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Abstract

This paper investigates the relationship between eco-innovation and firm performance among SMEs operating
in Emilia-Romagna using data from the ECOSISTER Project, Spoke 5 — Circular Economy (C.E.) and Blue
Economy. Particular attention is devoted to the role of C.E. Investment Intensity and C.E. Human Capital (HC)
as complementary dimensions of sustainability-oriented transformation. The findings suggest that firms
progressively integrate eco-innovation, C.E. investments, and specialised HC within their development
strategies, highlighting their relevance for competitiveness and economic performance. The study contributes
to the literature on innovation, sustainability, and C.E. transitions.
Keywords: Eco-Innovation; Circular Economy; Firm Performance; Human Capital; Circular Economy
Investments; SMEs.
JEL Classification: O31; O32; Q55; Q56.

Introduction

The transition from linear production models to circular economy systems has become a central priority for
policymakers, firms, and researchers seeking to reconcile economic competitiveness with environmental
sustainability (European Commission, 2020; OECD/Eurostat, 2018). Increasing concerns regarding resource
scarcity, climate change, waste generation, and environmental degradation have stimulated increasing interest
in innovation strategies capable of supporting more sustainable production and consumption patterns (Jaffe et
al., 2005; Dechezleprétre & Sato, 2017). The relevance of sustainability transitions is further reflected in
increasing societal demand for environmentally responsible products, services, and production systems. Recent
research suggests that environmental considerations are increasingly influencing consumption patterns,
investment decisions, and firms’ strategic orientations. As sustainability concerns become more deeply
embedded within economic systems, firms are increasingly required to develop innovation capabilities capable
of responding to evolving environmental expectations while maintaining competitiveness and economic
viability. Within this context, eco-innovation has emerged as a key mechanism through which firms may
simultaneously improve environmental performance and strengthen their competitive position (Rennings,
2000; Horbach, 2008).

The rising attention devoted to environmental, social, and governance (ESG) issues has further reinforced the
strategic importance of sustainability-oriented business practices. Environmental performance is no longer
viewed exclusively as a regulatory concern but is increasingly considered a relevant dimension of firms’
competitiveness, stakeholder relationships, and long-term value creation. As a consequence, firms are under
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growing pressure to adopt innovative solutions capable of reducing environmental impacts while maintaining
economic performance.

The literature increasingly recognises that sustainability-oriented innovation extends beyond conventional
technological improvements. Eco-innovation encompasses a broad range of activities, including resource-
efficiency measures, circular products and materials, waste reduction systems, cleaner production processes,
and sustainability-oriented organisational practices (Rennings, 2000; Horbach et al., 2012; Cainelli et al.,
2020). Through these mechanisms, firms may reduce environmental impacts, improve operational efficiency,
and create new market opportunities (Ghisetti & Rennings, 2014; Antonioli et al., 2022). Consequently,
understanding the relationship between eco-innovation and firm performance has become a major research
objective within both innovation economics and circular economy studies.

Recent years have witnessed a greater recognition that sustainability transitions require not only technological
change but also profound transformations in firms’ organisational structures, investment strategies, and
knowledge bases. While early environmental management approaches primarily focused on compliance with
environmental regulations and pollution control, contemporary sustainability frameworks increasingly
emphasise proactive innovation strategies aimed at simultaneously generating environmental and economic
value. In this context, eco-innovation has emerged as a central concept linking environmental sustainability
with firms’ competitiveness and long-term development.

The circular economy paradigm further reinforces this perspective by promoting the transition from traditional
linear production systems based on extraction, production, consumption, and disposal towards regenerative
models that prioritise resource efficiency, reuse, recycling, repair, and industrial symbiosis. Rather than treating
waste as an unavoidable by-product of economic activity, circular economy approaches seek to transform
residual materials into productive resources capable of generating additional economic and environmental
benefits. Such a transition requires not only technological innovation but also organisational adaptation,
strategic investments, and the development of specialised competencies.

For SMEs, these challenges are particularly relevant. Compared with larger firms, SMEs often face greater
resource constraints, more limited access to external knowledge, and lower innovation capacities. At the same
time, their flexibility and adaptability may facilitate the adoption of sustainability-oriented business models
and innovative organisational practices. Understanding how SMEs combine eco-innovation, circular economy
investments, and human capital development therefore represents an important research priority for both
scholars and policymakers interested in sustainability transitions.

Theoretical contributions such as the Porter Hypothesis suggest that environmental challenges and
sustainability-related pressures may stimulate innovation processes capable of generating competitive
advantages (Porter & van der Linde, 1995; Ambec et al., 2011). More broadly, the innovation-performance
literature argues that innovation constitutes a strategic capability through which firms may enhance
productivity, competitiveness, and long-term growth prospects (Griliches, 1992; Hall & Rosenberg, 2010).
However, empirical evidence remains heterogeneous, with the economic effects of sustainability-oriented
innovation often depending on firms’ organisational characteristics, internal capabilities, and strategic
orientations (Cainelli et al., 2011; Ghisetti & Rennings, 2014).

Recent studies further highlight the importance of organisational learning, absorptive capacity, human capital,
and digitalisation in shaping firms’ ability to transform innovation activities into economic value (Cohen &
Levinthal, 1990; Cassiman & Veugelers, 2002; Vermeulen & Pyka, 2024). Firms characterised by stronger
internal capabilities are generally better positioned to identify, adopt, and exploit new sustainability-oriented
opportunities, thereby increasing the likelihood that innovation investments translate into competitive benefits.
Within this broader framework, circular economy investments and the development of specialised human
capital devoted to circular economy-related activities are attracting increasing attention.



Firms are progressively adopting strategies aimed at improving resource efficiency, extending product life
cycles, reducing waste generation, promoting material recovery, and fostering more circular production
systems (OECD/Eurostat, 2018; Cainelli et al., 2020). At the same time, the presence of employees specifically
engaged in circular economy-related activities may facilitate organisational learning, knowledge diffusion, and
the successful implementation of sustainability-oriented innovation strategies. Consequently, both circular
economy investments and circular economy-related human capital may represent important organisational
resources supporting firms’ competitiveness and long-term development.

Despite the rising importance of these issues, important gaps remain in understanding how eco-innovation,
circular economy investments, and circular economy-related human capital jointly contribute to firms’
economic performance. While previous studies have often focused on specific forms of environmental
innovation or individual sustainability practices, less attention has been devoted to the interaction among these
dimensions within regional sustainability transition contexts.

