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A B S T R A C T

The global shift toward the twin transition requires firms to integrate digital transformation and sustainability 
into a unified strategic framework. Within this context, the wine industry represents a particularly relevant field 
of observation due to its strong dependence on natural resources, high exposure to climate variability, and 
growing external pressure to enhance environmental performance. This study investigates the interplay between 
Industry 4.0 technologies and Circular Economy strategies in leading multinational wine enterprises, with the 
aim of understanding how such integration facilitates sustainable transformation. Through a multiple case study 
of three major Italian wine companies, this research investigates the technological and strategic mechanisms by 
which firms operationalize Circular Economy principles. A three-dimensional qualitative assessment was con
ducted through focus groups to evaluate each company’s level of digital enablement, technological diversity, and 
alignment with the hierarchy of circular strategies. The findings reveal that the interaction between digitalization 
and circularity is not linear but strategically differentiated across firms. Three distinct digital-circular pathways 
are identified: data-driven prevention, automation-driven recovery, and governance-oriented efficiency. The 
study highlights that sustainable transformation emerges from strategic alignment between digital and circular 
initiatives rather than from the mere magnitude of technological adoption. These results provide novel insights 
into how technology, governance, and circular practices jointly shape sustainable competitiveness, offering 
actionable guidance for managers aiming to foster innovation and enhance environmental performance across 
industrial ecosystems.

1. Introduction

The global economic landscape is increasingly defined by the 
imperative of the “twin transition”, demanding that firms simulta
neously pursue rapid digitalization and the deep integration of sus
tainability principles [1]. This dual mandate requires a systemic 
redesign of operations, leveraging Industry 4.0 (I4.0) technologies to 
effectively enact the strategies of the Circular Economy (CE) [2]. The CE, 
defined by its comprehensive R-strategies hierarchy (R0-R9), provides 
the strategic blueprint for decoupling economic growth from resource 
consumption, while advanced digital technologies furnish the organi
zational tools to monitor, optimize and validate these efforts across 
complex value chains [3]. This framework, central to operationalizing 

CE objectives, provides a structured approach to implementing CE 
principles, guiding firms toward more regenerative systems [4,5]. It 
classifies strategies into short, medium and long loops, emphasizing 
prevention and resource minimization at the top of the hierarchy 
(R0-R2), prolonging product and component use (R3-R7), and recov
ering residual value through recycling or energy extraction when 
necessary (R8-R9). Applying these strategies allows companies to 
enhance resource efficiency, strengthen supply chain resilience and gain 
competitive advantages [6,7]. In this context, I4.0 provides the tech
nological infrastructure to operationalize CE principles, with digital 
technologies acting as enablers that embed circular strategies directly 
into organizational processes and value chains [8–10]. By generating 
real-time data flows, supporting predictive modeling and guiding the 
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redesign of production processes, these technologies make it possible to 
monitor material cycles, reduce waste, and optimize resource use, 
leading to enhanced traceability, operational efficiency and resilience 
across the value chain [1,11,12]. The wine industry offers a particularly 
compelling and critical context for examining the practical challenges 
and potentials of this twin transition, due to it being a resource-intensive 
sector critically dependent on natural resources and highly exposed to 
climate volatility [13,14].

