concrete actions and participatory
tools (Ribeiro et al., 2011; Höpfl et al., 2024; Baroni et al., 2025).

The sustainable management of biomass and urban resources
is a strategic lever for promoting environmental resilience and
circularity (Mojtahezadeh et al., 2025). The integration of residues
and efficiency models leads to more sustainable systems (Veliu
et al., 2025). At the same time, social perceptions of urban
forestry require attention (Kabisch et al., 2015). The adoption of
integrated strategies, combining technological innovation, effective
governance and citizen involvement, is essential to promote urban
and rural sustainability (Sadhukhan et al., 2018). Sustainable
choices in other sectors can also be made when a model of
sustainable community is achieved, not only from an energy
perspective but also in the sphere covering social and human
aspects (Basilico et al., 2025a; D’Adamo et al., 2025). In this context,
policies must consider both tangible and immediate aspects and
values and social aspects, in order to strengthen public confidence
and encourage the transition to circular and resilient practices.

6 Conclusions

This work highlights how urban forestry and the use of
woody biomass are perceived positively and as highly relevant
for improving quality of life, regenerating the urban fabric, and
promoting environmental sustainability. The data collected show
broad consensus: all dimensions considered score above 4 out of 5,
a clear sign that the issue is far from marginal. Nevertheless, behind
this general agreement lie interesting differences linked to gender,
age, and, above all, to the value orientations of respondents.

Urban forestry is primarily perceived as a tool for territorial
regeneration and collective wellbeing, while its connection to clean
energy and everyday practices appears less immediate, although
still evaluated positively. Women and younger respondents show
greater sensitivity to behavioral aspects and a higher willingness
to financially support forestry initiatives, whereas men and older
respondents place more emphasis on structural aspects, stability,
and collective benefits. Perceptions of biomass follow a similar
pattern: its benefits, especially emission reductions and renewable
energy production, are strongly acknowledged, but concerns
remain regarding environmental and economic risks, particularly
among women and older respondents.

The cluster analysis allowed us to go beyond socio-
demographic categories, revealing the presence of two distinct
profiles. On one hand, there is a pragmatic group, less sensitive to
diffuse and intangible benefits but more inclined to value concrete
and tangible interventions, such as planting trees in private areas or

neighborhood spaces. On the other hand, there is a value-oriented
cluster, characterized by greater attention to collective benefits,
wellbeing, and daily sustainability practices, but less focused on
tangible and immediate aspects.

These findings have significant policy and strategic
implications. First, communication needs to be differentiated.
For more pragmatic citizens, it is essential to stress the concrete
and visible advantages of urban forestry, such as improved urban
comfort, shading, and air quality. For value-oriented citizens,
on the other hand, communication strategies should emphasize
collective benefits, the reduction of environmental impacts,
and the role of everyday practices. At the same time, policies
should follow dual track: on the one hand, implementing local
interventions capable of producing perceptible results in daily
life; on the other, promoting awareness and education campaigns
that reinforce a sense of shared responsibility and highlight
overall benefits.

Special attention should be paid to the management of
woody biomass which, while generally viewed positively, raises
concerns related to particulate emissions, costs, and fire risks.
Addressing these issues requires transparent responses and the
adoption of innovative technological solutions—such as advanced
filtration systems, sensor technologies for real-time emissions
monitoring, and the use of short-supply-chain biomass—that can
ensure both safety and efficiency while reducing dependence
on public subsidies. Only in this way will it be possible to
strengthen citizens’ trust and ensure the long-term sustainability
of projects.

Finally, the differences that emerged by gender and age
suggest the importance of actively engaging women and younger
respondents as promoters of sustainable practices, recognizing
their role as key actors in the ecological transition, while also
valuing the more structural orientation of older respondents by
linking it to long-term, collective projects.

Overall, the results demonstrate that urban forestry and
biomass valorization represent not only an environmental lever
but also a strategic tool for urban and social policy. Institutions
therefore could tailor their actions through differentiated
approaches that respond to diverse sensitivities, integrating
tangible, local interventions with broad-based educational and
communication strategies. Only through this dual strategy will it be
possible to strengthen citizen engagement and turn urban forestry
into a shared practice, widely recognized as a common good.
This work has some limitations. The analyses could be replicated
in other geographical contexts and with different samples.
Similarly, other analytical methodologies could be calculated and
include environmental and economic assessments. In particular,
these concepts could be explored within the growing theme of
sustainable communities. Several technological and operational
innovations could help address the critical aspects highlighted
by respondents. Advanced particulate filtration systems can
substantially reduce emissions during biomass combustion, while
real-time monitoring sensors allow continuous tracking of air
quality and plant performance, increasing transparency and
institutional trust. Furthermore, the adoption of short, locally
integrated biomass supply chains can minimize transportation
impacts and reinforce the environmental sustainability of the
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entire process. Integrating these innovations into urban forestry
and bioenergy initiatives may therefore enhance both the technical
robustness and the social acceptability of future interventions.

This work contributes to SDGs 7, 11, and 12 by
showing how sustainably managed biomass can support
the transition to clean energy, how urban forests improve
the resilience and liveability of cities, and how the circular
integration of green space management and waste recovery
promotes more responsible consumption and production.
Ensuring a truly sustainable and socially supported green
transition ultimately depends on citizen engagement
and trust.
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