This study contributes to these debates by investigating the relationship between eco-innovation and firm
performance among SMEs operating in Emilia-Romagna, using firm-level evidence from the ECOSISTER
Project (Spoke 5 — Circular Economy and Blue Economy). Particular attention is devoted to the role of circular
economy investments and circular economy-related human capital as complementary elements of firms’
sustainability-oriented innovation strategies.

By focusing on a regional innovation ecosystem characterised by strong industrial specialisation and increasing
engagement with sustainability transitions, the paper contributes to the literature on circular innovation and
sustainable competitiveness. More broadly, it provides evidence relevant to policymakers and practitioners
seeking to promote circular economy transitions, strengthen firms’ innovation capacity, and support sustainable
economic development.

2. Literature Review
2.1 Eco-Innovation and Firm Performance

The relationship between innovation and firm performance represents one of the most extensively studied
topics in innovation economics. Traditional innovation theories suggest that investments in new products,
processes, and organisational practices contribute to firms’ productivity, competitiveness, and long-term
growth (Griliches, 1992; Hall & Rosenberg, 2010). Within this broader framework, eco-innovation has
emerged as a specific form of innovation aimed at simultaneously generating environmental and economic
benefits.

Rennings (2000) defines eco-innovation as innovations that reduce environmental impacts while contributing
to economic value creation. Subsequent studies have highlighted that eco-innovation extends beyond
technological change and includes organisational, managerial, and business model innovations supporting
environmental sustainability (Horbach, 2008; Horbach et al., 2012). Through improved resource efficiency,
waste reduction, cleaner production processes, and product differentiation, eco-innovation may strengthen
firms’ competitiveness and economic performance (Ghisetti & Rennings, 2014).

However, empirical evidence remains mixed. While several studies identify positive associations between
environmental innovation and firm performance (Cainelli et al., 2011; Antonioli et al., 2022), others emphasise
that the magnitude and timing of these effects depend on firm-specific characteristics, sectoral contexts, and
organisational capabilities. Consequently, understanding the conditions under which eco-innovation
contributes to firms’ economic success remains a central research challenge.



Beyond its environmental dimension, eco-innovation has increasingly been recognised as a strategic
instrument capable of supporting firms’ competitiveness in rapidly changing market environments. Increased
stakeholder attention to sustainability issues, together with rising consumer demand for environmentally
responsible products and services, has encouraged firms to integrate environmental objectives into their
innovation strategies. Eco-innovation may contribute to value creation through several mechanisms, including
cost reductions associated with resource efficiency, product differentiation opportunities, enhanced corporate
reputation, and improved relationships with customers, suppliers, and investors. As a result, sustainability-
oriented innovation is now widely regarded as a potential source of competitive advantage rather than solely
as a response to environmental pressures.

From a circular economy perspective, eco-innovation also plays a crucial role in facilitating the transition from
linear production systems towards more regenerative and resource-efficient economic models. Circular
products, sustainable materials, waste valorisation practices, and resource recovery systems often require
innovative technological and organisational solutions. Consequently, eco-innovation can be regarded as one of
the key enabling mechanisms through which firms operationalise circular economy principles and translate
sustainability objectives into concrete business practices. Understanding the relationship between eco-
innovation and firm performance therefore remains essential for evaluating whether sustainability-oriented
transformation can simultaneously generate environmental improvements and economic value creation.

The diffusion of sustainability-oriented consumption patterns may further strengthen the strategic relevance of
eco-innovation. As consumers, investors, and stakeholders increasingly value environmental performance,
firms adopting sustainability-oriented innovations may benefit not only from efficiency gains but also from
enhanced market positioning and reputational advantages. These dynamics suggest that eco-innovation
increasingly represents a strategic response to changing market expectations and may contribute to
strengthening firms’ long-term competitiveness. Such considerations provide further support for the view that
environmental sustainability and economic performance can be mutually reinforcing objectives rather than
inherently conflicting goals.

Recent contributions also suggest that environmental performance is increasingly scrutinised by a broad range
of stakeholders, including consumers, investors, policymakers, and local communities. As environmental
concerns become more salient within economic systems, firms may derive competitive advantages from the
adoption of sustainability-oriented innovations capable of improving both environmental and economic
outcomes. This perspective further supports the view that eco-innovation may represent an important
mechanism through which firms align environmental responsibility with long-term competitiveness.

2.2 The Porter Hypothesis and Sustainability-Oriented Innovation

The theoretical foundation linking environmental innovation and economic performance is closely associated
with the Porter Hypothesis (Porter & van der Linde, 1995). According to this perspective, environmental
challenges and well-designed environmental policies may stimulate innovation processes capable of improving
firms’ competitiveness.

The Porter Hypothesis is commonly distinguished into three versions. The weak version suggests that
environmental pressures stimulate innovation activities. The narrow version argues that flexible policy
instruments are particularly effective in promoting innovation. The strong version proposes that innovation
induced by environmental challenges may ultimately generate positive economic returns that compensate for
compliance costs (Ambec et al., 2011).

Several empirical studies provide evidence supporting the relationship between environmental regulation,
innovation, and competitiveness (Jaffe et al., 2005; Franco & Marin, 2017). Nevertheless, the literature also



highlights substantial heterogeneity across firms and sectors, suggesting that the economic effects of
sustainability-oriented innovation depend on firms’ capabilities, strategic orientations, and resource
endowments. Therefore, environmental innovation should not be interpreted solely as a compliance response
but rather as a potential source of competitive advantage and organisational transformation.

2.3 Circular Economy Investments and Firm Competitiveness

The transition towards circular economy systems requires not only innovation adoption but also substantial
investments aimed at transforming production processes, business models, and resource management
strategies. Circular economy investments include activities related to circular design, material recovery, waste
valorisation, product life extension, industrial symbiosis, and resource-efficiency improvements
(OECD/Eurostat, 2018).

Recent studies argue that these investments may generate both environmental and economic benefits. By
reducing material consumption, improving production efficiency, and creating new value streams from waste
recovery activities, circular economy investments may contribute to firms’ competitiveness and resilience
(Cainelli et al., 2020; Antonioli et al., 2022).

At the same time, circular economy investments often require substantial organisational commitment and long-
term strategic planning. Consequently, firms’ willingness and ability to allocate resources to circular economy
initiatives may represent an important determinant of sustainable competitiveness.

The literature increasingly highlights the importance of investments as a critical mechanism supporting
sustainability-oriented transformation processes. While eco-innovation is often analysed through the lens of
technological adoption and innovation outputs, the implementation of sustainability-oriented strategies
generally requires substantial financial and organisational commitments. Firms frequently need to invest in
new equipment, cleaner production technologies, resource-efficiency measures, waste management systems,
circular design solutions, and organisational restructuring initiatives before tangible economic or
environmental benefits can be realised.