Key sustainability challenges span the entire wine value chain, 
including the management of the water footprint [15], the complex 
valorization of vast volumes of agro-industrial by-products, and the 
optimization of global distribution and logistics [16]. The industry 
generates large volumes of diverse organic by-products such as grape 
pomace, vine trimmings and wine lees, that present both sustainability 
challenges and opportunities for circular valorization [17]. Further
more, the sector’s vulnerability to climate variability such as water 
scarcity, droughts and extreme weather events, makes the integration of 
sustainable and digital practices particularly urgent [18]. Multinational 
enterprises (MEs) in this sector, due to their organizational scale, 
expansive supply chains and global market influence, play a pivotal role 
in driving this transformation. Their ability to integrate advanced digital 
capabilities with robust CE strategies represents a key determinant of the 
entire ecosystem’s sustainable future. As widely discussed in Section 2, 
while extensive literature details the theoretical potential of I4.0 tech
nologies (e.g., Internet of Things (IoT), Big Data) to enable circularity 
[8] and explores the R-strategies framework [19], a crucial empirical 
and methodological gap persists regarding the real-world operationali
zation of the twin transition within major wine MEs. Specifically, 
research lacks a critical, evidence-based assessment of technology 
deployment, often remaining anecdotal rather than systematically 
quantifying the actual level of Digital Enablement and the Technological 
Variability supporting CE measures; this deficiency hinders under
standing of whether technology is driving genuine transformation or 
merely incremental efficiency. Furthermore, existing research often fails 
to rigorously map operational sustainability initiatives into the struc
tured R-strategies hierarchy, making it difficult to definitively assess a 
firm’s strategic depth. The aim of this study is, therefore, to unveil the 
technological, strategic and organizational dimensions of the CE within 
wine ME. Specifically, the study seeks to address the following Research 
Question (RQ): How do leading multinational wine enterprises strategically 
integrate Industry 4.0 technologies to implement Circular Economy princi
ples? To answer this question, the study is conducted through a multiple 
case study approach. This research contributes significantly to the body 
of knowledge on the technological, strategic and organizational di
mensions of circularity by introducing a three-dimensional qualitative 
assessment (Digital Enablement, Technological Variability, R-Strategy 
Coverage) and three pathways of digital-circular transformation within 
the wine industry, offering a methodological tool for evaluating the true 
maturity of organizations undergoing the twin transition. The resulting 
findings offer critical practical insights for managers seeking to foster 
internal innovation ecosystems, redesign strategies and strengthen the 
overall sustainability performance of the wine industry. The remainder 
of the manuscript is structured as follows: Section 2 reviews the theo
retical background. Section 3 details the multiple case study method
ology, including the data collection process and the three-dimensional 
qualitative assessment. Section 4 presents the detailed case study find
ings. Section 5 discusses the results also in a comparative way. Finally, 
Section 6 outlines theoretical and managerial implications. Sections 7 
concludes the paper explaining conclusions, limitations and avenues for 
future research.

2. Theoretical background

The twin transition provides a transformative lens for rethinking 
industrial value creation [1]. Within this context, the CE offers a con
ceptual framework to move beyond linear production models, guiding 

firms toward strategies that prevent waste, extend product life and 
recover value across the value chain [2]. Digital technologies, in 
particular those included in the I4.0 paradigm, act as enablers of this 
transformation, supporting the monitoring, optimization and redesign of 
operations in line with circular objectives [3,8,19]. In the wine sector, 
sustainable and circular principles are expressed through measures such 
as reducing energy and water consumption, repurposing grape 
by-products, and promoting the reuse of materials [20,21]. Therefore, 
the twin transition exemplifies how the integration of I4.0 technologies 
and CE approaches can create resilient, efficient and environmentally 
aligned industrial systems, providing a conceptual bridge to explore 
both the R-strategies framework and the role of digital enablers in 
practice [1,9].

2.1. R-strategies for circularity

The R-strategies framework is a cornerstone of the CE, providing a 
hierarchical approach that systematically moves beyond the linear 
“take-make-dispose” model toward a regenerative system [4]. This 
framework serves as a strategic roadmap for companies aiming to 
decouple economic growth from resource consumption [5]. As illus
trated in Fig. 1, the framework is organized into three main loops: short, 
medium and long, each representing a different level of effectiveness in 
retaining resource value.

Short Loops (R0-R2): These are the most effective strategies as they 
prevent resource use from the outset. 

• R0 - Refuse: The highest priority is to completely avoid a product or 
resource, saying “no” to unnecessary items to prevent their produc
tion and disposal.

• R1 - Rethink: This involves finding new ways to achieve the same 
function with fewer resources, such as through a service-based model 
where customers pay for a product’s use rather than for its 
ownership.

• R2 - Reduce: This strategy focuses on minimizing resource con
sumption by using fewer materials or less energy during production 
and use.

Medium Loops (R3-R7): These strategies extend the life of products 
and components, keeping them in use for longer. 

• R3 - Reuse: Using a product again for its original purpose (e.g., a 
refillable glass bottle).

• R4 - Repair: Fixing a broken product to restore its function.
• R5 - Refurbish: Upgrading or restoring a product to a “like new” 

condition.
• R6 - Remanufacture: Disassembling a product and rebuilding it with 

new and reconditioned parts.
• R7 - Repurpose: Using a product for a different function than its 

original one.

Long Loops (R8-R9): These are the last-resort strategies when a 
product can no longer be used. While still better than disposal, they 
result in the most significant loss of value. 

• R8 - Recycle: Processing waste materials into new materials for new 
products. This often requires significant energy and can degrade 
material quality over time.

• R9 - Recover: The lowest priority, involving the recovery of energy 
from waste, for instance, through incineration.

