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Abstract. Ecosystem services linked to biodiversity conservation and sustainable 
natural resource use are underscored as a crucial research focus. Extensive litera-
ture describes the role of the circular economy as a protagonist in the challenges 
that will characterize global development in the coming years. The circular econ-
omy emerges as a key player in shaping the global growth trajectory, with a pivotal 
role in fostering sustainability within cities and societies. Its transformative impact 
is underscored by a shift from a linear economic model to a more adaptive transition 
model, emphasizing the importance of innovation in research and entrepreneur-
ship. The paper subsequently looks into a pilot study conducted in Sicily, focusing 
intently on classifying economic activities within Sicilian craftsmanship. Its over-
arching objective is to discern those activities that resonate with the pivotal shift 
towards sustainability and a circular economy. The paper provides an overview of 
a broad study that integrates societal resilience, sustainable economic approaches, 
and ecosystem services. It focuses explicitly on Sicilian craftsmanship and its 
alignment with the transition towards a circular and bio-based economy. 
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1 Introduction 

Recognizing the importance of ecosystem services, this article proposes a pilot experi-
ment using the Statistical Classification of Economic Activities in the European Com-
munity (NACE), Classification of Italian Economic Activities (ATECO), and Common 
International Classification of Ecosystem Services (CICES) to identify craftsmanship 
sector activities in Sicily aligned with the bioeconomy and those contributing to ecosys-
tem services. This multidimensional approach offers a valuable framework for under-
standing the symbiotic relationship between circular economy practices [1, 2], the bioe-
conomy, and eco-system services in pursuing sustainable regional development. The 
structure of the paper is outlined: the first part defines the circular and bio-economy, 
exploring their connections and relevant sectors. The second part involves the analysis
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of the NACE classification to identify bioeconomy activities and delves into ecosystem 
services and the CICES classification. The final part uses NACE classification and com-
pares ATECO (ISTAT) and CICES classifications to analyze the distribution of Sicilian 
craftsmanship and identify, respectively, bioeconomy activities and ecosystem services 
impacting well-being. Additionally, GIS tools are mentioned as a means of creating 
maps to aid in the analysis and make it more transparent. 

2 A Brief Literature Review of Circular Economy, Bioeconomy, 
and Ecosystem Services 

The MacArthur Foundation’s definition of the circular economy, centered on recycling 
and reuse through uninterrupted life cycles [3], sets the stage for its practical application. 
One convincing example is the conversion of food waste, turning what was once deemed 
waste into the foundation for new production cycles, effectively eliminating the concept 
of waste. 

Contemporary literature advocates a paradigm shift towards more responsible and 
sustainable attitudes, emphasizing a systemic approach that considers the interplay 
between products, time, and regional context to achieve sustainability and minimize 
waste [4]. The circular economy, with its regenerative and restorative principles rely-
ing on renewable energy and creating new life cycles from waste, complements the 
bioeconomy. 

The European Commission defines the bioeconomy as a comprehensive field cover-
ing sectors and systems reliant on biological resources, linking land and marine ecosys-
tems, primary production, and economic and industrial sectors. This bioeconomy, closely 
associated with technological development and global economic growth, has evolved 
with concepts like the bio-based economy and circular economy [5]. 

The synergy between the bioeconomy and the circular economy is pivotal, leading 
to a “circular bioeconomy” [4–6]. This integrated approach emphasizes the intercon-
nected progress of these concepts, highlighting the essential role of sustainably pro-
duced biomass in substituting non-renewable energy. European initiatives have already 
taken strides in promoting eco-innovative solutions to limit food waste production and 
encourage reuse, particularly in the Southern regions. Their impact extends beyond indi-
vidual companies, creating a network of local businesses that contribute to well-being 
and economic returns in the area. 