Within the circular economy literature, investments play an even more prominent role. Circular business
models typically require changes in production processes, supply-chain relationships, product design practices,
and resource management systems. Such transformations often involve significant upfront costs and long
planning horizons. Consequently, firms’ willingness to invest in circular economy practices can be interpreted
as an indicator of their strategic commitment to sustainability transitions.

Recent studies have increasingly emphasised that circular economy investments should not be viewed
exclusively as environmental expenditures. Rather, they may generate multiple forms of value, including
resource savings, enhanced operational efficiency, improved stakeholder relationships, reputational benefits,
and new business opportunities. Investments in circular economy activities may therefore contribute to firms’
competitiveness through several complementary channels.

The relationship between circular economy investments and firm performance remains an evolving area of
research. While some studies suggest that sustainability-oriented investments may generate short-term
adjustment costs, others highlight their potential to strengthen long-term competitiveness and organisational
resilience. The emerging consensus is that investments represent a key enabling condition for the successful
implementation of sustainability-oriented innovation strategies and for the integration of circular economy
principles into firms’ development trajectories.

Accordingly, examining firms’ investment behaviour provides valuable insights into the practical
implementation of sustainability transitions and complements more traditional innovation-based measures of
environmental performance.



2.4 Human Capital, Absorptive Capacity, and Circular Economy Transition

A extensive body of literature emphasises the role of human capital and organisational capabilities in shaping
firms’ innovation performance. According to Cohen and Levinthal (1990), absorptive capacity refers to firms’
ability to recognise, assimilate, and exploit new knowledge. Human capital represents a key component of this
process because employees’ skills and competencies influence firms’ capacity to successfully adopt and
implement innovation strategies.

Sustainability transition processes place particular emphasis on human capital because many sustainability-
oriented innovations require the acquisition of new technical, managerial, and organisational competencies.
The implementation of circular economy practices frequently involves changes in production processes,
resource management systems, environmental monitoring activities, and stakeholder engagement strategies.
Consequently, firms characterised by a stronger knowledge base and a more skilled workforce may be better
positioned to identify sustainability-related opportunities, adopt innovative solutions, and effectively integrate
circular economy principles into their business models.

In the context of circular economy transitions, specialised human capital may play an even more important
role. The adoption of circular economy practices often requires new technical skills, organisational routines,
and sustainability-oriented knowledge. Employees actively engaged in circular economy-related activities may
facilitate the implementation of resource-efficiency measures, waste reduction initiatives, material recovery
systems, and other sustainability-oriented innovations.

Human capital therefore represents not only a productive resource but also a key enabling factor supporting
organisational adaptation and long-term sustainability performance. Firms investing in sustainability-related
competencies may improve their ability to absorb external knowledge, respond to regulatory and market
pressures, and develop innovative solutions capable of generating both environmental and economic value.

Recent contributions therefore suggest that firms characterised by stronger sustainability-related human capital
and organisational capabilities may be better positioned to transform circular economy initiatives into
economic value (Cassiman & Veugelers, 2002; Vermeulen & Pyka, 2024).

2.5 Regional Innovation Ecosystems and Sustainability Transitions

Eco-innovation and circular economy transitions do not occur in isolation but are embedded within broader
regional innovation ecosystems. These ecosystems provide firms with access to knowledge networks,
collaborative partnerships, research infrastructures, and policy support mechanisms that facilitate innovation
adoption and sustainability transitions.

In this regard, Emilia-Romagna represents a particularly relevant context for analysing sustainability-oriented
innovation. The region combines a strong manufacturing tradition with advanced innovation networks and
increasing engagement in circular economy policies. The ECOSISTER Project constitutes an important
example of such an innovation ecosystem, supporting collaboration among firms, universities, public
institutions, and other stakeholders involved in sustainability transitions.

Consequently, investigating the relationship between eco-innovation and firm performance within the
ECOSISTER framework contributes to a better understanding of the mechanisms supporting circular economy
transitions and sustainable competitiveness.

2.6 Research Gap and Contribution

Although the literature provides substantial evidence on eco-innovation and environmental innovation,
relatively limited attention has been devoted to the interaction between eco-innovation adoption, circular



economy investments, and circular economy-related human capital within regional sustainability transition
contexts.

This study contributes to the literature by integrating these dimensions within a unified analytical framework.
By combining evidence on innovation adoption, circular economy investments, and specialised human capital,
the paper provides a more comprehensive understanding of the organisational and strategic factors associated
with firms’ economic performance during sustainability transitions.

2.7 Research Question and Hypotheses
Building upon the previous literature, this study investigates the following research question:

RQ: To what extent are eco-innovation, circular economy investments, and circular economy-related
human capital associated with firm performance among SMEs operating in Emilia-Romagna?

To address this research question, three hypotheses are developed.
H1: Eco-Innovation and Firm Performance

H1: Firms characterised by higher levels of eco-innovation are expected to exhibit higher levels of economic
performance.

H2: Circular Economy Investments and Firm Performance

H2: Firms undertaking higher levels of circular economy investments are expected to exhibit higher levels of
economic performance.

H3: Circular Economy Human Capital and Firm Performance

H3: Firms characterised by higher levels of circular economy-related human capital are expected to exhibit
higher levels of economic performance.

3. Dataset and Variable Construction
3.1 Dataset and Sample Description

The empirical analysis is based on firm-level data collected within the ECOSISTER Project (Ecosystem for
Sustainable Transition in Emilia-Romagna), funded under the Italian National Recovery and Resilience Plan
(PNRR). More specifically, the study draws upon the survey developed within Spoke 5 “Circular Economy
and Blue Economy”, which investigates firms’ sustainability-oriented innovation activities, circular economy
practices, organisational capabilities, and economic performance.

The survey covers a large sample of small and medium-sized enterprises (SMEs) operating in Emilia-Romagna
across different manufacturing and service sectors. It provides detailed information on firms’ innovation
strategies, sustainability investments, organisational characteristics, digitalisation, internationalisation, and
economic outcomes. Consequently, the dataset offers a unique opportunity to investigate the relationship
between eco-innovation, circular economy transition, and firm performance within a regional sustainability-
oriented innovation ecosystem.



Table 1. Description of the Main Variables

Variable Description Measurement ECOSISTER Survey Question
Eco-Innovation Index capturing firms’ adoption
of sustainability-oriented innovations, Princial
. . . . o rincipa . — . .
including actions related to climate mitigation, C P ¢ “Avete intrapreso azioni specifiche relative
. . . omponen . e oy L
ECO_INNOV climate adaptation, sustainable use of water P agli ambiti di sostenibilita previsti dal

PERF CURRENT

PERF_EXPECTED through

CE_INVEST

CE_HCAP

SIZE

DIGITAL

EXPORT

SUST COMM

INNOV

resources, circular economy transition,
pollution  prevention, and  biodiversity
protection.