The most impactful strategies are those at the top of the hierarchy, as 
they prevent waste generation at the source, thereby retaining the 
highest level of embodied energy and value in products and materials 
[6]. Therefore, the goal of implementing a CE is to shift from the bottom 
of the hierarchy (linear) to the top (circular). The application of these 
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strategies addresses environmental imperatives, while also conferring a 
significant competitive advantage. Given the high water and energy 
demands of viticulture and winemaking, a winery can Reduce its water 
and energy consumption through advanced irrigation and renewable 
energy systems [22]. Additionally, due to the large volumes of grape 
pomace generated during winemaking, a winery can Repurpose grape 
pomace into new products like grapeseed oil [23]. A specific application 
of Reuse helpful when considering the environmental impact and cost 
associated with producing new glass bottles, is the practice of collecting, 
sanitizing and reusing wine bottles which significantly reduces the de
mand for new glass [24]. Furthermore, among the environmental 
challenges faced by the wine industry, the resource demands of tradi
tional glass packaging exacerbate the situation, prompting producers to 
explore alternative formats that could Reduce material use and waste, 
such as canned wine, which also represents a way to Rethink product 
packaging in a sector where glass bottles are a strongly established 
design [25]. From a regulatory standpoint, facing increasingly stringent 
environmental regulations and potential compliance risks, adopting 
R-strategies helps companies proactively comply with legal re
quirements, mitigate fines, and enhance overall sustainability perfor
mance [26].

Strategically, embracing circularity enhances a company’s brand 
reputation, attracts environmentally conscious consumers and investors 
and fosters supply chain resilience by reducing dependency on volatile 
raw material markets [7]. This transition, from linear to circular, is 
heavily supported by digital transformation, with technologies like IoT 
and blockchain enabling the efficient tracking of materials, managing 
reverse logistics and optimizing resource flows [27]. For example, sen
sors can monitor the condition of reusable wine bottles, while block
chain can ensure the transparency of recycled materials, turning waste 
streams into valuable assets and unlocking new business models [28].

2.2. Industry 4.0 for circularity

The I4.0 paradigm offers the technological infrastructure to oper
ationalize CE principles [1,30]. The complementarity between I4.0 and 
CE [31] is widely recognized, as digital technologies are increasingly 

framed as levers to sustain competitiveness while advancing environ
mental goals [32,3,33]. In this view, the nine technological pillars of 
I4.0 are described as enablers of circularity, since they provide the 
digital backbone for embedding CE principles into value chains [33–35]. 
Their main contribution lies in generating real-time information flows 
that connect material cycles with digital systems, thereby enabling 
monitoring, predictive modeling for waste reduction, and the redesign 
of production processes [8,19,33], guiding businesses towards sustain
able objectives into a synergistic pathway in which digital in
frastructures support circularity measures [10]. The agri-food sector 
offers a particularly compelling case, given its structural dependence on 
natural resources and high exposure to climate variability [11]. In such 
contexts, efficiency, waste minimization and traceability are not 
optional goals but structural requirements for resilience and long-term 
competitiveness [1]. Many technological applications support 
achieving sustainable and circular objectives also in a specific industry 
such as the wine industry [12], where I4.0 plays the role of a necessary 
lever for enhancing sustainability, competitiveness and innovation in 
the sector [12].

The primary contribution of digital technologies in this regard lies in 
their ability to enhance monitoring and control activities across pro
duction processes [36]. IoT-based sensor networks allow for real-time 
monitoring of production and critical product parameters, optimizing 
resource use and reducing losses while ensuring consistent product 
quality [20,21,29]. Automation and Robotics streamline processes from 
grape harvesting to bottling, minimizing waste and energy consumption 
[37]. The collection of multi-year agronomic and operational data, 
combined with Big Data analytics and AI, supports predictive decisions 
on harvest timing, disease management and process optimization, 
enhancing both efficiency and sustainability [20]. Simulation-based 
decision support systems are sometimes employed by winemakers to 
anticipate environmental and market variability, promoting circular 
resource flows [21], while Cloud Computing platforms enable the 
integration of vineyard and cellar data, ensuring traceability, lifecycle 
management and efficient reverse logistics [35].