This networking effect represents both a challenge and an opportunity for regions 
seeking enhanced economic development by establishing green tech companies and 
promoting a sustainable, innovative, and circular regional context. Moreover, social 
enterprises and companies aligned with circular economy principles generate regional 
impacts and create new jobs and networks, acting as ecosystem services and providing 
direct and indirect benefits to the community and the territory [7].
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3 NACE Classification for Bioeconomy and CICES Classification 
for Ecosystem Services 

The European Commission’s broad definition of the bioeconomy encompasses many 
activities, highlighting the importance of precisely delineating its constituent sectors. 
In this endeavor, the Statistical Classification of Economic Activities in the European 
Community (NACE) plays a crucial role, offering a comprehensive framework to identify 
and quantify the diverse economic activities associated with the bioeconomy [5]. 

The NACE classification reveals two primary categories within the bioeconomy 
dimension. Firstly, activities rooted in natural resources directly exploit biological 
resources, such as agriculture, fishing, and forestry, forming the primary sectors supply-
ing biomass for subsequent processing. These activities fall under divisions A01 to A03, 
distinctly aligning with the fundamental pillars of the bioeconomy. Secondly, conven-
tional manufacturing activities that further process biomass, including sectors like food 
processing, wood processing, textiles, and chemical products, represent the central part 
of bioeconomy sectors. The NACE classification includes these activities under Section 
C, encompassing divisions C10 to C22. This classification delineates traditional sectors 
utilizing bio-based inputs and emerging activities processing biomass as a substitute for 
fossil-based raw materials: 

In addition, various service activities partially use processed biological resources. 
This list includes sectors in the following divisions: 

a. D35 (electricity, gas, steam, and air conditioning supply); 
b. F41 (construction), F42 (civil engineering); 
c. G46 (wholesale trade), G47 (retail trade); 
d. I55 (accommodation) and I56 (food and beverage service activities). 

Simultaneously, the Common International Classification of Ecosystem Services 
(CICES), established in 2009 and now in its thoroughly revised version V5.1, provides an 
alternate classification system. Rooted in the concept that ecosystem services contribute 
to human well-being, CICES defines these contributions as ‘what ecosystems do’ for 
people, distinct from the goods and benefits derived from them. The cascade mode within 
CICES classifies final ecosystem services as the direct outputs of ecosystems—natural, 
semi-natural, or highly modified—directly impacting human well-being. This model 
considers the purposes or uses of people for different types of ecosystem services and 
the specific attributes or behaviors of ecosystems that support them (Fig. 1). 

This model visualizes CICES’s overarching goal—to categorize final ecosystem 
services as the vital contributions of ecosystems (living systems) to human well-being. 

Refining the Common International Classification of Ecosystem Services (CICES) 
structure, initially proposed and further developed in version V5.1, prioritizes internal 
consistency. This hierarchical structure acknowledges the diverse thematic and spatial 
scales at which individuals operate, facilitating flexibility in aggregating classes based 
on user preferences. The compositional structure of CICES delineates the hierarchy 
into “Sections,” encompassing three main categories: “provisioning,” “regulation and 
maintenance,” and “cultural”.
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Fig. 1. The cascade model (Potschin and Haines-Young, 2016b). Note: The cascade model is 
derived from the Common International Classification of Ecosystem Services (CICES) V5.1 
Guidance on applying the Revised Structure. 

It is possible to aggregate classes differently through this hierarchy, allowing users 
to select the most beneficial [8]. The composition of the CICES classification is shown 
in the following figure (Fig. 2). 

Fig. 2. The Structure of CICES Classification V5.1. Note: The Structure of CICES is derived 
from the Common International Classification of Ecosystem Services (CICES) V5.1 Guidance on 
applying the Revised Structure. 

At the broadest level, the “Sections” provide a foundational framework, further subdi-
vided into “Divisions,” “Groups,” and “Classes.” The figure exemplifies the hierarchical 
structure focusing on Provisioning Services. As users progress from Section to Division, 
Group, and Class, services become increasingly detailed while remaining nested within 
overarching categories [7]. 

This hierarchical design aims to cater to users’ diverse needs, allowing them to 
select the appropriate level of detail for their applications [9]. The higher categories in
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CICES are exhaustive in rendering the classification applicable, covering all elements 
recognized as ecosystem services by people [10]. 