Current economic performance measured Continuous

through firms’ current turnover growth. variable

Expected economic performance measured .
Continuous

robability-weighted expected .

P Rl & P variable
turnover growth.
Circular Economy Investment Intensity
capturing firms’ investments in circular

economy practices, including circular design,
material recovery, waste reduction, repair
activities, product life extension, industrial
symbiosis, and other
initiatives.

(PCA-based)

circular economy

Circular Economy Human Capital measuring

the number of employees devoting more than

50% of their working time to circular economy- Continuous
related activities. It is interpreted as a proxy for variable
sustainability-oriented human capital and

absorptive capacity.

Firm size measured as the natural logarithm of Continuous

the total number of employees plus one. variable

Degree of firms’ digitalisation and Industry 4.0 Composite Index

adoption. / Dummy

Export propensity capturing firms’ exposure to Continuous

international markets. variable
Sustainability Communication Index

measuring firms’ communication of
sustainability-related practices and Composite Index
environmental commitments to external

stakeholders.

General innovation activity capturing firms’
introduction of innovations during the period

2019-2024. / Dummy

Analysis (PCA)

Composite Index

Regolamento?”

“Rispetto all’anno precedente, qual ¢ stato il
tasso di variazione percentuale del fatturato?”

“Pensando all’anno prossimo, a quale tasso di
variazione percentuale del fatturato potrebbe
degli
indicati?” combined with “Quale probabilita

corrispondere  ciascuno scenari
di realizzazione assegnercbbe ai tassi di

variazione del fatturato da Lei indicati?”

“Tipo di interventi passati e/o futuri:

specificare se si ¢ investito o si investira nei

Composite Index prossimi 5 anni in azioni associate ai seguenti

ambiti di  sostenibilita  previsti  dal
Regolamento” (items related to Transition to

a Circular Economy)

“Attualmente nella vostra impresa quanti
dipendenti dedicano piu del 50% del loro
collegate
comunque  si

tempo ad attivita specifiche

all’economia circolare o
occupano

circolari?”

di produzione con metodi

“Al 31/12/2023, quanti sono i lavoratori
dipendenti dell’impresa?”’

“Negli ultimi cinque anni I’impresa ha
effettuato acquisti di beni materiali o
immateriali o di servizi relativi alle seguenti
aree tecnologiche da utilizzare per le proprie
attivita?”

Share of turnover generated through foreign
markets (if available in the final dataset).

“Quali sono gli strumenti utilizzati per
comunicare all’esterno elementi connessi ai
processi di sostenibilita sviluppati?”

“Negli ultimi cinque anni (2019-2024) la Sua
impresa ha introdotto le  seguenti

innovazioni?”




Variable Description Measurement ECOSISTER Survey Question

“Quale dei seguenti ecosistemi industriali S3
rappresenta lattivita principale della Sua
impresa?”’

Sectoral fixed effects controlling for structural Categorical

SECTOR FE . . . .
differences across industries. variable

Notes: The table reports descriptive statistics for the explanatory, dependent, and instrumental variables, as well as for the controls
used in the analysis, expressed as dummy, continuos v. or index-based measures (means). All variables are constructed from the
ECOSISTER survey questionnaire.”

3.2 Dependent Variables
The analysis considers two complementary indicators of firm performance.

The first indicator captures firms’ current economic performance and is measured through current turnover
growth (PERF_CURRENT), derived from question I2A of the ECOSISTER survey.

The second indicator captures firms’ expected economic performance and is measured through probability-
weighted expected turnover growth (PERF_EXPECTED), constructed from questions I12B and I12C. This
variable reflects firms’ expectations regarding future competitiveness and growth prospects and is particularly
relevant because the benefits associated with sustainability-oriented innovation may emerge over longer time
horizons.

3.3 Eco-Innovation

The main explanatory variable is Eco-Innovation (ECO INNOV). The variable is constructed through
Principal Component Analysis (PCA) using information contained in question E1 of the ECOSISTER survey.

The index captures firms’ adoption of sustainability-oriented innovations, including circular products and
materials, resource-efficiency improvements, waste reduction practices, cleaner production systems, and
environmentally oriented organisational strategies. Consistent with the eco-innovation literature, the use of
PCA allows the multidimensional nature of eco-innovation to be summarised into a single synthetic indicator.

Higher values of ECO_INNOYV indicate greater engagement in eco-innovation and circular economy-related
innovation activities.

3.4 Circular Economy Investment Intensity

To complement the eco-innovation indicator, the analysis introduces Circular Economy Investment Intensity
(CE_INVEST).

The variable is constructed from question E4, specifically from items E4.14—E4.25 corresponding to the
“Transition to a Circular Economy” objective. These items capture firms’ past and expected investments in
circular economy-related activities, including circular product design, biodegradable materials, material reuse,
waste recovery, product life extension, repair activities, industrial symbiosis, and waste reduction initiatives.

A composite indicator is constructed through Principal Component Analysis (PCA) in order to synthesise
firms’ overall commitment to circular economy transition pathways. Higher values of CE_INVEST indicate
greater investment intensity in circular economy-related activities.

3.5 Circular Economy Human Capital

b The Ecosister questionnaire is available upon request.



The analysis additionally incorporates Circular Economy Human Capital (CE_HCAP).

The variable is derived from question F2 of the ECOSISTER survey and measures the number of employees
devoting more than 50% of their working time to circular economy-related activities within the firm.

CE_HCAP is interpreted as a proxy for firms’ sustainability-oriented human capital and absorptive capacity.
The presence of specialised personnel dedicated to circular economy activities may facilitate organisational
learning, knowledge accumulation, and the successful implementation of sustainability-oriented innovation
strategies. Consequently, CE_HCAP captures an important organisational capability supporting firms’
transition towards more circular and sustainable business models.

Higher values indicate a larger stock of circular economy-related human capital within the firm.
3.6 Control Variables

Several control variables are included to account for firm heterogeneity and factors commonly associated with
innovation and performance.

+ Firm Size (SIZE) is measured as the natural logarithm of the number of employees plus one (C1).
Larger firms generally possess greater financial resources, managerial capabilities, and innovation
capacity.

« Digitalisation (DIGITAL) is derived from question I3 and captures firms’ adoption of digital
technologies and Industry 4.0-related practices. Digitalisation may facilitate the implementation of
sustainability-oriented innovations and improve firms’ operational efficiency.