Collectively, these I4.0 applications illustrate how digital enablers 
translate CE objectives into concrete practices, fostering sustainability 

Fig. 1. R-strategies framework representation (own production).
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and competitiveness beyond the boundaries of a specific industrial 
sector of application [12]. However, while existing studies illustrate 
how individual I4.0 technologies can enhance monitoring, resource ef
ficiency and circular practices in the wine sector, a higher-level 
perspective reveals that these contributions are largely fragmented. 
Most research focuses on isolated applications or specific stages of the 
value chain, without systematically exploring how the coordinated 
deployment of multiple technological families can drive a holistic cir
cular transformation. Furthermore, the limited evidence on how such 
technologies are integrated into organizational processes to fully enable 
the twin transition represents a clear gap, highlighting the need for 
empirical investigations that assess the combined technological and 
strategic dimensions of circularity in practice, thereby providing the 
foundation for the present study.

3. Methodology

3.1. Rationale for a multiple case study approach

To investigate how wine ME deploy digital technologies to imple
ment circular strategies, this study adopts a multiple case study 
approach. This methodological choice is particularly suitable for 
examining complex and contemporary phenomena within their real-life 
context, where the boundaries between phenomenon and context are 
not always clearly defined [38–40].

By focusing on more than one case, the design enables cross-case 
comparison, allowing patterns and divergences to emerge and thereby 
strengthening both the validity and depth of the findings [41–43]. The 
selection of the multiple case study method is motivated by the need to 
explore the interplay between sustainability strategies, digital trans
formation and circular practices in organizations that operate in a highly 
globalized and competitive industry. Unlike single case studies, which 
can provide rich but context-specific insights, a multiple case strategy 
supports analytical generalization, offering broader evidence to frame 
theoretical contributions [44]. This approach is especially valuable in 
underexplored research domains such as the intersection of CE and 
digitalization in the wine sector.

3.2. Research setting

In multiple case study research, case selection is carried out strate
gically rather than randomly, ensuring alignment with the study’s ob
jectives. In this research, the cases were chosen specifically to enable 
meaningful comparison and contrast [44].

Within the multiple case study methodology, the number of cases is 
not determined by rigid sampling rules but rather by the specific ob
jectives and design of the research. As highlighted by Lipsey [45] and 
Yin [40], a larger number of replications is generally required when the 
study aims to validate subtle or highly complex propositions, whereas a 
smaller set of well-chosen cases may be sufficient when each provides 
rich, in-depth evidence to generate robust analytical insights. In this 
study, three cases were purposefully selected - Mezzacorona Group, 
Caviro Group and Collis Veneto Wine Group – as they offer compre
hensive and comparable insights into how I4.0 technologies enable 
sustainability and circularity in the wine sector. These cases share 
similar contextual features, including geographical setting, industrial 
domain, company typology, technological maturity and sustainability 
orientation (Table 1).

This design allows for the identification of common patterns and the 
exploration of nuanced differences in the ways digital technologies are 
leveraged to advance circular and sustainable practices within the 
sector.

The selection of the case studies focused on the Italian wine industry, 
which represents one of the most internationally recognized sectors of 
the national agri-food system. The wine sector in Italy plays a pivotal 
role not only from an economic perspective – being among the top 

contributors to agri-food exports – but also in terms of environmental 
and social sustainability due to the intensity of land use, water con
sumption and the complexity of its global value chains [13,15]. Ac
cording to the Italian Wine Union [16], Italy has maintained its global 
leadership in wine exports, with over 22 million hectoliters exported in 
2022, making sustainability and circularity strategic priorities to remain 
competitive on the international stage. The rationale for selecting an 
Italian winery with a global sales network was threefold: i) Italian 
wineries are at the forefront of combining tradition and innovation, 
increasingly adopting I4.0 technologies to enhance traceability and 
sustainability [14]; ii) the global distribution of Italian wine highlights 
the sector’s exposure to international regulations, sustainability stan
dards, and consumer preferences, thus offering a rich ground to study 
circular and sustainable practices; iii) wine production is often associ
ated with challenges related to resource efficiency, climate change 
adaptation, and stakeholder engagement across complex international 
supply chains [46]. These factors justify the relevance of the Italian wine 
sector and support its selection as the context for this study.

The focus on MEs is particularly justified, as they represent a 
distinctive organizational form in the agri-food sector that combines 
global market presence with strong local embeddedness. In Italy, wine 
cooperatives account for nearly 50 % of national wine production and 
play a strategic role in export markets [14,16]. Their cooperative 
structure fosters collective action, resource sharing, and risk distribution 
among member producers, while their multinational dimension allows 
them to scale sustainability and digital transformation practices across 
global value chains [15,46]. Given their dual role as both economic 
drivers and sustainability enablers, MEs provide a particularly relevant 
context to investigate how CE principles and I4.0 technologies can be 
integrated into agri-food business models.