The structure also incorporates a sense of “taxonomy,” indicating conceptual simi-
larity among elements within the same Group or Class, enhancing understanding of how 
these services are utilized. CICES, being a classification system rather than an arbitrary 
nomenclature, aligns with the requirements for this pilot study in Sicily. The upcoming 
sections will reveal the data and results of applying this refined structure. 

4 Methodology and First Results 

The decision to focus on enterprises in the craftsmanship sector in Sicily stems from 
the sector’s dynamic growth, as evidenced by an increase in active enterprises and their 
widespread distribution across the region. According to data from the Chamber of Com-
merce of the Marche region [11], artisanal enterprises in Sicily grew from 71,074 in 
December 2019 to 72,022 in December 2022, indicating sustained growth despite the 
challenges posed by the pandemic. The Ente Bilaterale Artigianato Siciliano (Bilateral 
Craftsmanship Sicilian Entity, EBAS) saw a notable increase in artisan enterprises from 
3,427 in 2019 to around 10,016 in 2022 [12]. This growth positions the craftsmanship 
sector as a pivotal reference point for exploring the transition towards a bioeconomic 
model and identifying ecosystem services that contribute to well-being in the region. 
Based on a sample of 10,016 craftsmanship enterprises in Sicily, the analysis provides 
a comprehensive overview derived from EBAS data, representing approximately 14% 
of all active enterprises in Sicily based on Chamber of Commerce data. The provincial 
distribution of the reference sample highlights a concentration of companies in Palermo, 
Catania, Trapani, and Messina, as shown in Fig. 3.

Fig. 3. Authors’ elaboration based on EBAS data 2023.



98 V. Provenzano and U. Lombardo

Despite its smaller territorial size, Ragusa boasts more enterprises (677) than some 
larger provinces, emphasizing its significance in diverse areas. Before investigating the 
results, a brief methodological explanation is warranted. ISTAT and ATECO [13] codes 
were cross-referenced to identify bioeconomic companies, aligning them with NACE 
classifications. The CICES classification was employed to analyze ecosystem services, 
considering its highest hierarchical level—Cultural, Provisioning, and Regulation and 
Maintenance sections.

4.1 Sicilian Craftsmanship Enterprises in Bioeconomy 

According to the NACE classification, 2,529 companies in the sample, approximately 
25%, exhibit activities aligned with the bioeconomy. These companies demonstrate a 
clear inclination towards sectors that promote reuse, waste reduction, and innovation 
in bio-based materials, designs, and business models. The provincial distribution of 
bioeconomic enterprises shows how Palermo, Catania, and Trapani lead the way, as 
shown in Fig. 4. 

Fig. 4. Authors’ elaboration on EBAS data and NACE classification 2023. 

The subsequent graph (Fig. 5) details the distribution of companies across bioeco-
nomic activities according to the NACE classification. Notably, 54% of companies fall 
under Division C10 (food products), 18% under Division I56 (food and beverage service 
activities), and 8% under Division C16 (wood and wood products). 

These results underscore the sector’s bioeconomic potential and provide valuable 
insights for policymakers and stakeholders seeking to foster sustainable economic 
development in Sicily.
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Fig. 5. Authors’ elaboration on EBAS data and NACE classification 2023. 

4.2 The Presence of Ecosystem Services in Sicily 

Below is a table summarizing the Sicilian economic activities falling within the defi-
nition of the three ecosystems for each appropriately described section. In the case of 
the Cultural ecosystem, enterprises with ATECO codes I, R, and S are included. This 
section embraces all non-material, typically non-rival, and non-consuming products of 
ecosystems (both biotic and abiotic) that influence the physical and mental states of 
individuals. Activities with codes A, C, G, I, and N are included in the Provisioning 
ecosystem. This section encompasses all activities and sectors that generate nutritional 
and non-nutritional material, energy products from living systems, and abiotic products 
(including water). Finally, the Regulation and Maintenance section is the broadest and 
may include sectors of the other ecosystems. Indeed, it has economic activities with 
codes B, C, E, F, G, H, I, J, K, L, N, Q, and S. The reason why so many sectors are 
included is that this section encompasses all ways in which living organisms can mediate 
or moderate the environmental surroundings that affect human health, safety, or comfort, 
along with their abiotic equivalents. 