« Export Propensity (EXPORT) is measured using question IS5 and captures firms’ exposure to
international markets. Export-oriented firms may face stronger competitive pressures and possess
greater incentives to innovate.

+ Research and Development (R&D) is derived from question E2 and measures firms’ engagement in
research and development activities aimed at knowledge creation and technological upgrading.

< Sustainability Communication (SUST_COMM) is constructed using question H2 and captures
firms’ communication of sustainability-related practices and environmental commitments. Firms
actively communicating sustainability initiatives may display stronger engagement in eco-innovation
and circular economy activities.

+ Finally, Sector Fixed Effects (SECTOR FE) are included using information from question Q2.2 to

account for structural differences across industries.

3.7 Descriptive Evidence on Sustainability-Oriented Investments

Figures 1 and 2 provide a preliminary visual overview of firms’ investment patterns in climate change
mitigation and circular economy activities, respectively. Building upon this graphical evidence, Tables 2 and
3 offer a more detailed description of the investment categories considered in the ECOSISTER survey. Overall,
the data reveal a clear increase in expected future investments (2024-2028) compared with those undertaken
during the 2019-2023 period, suggesting a growing commitment of SMEs towards sustainability-oriented
innovation and circular economy transition pathways.



Figure 1. Investments in Climate Change Mitigation Activities among SMEs in Emilia-Romagna

Ambito 1:mitigazione dei cambiamenti climatici
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Source: ECOSISTER survey data (Spoke 5 — Circular Economy and Blue Economy).

Figure 1 illustrates firms’ investments in climate change mitigation activities undertaken during 2019-2023
and those planned for 2024-2028. The results show a general increase in expected future investments,
highlighting the increasing relevance of climate-related strategies among SMEs. The most widespread
investment areas concern energy efficiency improvements in equipment, machinery, and production processes,
followed by investments in renewable energy adoption, low-carbon technologies, and carbon absorption
solutions. The evidence suggests that firms increasingly view climate change mitigation investments not only
as environmental actions but also as strategic initiatives capable of supporting competitiveness, energy
transition, and long-term sustainability objectives.

Table 2. Investments in Climate Change Mitigation Activities: Past Investments (2019—2023) and Expected
Investments (2024—2028).

Ambito 1:

mitigazion

e dei

cambiame

nti

climatici
Produzione Efficientame Efficientamento Adozione di Adozione di
e nto di Utilizzo di  Efficientamen dell'utilizzo di tecnologie a bassa modelli e
distribuzio attrezzature/  energia to dell'utilizzo energia elettrica di emisisone di tecnologie
ne di macchine/me rinnovabile diacquanel  qualsivoglia fonte carbonio per il per
energia zzi di nel processo processo nel processo trasporto e la l'assorbiment
rinnovabile trasporto produttivo  produttivo produttivo mobilita 0 di CO2

Ha

investito

tra 2019- 348 449 301 169 301 162 55

2023

Investira

tra 2024- 434 969 569 250 667 488 217

2028

Ha 17% 23% 15% 8% 15% 8% 3%

investito



tra 2019-

2023

Investira

tra 2024- 22% 49% 29% 13% 34% 25% 11%
2028

1990

Note: Percentages refer to firms investing during 2019-2023 and planning investments for 2024-2028. Source: ECOSISTER survey.

Table 2 provides a more detailed breakdown of investments associated with climate change mitigation. The
results indicate that energy efficiency improvements represent the most widespread investment area,
particularly with respect to equipment, machinery, and production processes. Investments related to renewable
energy adoption, energy-saving technologies, low-carbon technologies, and carbon absorption solutions are
also expected to increase substantially over the next five years. Overall, the evidence suggests that firms
increasingly perceive climate-related investments as strategic instruments for improving both environmental
sustainability and long-term competitiveness.

Figure 2. Investments Related to the Transition towards a Circular Economy: Past Investments (2019-2023)
and Expected Investments (2024-2028).
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Table 3. Investments Related to the Transition towards a Circular Economy: Past Investments (2019-2023)
and Expected Investments (2024-2028).

Scope 4:
Transitio
ntoa
circular
economy
Redu Recovering Repair  Customer
ction Useof Reus products Use of local goods and  ing support Internal Documented Documented Reduction  Transferri
mater biodeg eof  that service providers and defecti  for circular  social/enviro social/enviro of waste ng its own
ial radable waste customers  other measures to ve product econom nmental nmental emitted waste to
desig materi mater no longer reduce the impact of materi  life y impact impact even with other
n als ials use transportation als extension training assessments. assessments incineration enterprises
Invested
'z’gtlvgf‘e“ 10% 9%  15% 7% 15% 15% 9% 7% 6% 2% 7% 14%
2023
Will
invest
between 26% 24%  29% 17% 33% 27% 19% 28% 19% 12% 17% 29%
2024-
2028

Note: Percentages refer to firms investing during 2019-2023 and planning investments for 2024—2028 in circular economy-related
activities. Source: ECOSISTER survey.

While Figure 1 and Table 2 focus on climate change mitigation, Figure 2 and Table 3 shift attention towards
investments supporting the transition to a circular economy. These investments capture a broader set of
sustainability-oriented strategies aimed at improving resource efficiency, extending product lifecycles,
reducing waste generation, and promoting industrial symbiosis.

Figure 2 compares the percentage of SMEs that invested in circular economy-related activities during 2019—
2023 with those planning to invest during 2024-2028. Across all investment categories, expected future
investments exceed past investments, indicating a stronger commitment to circular economy transition
pathways. The largest increases are observed in activities related to the repair of defective materials, internal
circular economy training, waste reuse, waste transfer to other enterprises, and the use of local suppliers.
Substantial expansion is also evident in circular design practices, biodegradable materials, product recovery
systems, and product life-extension initiatives. Overall, the figure suggests that firms are progressively
adopting more integrated and systemic circular economy strategies, moving beyond traditional environmental
management practices.

Table 3 specifically examines investments related to the transition towards a circular economy. The results
highlight increasing engagement in circular design strategies, material reuse, repair activities, product life
extension, industrial symbiosis practices, and circular economy training initiatives. Particularly strong growth
is observed for investments in the use of local suppliers, waste reuse, waste transfer to other firms, and internal
circular economy training. These patterns suggest that firms are progressively moving beyond traditional
environmental compliance approaches and are increasingly adopting more systemic circular economy
strategies.

The descriptive evidence also provides empirical support for the construction of the Circular Economy
Investment Intensity (CE_INVEST) variable. The widespread adoption of multiple circular economy practices
confirms the multidimensional nature of firms’ sustainability investments and justifies the use of a composite
indicator to capture their overall commitment to circular economy transition pathways. Furthermore, the
increasing prominence of internal circular economy training and specialised personnel devoted to circular
economy activities underscores the role of Circular Economy Human Capital (CE_HCAP) as an organisational
capability supporting sustainability-oriented innovation and competitiveness.



Overall, the evidence suggests that SMEs in Emilia-Romagna are increasingly investing in both environmental
and circular economy initiatives, reinforcing the view that sustainability transitions involve not only
technological innovation but also organisational transformation, capability development, and long-term
strategic commitment. These findings further support the relevance of CE_INVEST and CE_HCAP as key
dimensions of firms’ sustainability-oriented development trajectories.Questa versione corregge anche
l'inversione tra Figure 1 e Figure 2 e crea un collegamento logico molto piu forte tra grafici, tabelle,
CE_INVEST e CE_HCAP.

4. Methodological Approach

This study adopts a firm-level empirical approach to investigate the relationship between eco-innovation,
circular economy investments, circular economy-related human capital, and firms’ economic performance
within the Emilia-Romagna regional innovation ecosystem.

The analysis is based on data collected through the ECOSISTER survey and combines information on
sustainability-oriented innovation activities, circular economy practices, organisational capabilities, and
economic performance. Particular attention is devoted to understanding how different dimensions of
sustainability transition coexist within firms and contribute to shaping their competitiveness.

A multidimensional perspective is adopted throughout the analysis. Eco-innovation is interpreted as a broad
organisational and technological phenomenon encompassing circular products and materials, resource-
efficiency improvements, waste reduction practices, and sustainability-oriented business strategies. Circular
economy investments are analysed as indicators of firms’ commitment to long-term sustainability transition
pathways, while circular economy-related human capital reflects the presence of specialised personnel engaged
in circular economy activities and organisational learning processes.

The methodological framework combines composite indicators and firm-level variables to capture the different
dimensions of sustainability-oriented transformation. Principal Component Analysis (PCA) is employed to
construct synthetic indicators of eco-innovation and circular economy investment intensity, allowing multiple
sustainability-related dimensions to be summarised within a smaller number of variables while preserving the
information contained in the original survey items.

The analysis proceeds through a descriptive and comparative examination of the main variables included in
the study. Particular attention is devoted to identifying patterns of sustainability-oriented behaviour among
firms and to exploring the relationships between innovation activities, circular economy investments,
organisational capabilities, and economic performance.

In addition, descriptive evidence on firms’ sustainability investments is used to contextualise the broader
empirical analysis. The investment patterns observed within the ECOSISTER sample provide useful insights
into the ongoing sustainability transition of SMEs operating in Emilia-Romagna and help interpret the role of
circular economy strategies within firms’ development trajectories.

Overall, the methodological approach adopted in this study aims to provide a comprehensive understanding of
the organisational, strategic, and innovation-related dimensions associated with circular economy transition
processes. By integrating perspectives from innovation economics, circular economy studies, and
organisational capability theory, the analysis contributes to a broader understanding of how sustainability-
oriented practices may support firms’ competitiveness and long-term development.

5. Results



5.1 Eco-Innovation and Sustainability-Oriented Transformation

The evidence collected through the ECOSISTER survey highlights the strategic importance of sustainability-
oriented innovation among SMEs operating in Emilia-Romagna. Firms report the adoption of practices
associated with environmental sustainability, resource efficiency, waste reduction, and circular economy
principles with increasing frequency. These activities extend beyond traditional technological innovation and
include organisational changes, sustainability-oriented business practices, and the introduction of circular
products and materials.

The Eco-Innovation Index reveals substantial heterogeneity across firms, suggesting that sustainability-
oriented innovation is not uniformly distributed within the regional innovation ecosystem. While some firms
display a relatively limited engagement in eco-innovation activities, others appear to have integrated
sustainability considerations into broader organisational and strategic processes. This evidence confirms the
multidimensional nature of eco-innovation highlighted in the literature and supports the view that
sustainability-oriented innovation represents an increasingly important component of firms’ development
strategies.

5.2 Circular Economy Investments

The descriptive evidence reveals an increasing commitment of firms towards circular economy transition
pathways. As illustrated by the investment patterns reported in Tables 2 and 3, expected future investments
generally exceed those undertaken during the previous period, indicating increasing attention to sustainability-
oriented transformation.

Particularly strong investment dynamics emerge in areas related to resource efficiency, circular design, waste
reduction, material recovery, and industrial symbiosis. Firms also report increasing interest in renewable
energy adoption, low-carbon technologies, and other initiatives aimed at reducing environmental impacts while
improving resource productivity.

These findings suggest that circular economy investments are increasingly perceived as strategic rather than
merely compliance-oriented activities. The evidence points towards a gradual integration of circular economy
principles into firms’ long-term development strategies and business models.

5.3 Circular Economy Human Capital

The results additionally highlight the expanding importance of human capital within circular economy
transition processes. The presence of employees specifically dedicated to circular economy-related activities
suggests that sustainability transitions increasingly involve organisational transformation alongside
technological and operational changes.

Firms characterised by greater engagement in circular economy activities often report the presence of
specialised personnel involved in sustainability-related tasks, resource management, waste reduction practices,
and circular production systems. This finding is consistent with the literature on absorptive capacity and
organisational learning, which emphasises the importance of human capital in facilitating innovation adoption
and knowledge diffusion within firms.

The evidence therefore suggests that sustainability-oriented competencies may represent an important
organisational resource supporting the implementation of eco-innovation and circular economy practices.

5.4 Sustainability Communication and Organisational Capabilities

The survey data also reveal substantial variation in firms’ sustainability communication practices. A rising
number of firms actively communicate sustainability-related initiatives, environmental commitments, and
circular economy strategies to external stakeholders.



Such communication activities may reflect broader organisational capabilities and strategic orientations
towards sustainability. Together with digitalisation and other organisational characteristics, these practices
contribute to the emergence of more sustainability-oriented business models and organisational structures.

The findings indicate that sustainability transitions involve not only technological innovation but also
organisational adaptation, stakeholder engagement, and knowledge-related capabilities.

6. Discussion

The findings presented in the previous section provide several insights into the role of eco-innovation, circular
economy investments, and circular economy-related human capital within firms’ sustainability transition
processes. Overall, the evidence suggests that sustainability-oriented transformation is not limited to the
adoption of isolated environmental practices but increasingly involves broader organisational, strategic, and
investment-related dimensions.