By describing each activity through the ISTAT tax code, it was possible to verify 
whether it falls within the definition of this ecosystem (Table 1). 

Moving on to the distribution of businesses by ecosystem at the provincial level, we 
can observe from the following graph (Fig. 6) that approximately 59% of enterprises 
fall into the Regulation and Maintenance section. In comparison, 21% of enterprises fall 
into the Cultural section, and 20% into the Provisioning section. Once again, Palermo, 
Trapani, and Catania are the provinces with the highest number of businesses for each 
ecosystem. The most stimulating aspect is also regarding Ragusa, which, despite being
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Table 1. Sicilian Economic Activities in CICES Classification 

Section CICES Classification Description of CICES 
classification 

ATECO Sicilian Economic 
Activities 

Cultural All the non-material, normally 
non-rival, and non-consumptive 
outputs of ecosystems (biotic 
and abiotic) affect people’s 
physical and mental states 

I (Information and 
communication services); P 
(Education); R (Artistic, 
sporting, entertainment, and 
entertainment activities); S 
(Other service activities) 

Provisioning This Section covers all 
nutritional, non-nutritional 
material, and energetic outputs 
from living systems and abiotic 
outputs (including water) 

A (Agriculture, Forestry, and 
Fishing); B (Extraction of 
Minerals from Quarries and 
Mines); C (Manufacturing 
Activities); G (Wholesale and 
retail trade; repair and 
motorcycles); I 
(Accommodation and catering 
services activities); N (Rental, 
Travel agencies, Business 
support services) 

Regulation and Maintenance All how living organisms can 
mediate or moderate the 
ambient environment that 
affects human health, safety, or 
comfort, together with abiotic 
equivalents 

B (Extraction of Minerals from 
Quarries and Mines); C 
(Manufacturing Activities); E 
(Water supply; sewerage 
networks, waste management, 
and sanitation activities); F 
(construction); G (Wholesale 
and retail trade; repair and 
motorcycles); H (Transport and 
warehousing); I 
(Accommodation and catering 
services activities); J 
(Information and 
communication services); K 
(Financial and insurance 
activities); L (Real estate 
activities); Professional, 
scientific and technical 
activities); N (Rental, Travel 
agencies, Business support 
services); Q (Health and Social 
Care); S (Other service 
activities)

smaller than other provinces, has several companies per ecosystem that is only lower 
than the fourth province, Messina. Agrigento and Caltanissetta, on the other hand, are 
the last in terms of the number of businesses per ecosystem. 
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Fig. 6. Authors’ elaboration based on EBAS data and NACE classification 2023. 

Fig. 7. Authors’ elaboration based on EBAS data and NACE classification 2023.
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In the Cultural section (Fig. 7), the provinces of Palermo (485), Catania (342), and 
Messina (254) have the highest number of activities in Category S, while the highest 
number of businesses in Category P is in the provinces of Catania (49), Messina (29), 
and Ragusa (27).

In the Provisioning section (Fig. 8), the highest number of enterprises are related 
to manufacturing, and the provinces with the most remarkable presence of businesses 
defining this ecosystem are Palermo (366), Catania (234), and Trapani (207). What stands 
out is the significant presence of the S sector in Agrigento, which is the top province 
compared to the others. 

Distribution of  Craftsmanship in Sicily - CICES Classification 

Provisioning 

Fig. 8. Authors’ elaboration based on EBAS data and NACE classification 2023. 

Regarding the Regulation and Maintenance section (Fig. 9), the main activities in 
this ecosystem are related to sectors C, G, and F. Therefore, the provinces with these 
enterprises and a significant presence in this ecosystem are Palermo, Catania, Trapani, 
and Messina. Ragusa follows closely, while Agrigento is the only one without businesses 
in sector F. 