First, the widespread adoption of eco-innovation practices observed within the ECOSISTER sample is
consistent with the developing body of literature identifying sustainability-oriented innovation as a key
component of firms’ competitiveness and long-term development (Rennings, 2000; Horbach et al., 2012;
Ghisetti & Rennings, 2014). The results indicate that firms are increasingly integrating environmental
objectives into their innovation strategies through resource-efficiency measures, cleaner production processes,
circular products, and waste reduction initiatives. This evidence supports the view that eco-innovation is
becoming progressively embedded within firms’ broader strategic orientations rather than being treated solely
as an environmental compliance mechanism.

Second, the deepening importance of circular economy investments reinforces recent arguments suggesting
that sustainability transitions require substantial organisational and financial commitments. The descriptive
evidence reveals increasing investments in circular design, material recovery, waste valorisation, industrial
symbiosis, and resource-efficiency improvements. Such patterns are consistent with the circular economy
literature, which emphasises the importance of transforming production systems from linear to circular models
capable of reducing resource consumption while generating economic value (OECD/Eurostat, 2018; Cainelli
et al., 2020). Rather than representing isolated environmental actions, these investments appear to form part of
broader transition strategies aimed at enhancing firms’ resilience and long-term competitiveness.

Third, the results highlight the relevance of circular economy-related human capital. The presence of
employees specifically engaged in circular economy activities suggests that sustainability transitions
increasingly depend on organisational capabilities and specialised knowledge. This finding is particularly
consistent with the absorptive capacity framework developed by Cohen and Levinthal (1990), according to
which firms’ ability to identify, assimilate, and exploit new knowledge depends critically on the competencies
embedded within their workforce. Sustainability-oriented innovation therefore appears to require not only
technological adoption but also the development of organisational capabilities capable of supporting learning,
adaptation, and knowledge integration processes.

The evidence additionally highlights the interconnected nature of the three dimensions examined in this study.
Eco-innovation, circular economy investments, and circular economy-related human capital should not be
interpreted as independent phenomena but rather as complementary components of firms’ sustainability-
oriented transformation processes. Firms investing in circular economy initiatives often require specialised
personnel and organisational capabilities to successfully implement innovation activities, while eco-innovation
itself may create additional incentives for further investments and capability development. This
interconnectedness supports a systemic interpretation of sustainability transitions, whereby technological,
organisational, and human dimensions evolve jointly.



From a theoretical perspective, the findings are broadly consistent with the Porter Hypothesis (Porter & van
der Linde, 1995). Although the present study does not aim to establish causal relationships, the evidence
suggests that environmental and circular economy strategies may be associated with broader processes of
organisational renewal and competitiveness enhancement. Sustainability-oriented innovation therefore appears
not only as a response to environmental challenges but also as a potential source of strategic opportunities and
competitive differentiation.

The findings also highlight the importance of regional innovation ecosystems in supporting sustainability
transitions. The ECOSISTER framework provides an example of how collaboration among firms, universities,
research centres, and public institutions may facilitate the diffusion of sustainability-oriented knowledge and
innovation practices. In this regard, the Emilia-Romagna context appears particularly conducive to the
development of circular economy initiatives and sustainability-oriented innovation pathways.

Beyond the role of regional innovation ecosystems, sustainability-oriented transformation should not be
interpreted solely as an internal organisational process. Firms increasingly operate in environments
characterised by stronger stakeholder expectations regarding environmental responsibility and sustainable
business conduct. Consequently, investments in eco-innovation, circular economy practices, and sustainability-
related human capital may also reflect firms’ efforts to respond to evolving external pressures while preserving
competitiveness and long-term growth opportunities. This perspective reinforces the view that sustainability
transitions are shaped not only by internal organisational capabilities but also by broader economic,
institutional, and societal dynamics.

The analysis also highlights the strategic complementarity between innovation activities, investments, and
human capital development. Sustainability transitions are frequently described as multidimensional processes,
yet empirical studies often examine these dimensions separately. The evidence presented in this study suggests
that a more integrated perspective may be necessary to understand how firms effectively implement
sustainability-oriented transformation pathways.

Eco-innovation activities, circular economy investments, and specialised human capital appear to reinforce
one another through cumulative processes of organisational learning and capability development. Investments
create the conditions necessary for the adoption of new technologies and sustainability-oriented practices,
while human capital provides the knowledge and competencies required for their implementation and
continuous improvement. At the same time, innovation activities may stimulate additional investments and
learning processes, generating positive feedback mechanisms within firms.

This interpretation is consistent with resource-based and capability-based perspectives of the firm, according
to which long-term competitiveness depends on the ability to combine tangible and intangible resources in a
coherent and complementary manner. Sustainability transitions therefore appear to involve not only the
adoption of specific technologies or environmental practices but also the development of broader
organisational capabilities capable of supporting continuous adaptation and innovation.

From this perspective, eco-innovation, circular economy investments, and circular economy-related human
capital can be interpreted as mutually reinforcing components of firms’ sustainability-oriented development
strategies. Their combined presence may contribute to strengthening firms’ resilience and adaptive capacity in
increasingly complex and sustainability-oriented competitive environments.

Finally, several limitations should be acknowledged. The analysis relies on cross-sectional survey data and
therefore does not allow the observation of sustainability transitions over time. Furthermore, self-reported
information may be affected by perception and reporting biases. Future research could build upon these
findings by adopting longitudinal approaches, sector-specific analyses, and comparative studies across



different regional innovation ecosystems. Additional research may also further investigate the interactions
between circular economy investments, human capital development, and innovation performance within
sustainability transition processes.

Overall, the results reinforce the view that sustainability transitions are multidimensional phenomena involving
technological innovation, organisational transformation, strategic investments, and human capital
development. Understanding how these dimensions interact remains crucial for supporting firms’
competitiveness and promoting the transition towards more sustainable and circular economic systems.

7. Limitations

Several limitations of this study should be acknowledged. First, the analysis relies on cross-sectional survey
data collected within the ECOSISTER Project and therefore does not allow the investigation of the dynamic
evolution of eco-innovation, circular economy investments, and human capital over time. Consequently, the
findings should be interpreted as descriptive evidence of firms’ sustainability-oriented transformation rather
than as evidence of causal relationships.

Second, the study is based on self-reported information provided by firms. Although survey data represent a
valuable source of information for investigating organisational and sustainability-related practices, responses
may be affected by reporting biases, subjective perceptions, or differences in respondents’ interpretations of
survey questions.

Third, the analysis focuses on SMEs operating in Emilia-Romagna. While this regional context represents an
important and highly innovative industrial ecosystem, the findings may not be fully generalisable to firms
operating in different institutional, economic, or geographical contexts.

Finally, some relevant dimensions of firms’ competitiveness and sustainability performance may not be fully
captured by the available survey information. Factors such as managerial quality, organisational culture,
external market conditions, and technological opportunities may also influence firms’ sustainability-oriented
strategies and economic performance.

Despite these limitations, the ECOSISTER dataset provides a unique opportunity to explore the interactions
between eco-innovation, circular economy investments, human capital, and firm performance within a large
sample of SMEs, offering valuable insights into ongoing sustainability transition processes.

8. Future Research Developments

The findings of this study open several promising avenues for future research on sustainability-oriented
innovation, circular economy transition pathways, and firms’ competitiveness.

First, future studies could extend the present analysis through the collection of longitudinal data, allowing
researchers to investigate how eco-innovation, circular economy investments, and circular economy-related
human capital evolve over time. Longitudinal evidence would contribute to a deeper understanding of the
dynamic mechanisms linking sustainability-oriented innovation and firms’ economic performance, particularly
in relation to the timing and persistence of innovation-related benefits.

Second, future research could further explore the role of human capital and organisational capabilities within
sustainability transitions. While the present study focuses on personnel directly involved in circular economy
activities, additional analyses could investigate the contribution of specific competencies, sustainability-
oriented training programmes, managerial capabilities, and organisational learning processes. Such research



would provide valuable insights into the mechanisms through which firms develop the absorptive capacity
required to successfully implement sustainability-oriented innovations.

Third, future studies may examine the interaction between eco-innovation and environmental policy
frameworks. In particular, greater attention could be devoted to firms’ awareness of sustainability regulations,
circular economy incentives, climate policies, and sustainable finance instruments. Understanding how policy
signals influence firms’ innovation behaviour remains a relevant research area for both innovation economics
and sustainability transition studies.

A particularly promising research direction concerns the integration of circular economy innovation and
environmental-economic assessment methodologies. Future work could combine firm-level innovation
analyses with Life Cycle Assessment (LCA), Cost—Benefit Analysis (CBA), and Environmental Net Present
Value (ENPV) approaches in order to evaluate both the environmental and economic implications of
sustainability-oriented innovations. Such an integrated framework would facilitate the assessment of private
and social benefits associated with circular economy transition pathways.

Within this context, future research may investigate the adoption of green chemistry solutions and low-carbon
industrial applications. Particular attention could be devoted to Natural Deep Eutectic Solvents (NADES) and
other bio-based solvent systems as potential substitutes for conventional fossil-based solvents. The recovery
and valorisation of carbonate and bicarbonate compounds from industrial and agro-industrial processes may
represent an additional area of interest, supporting circular economy strategies and industrial symbiosis
initiatives.

More broadly, future studies could contribute to bridging green chemistry, innovation economics, and
sustainability assessment. Integrating firm-level innovation behaviour, environmental performance evaluation,
and economic appraisal methodologies would provide a more comprehensive understanding of sustainability
transitions and support evidence-based policymaking.

Finally, comparative analyses across different regional innovation ecosystems would further enhance
understanding of the contextual factors influencing eco-innovation adoption and circular economy transition
processes. Comparing firms operating in different institutional, industrial, and policy environments could help
identify the conditions under which sustainability-oriented innovation most effectively contributes to firms’
competitiveness and long-term development.

Overall, future research should continue to adopt interdisciplinary perspectives capable of integrating
technological, organisational, environmental, and economic dimensions. Such approaches are essential for
understanding the complex processes underlying sustainability transitions and for supporting the development
of more resilient, circular, and low-carbon economic systems.

9. Conclusions

This study investigated the role of eco-innovation, circular economy investments, and circular economy-
related human capital within firms’ sustainability transition processes, focusing on a large sample of SMEs
operating in Emilia-Romagna and participating in the ECOSISTER Project (Spoke 5 — Circular Economy and
Blue Economy).

The research was motivated by the growing interest in understanding how sustainability-oriented innovation
contributes to firms’ competitiveness and long-term development. Building upon the literature on eco-
innovation, circular economy transition pathways, organisational capabilities, and innovation economics, the
study explored the relationships between firms’ innovation activities, sustainability investments, human
capital, and economic performance.



The findings highlight the increasing importance of eco-innovation within firms’ strategic development
trajectories. Sustainability-oriented innovation is no longer limited to the adoption of isolated environmental
practices but increasingly encompasses broader organisational, technological, and managerial transformations.
Firms are progressively integrating resource-efficiency measures, circular products and materials, waste
reduction initiatives, and sustainability-oriented business strategies into their operational and strategic
decision-making processes.

The analysis also emphasises the rising relevance of circular economy investments. The descriptive evidence
suggests that firms are increasingly committing resources to circular economy transition pathways through
investments in circular design, material recovery, industrial symbiosis, waste reduction, and other
sustainability-oriented initiatives. Such investments appear to form part of broader organisational strategies
aimed at improving resilience, resource productivity, and long-term competitiveness.

A further contribution of the study concerns the role of Circular Economy Human Capital. The presence of
employees specifically dedicated to circular economy-related activities highlights the importance of
organisational capabilities and specialised knowledge within sustainability transitions. This finding reinforces
the view that successful sustainability-oriented innovation requires not only technological change but also
human capital development, organisational learning, and absorptive capacity.

More broadly, the results support the interpretation of sustainability transitions as multidimensional processes
involving technological innovation, organisational transformation, strategic investments, and human capital
development. Eco-innovation, circular economy investments, and circular economy-related human capital
emerge as complementary dimensions of firms’ broader sustainability-oriented development trajectories rather
than isolated phenomena.

From a theoretical perspective, the study contributes to the literature on innovation economics and circular
economy transitions by integrating technological, organisational, and human capital dimensions within a
common analytical framework. The findings also reinforce the importance of considering sustainability-
oriented innovation as a strategic component of firms’ competitiveness and long-term development rather than
solely as a response to environmental challenges.

From a policy perspective, the evidence highlights the importance of regional innovation ecosystems in
supporting sustainability transitions. Initiatives such as ECOSISTER can play a crucial role in fostering
collaboration among firms, universities, research institutions, and policymakers, thereby facilitating the
diffusion of sustainability-oriented knowledge, circular economy practices, and innovation capabilities.

Overall, the study contributes to a better understanding of the organisational and strategic dimensions of
sustainability transitions among SMEs. As environmental challenges and circular economy objectives become
increasingly central to economic development strategies, understanding the interactions between eco-
innovation, circular economy investments, human capital, and competitiveness will remain an important
priority for both researchers and policymakers. The evidence presented in this paper suggests that firms’ ability
to combine these dimensions may represent a key element in the transition towards more sustainable, resilient,
and competitive economic systems.
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