Ultimately, the study generated and juxtaposed several maps (Fig. 10) to garner a spa-
tial perspective on the distribution of ecosystems and ecosystem services across Sicily. 
Additionally, Geographic Information System (GIS) technology facilitated a compara-
tive analysis between a map illustrating the concentration of all Sicilian craftsmanship 
enterprises in 2022 and maps representing the presence of the ecosystems. Kernel Den-
sity Estimation was used to estimate the concentration, and the radius used was the 
surface area of Sicily implemented with the Raster and Map Units mode to standardize 
the concentration relative to the overall size of Sicily.
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Distribution of  Craftsmanship in Sicily - CICES Classification 

Regulation and Maintenance 

Fig. 9. Authors’ elaboration based on EBAS data and NACE classification 2023. 

Fig. 10. Author’s elaboration based on EBAS data and NACE classification 2022.
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The bulk of business concentration is primarily observed in Palermo, Catania, 
Messina, and Trapani provinces. Ragusa also exhibits a notable concentration, whereas 
although numerous enterprises exist, the concentration could be more pronounced within 
the territory.

This corroborates the pattern of businesses aligning with the three ecosystems pri-
marily situated in the larger provinces. This observation is derived from the maps delin-
eating the distribution of firms across the Cultural, Provisioning, Regulation, and Main-
tenance sectors. Regarding enterprises inclined towards the bioeconomy, particularly in 
the larger provinces like Palermo and Catania, they exhibit the highest concentration of 
businesses. Nonetheless, additional factors beyond spatial size are necessary to elucidate 
the presence of a more significant number of companies. 

The reason is that Trapani and Ragusa are among the top provinces for the number of 
enterprises considered for bioeconomics and the three ecosystems. Instead, Agrigento, 
similar in size to Catania and Palermo, is consistently among the last provinces in terms 
of concentration and number of businesses. This could suggest that the spatial proximity 
to larger provinces with positive economic dynamics (the development of economic 
activities and the presence of companies) generates a positive and expansive effect, 
influencing the surrounding territory. 

5 Conclusions 

The analysis of ecosystem services in Sicily reveals a complex relationship with the 
potential clustering of other economic activities. Examining enterprises in the crafts-
manship sector in Sicily, particularly those falling within the bioeconomy framework 
and different ecosystem service categories, indicates notable patterns. 

First, the craftsmanship sector in Sicily has experienced growth, with an increase in 
active enterprises, reflecting resilience even during challenging times like the pandemic. 
The analysis focused on approximately 10,016 craftsmanship enterprises distributed 
across different provinces. Integrating bioeconomy concepts within the craftsmanship 
sector is evident. It highlights the sector’s potential to contribute to sustainability goals, 
promoting the reuse and reduction of waste through innovative bio-based materials, 
products, designs, and business models. The exploration of CE in Sicily, categorized 
into Cultural, Provisioning, and Regulation and Maintenance sections, provides insights 
into the spatial distribution of these services. The Palermo, Catania, Messina, and Tra-
pani provinces consistently emerge as hubs for various economic activities, including 
ecosystem services. Despite being smaller in spatial size, Ragusa demonstrates a notable 
presence in bioeconomic enterprises and ecosystem services, challenging the assump-
tion that spatial proximity alone dictates economic dynamics. The maps depicting the 
concentration of enterprises and ecosystem services in Sicily reinforce the idea that the 
larger provinces, especially Palermo and Catania, tend to have more businesses. How-
ever, the clustering of enterprises and ecosystem services is not solely determined by 
spatial size. Despite their size, Trapani and Ragusa stand out as provinces with signifi-
cant economic activity, suggesting that positive economic dynamics in larger provinces 
might positively influence nearby territories. The relationship between ecosystem ser-
vices and economic activities in Sicily underscores the importance of understanding
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the interplay between different sectors. Spatial dynamics, economic clustering, and the 
integration of sustainable practices, such as those seen in the bioeconomy and crafts-
manship sector, contribute to a nuanced perspective on regional development [14] and 
the potential for creating well-being and economic progress [15]. The analysis suggests 
that fostering sustainable practices and innovation in various economic sectors can have 
positive spillover effects, creating a more resilient and interconnected regional context. 
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