The selection of companies exhibiting advanced technological 
maturity and a clear sustainability vision – emphasizing the creation of 
long-term value through a CE and strengthening stakeholder trust via 
transparent and responsible reporting – is methodologically strategic for 
this study. Such companies are equipped to implement and scale digital 
technologies like IoT, data analytics and blockchain, which are pivotal 
in optimizing resource use, enhancing traceability and promoting 
transparency across operations and supply chains. Moreover, their 
commitment to sustainability ensures that these technological initiatives 
align with broader organizational goals and stakeholder expectations. 
This combination of technological readiness and sustainability 
commitment makes these companies particularly suitable for exploring 
how digital technologies can enable CE strategies and support sustain
able business model innovation in the wine sector.

Recent studies underscore the importance of digital transformation 
in achieving sustainable business performance. For instance, a meta- 
analysis by Bindeeba et al. [47] demonstrates a positive association 
between digital transformation and sustainable business performance, 
highlighting the role of digital technologies in advancing sustainability 
goals across various sectors. Additionally, Moller et al. [34] discuss how 
digital transformation can enhance CE and circular business models, 
emphasizing the enabling role of digital technologies in achieving 
environmentally friendly production and profitability. These findings 
reinforce the relevance of selecting companies with high technological 

Table 1 
Case Study Selection - Comparison Features.

GEOGRAPHICAL 
CONTEXT

Headquarter in Italy, global selling

INDUSTRIAL SECTOR Beverage - winery
COMPANY TYPOLOGY Multinational, cooperative
TECHNOLOGICAL 

MATURITY
High level

SUSTAINABILITY 
ORIENTATION

Creating long-term value through a circular economy, 
and strengthening stakeholder trust with transparent 
and responsible reporting
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maturity and a sustainability vision for this research.

3.3. Conducting the multiple-case study

The methodology adopted in this research to conduct the multiple- 
case study represents an adaptation of the Digitalization & Sustain
ability Case Study (D&SC) Guideline proposed by Latino et al. [48] 
(Fig. 2). Specifically, the first three phases of the D&SC Guideline were 
inherited and tailored to the context of the wine industry, ensuring 
methodological coherence while allowing flexibility to address the 
specific objective of this study.

Phase A, named “Identifying sustainable needs”, represents a pre
liminary step in the research process, aimed at understanding the spe
cific sustainability and innovation needs of the wine sector and 
characterizing the types of companies considered in the study. This 
phase involved identifying the challenges, opportunities and market 
pressures that drive companies to adopt sustainable and circular prac
tices, as well as assessing the technological readiness and strategic 
orientation of potential case study candidates. The analysis highlighted 
a clear need for structured approaches to evaluate and implement sus
tainable innovation, particularly in wine MEs that seek to integrate CE 
principles while maintaining competitiveness in global markets. These 
insights directly formed the study’s objective: to develop a compre
hensive framework to assess how I4.0 technologies can support sus
tainability and circularity initiatives, aligning business practices with 
stakeholder expectations and long-term value creation.

Phase B, named “Mapping sustainability information”, focused on 
systematically collecting and analyzing publicly available information 
to map the sustainable and circular measures implemented by the 
selected companies, as well as the I4.0 technologies supporting these 
initiatives. The primary sources of data included the companies’ sus
tainability reports, complemented by secondary data collected from 
corporate websites, social media profiles, and other publicly accessible 
platforms.

This phase allowed the research team to identify the types and scope 
of sustainability circular measures, and the technological solutions 
deployed to support them. The insights gained in this phase provided a 
detailed overview of how wine MEs integrate sustainability and digital 

transformation, establishing the foundation for the subsequent qualita
tive analyses in Phase C.

Phase C, named “Data Analysis”, involved rigorous, evidence-based 
qualitative assessment founded on the results of the data collection. A 
Focus Group composed of five experts in twin transition and CE themes 
was convened to critically analyze the data and provide the necessary 
validation for the subsequent qualitative assessment. The group 
included two senior researchers with expertise in sustainable business 
models and I4.0, one junior researcher in organizational studies, one 
industry manager experienced in implementing circular practices in the 
wine sector, and one practitioner specializing in digital transformation 
and sustainability consulting. The evaluation followed an iterative, 
multi-step discussion protocol, with feedback loops ensuring that each 
qualitative judgment was reviewed and agreed upon by at least four of 
the five participants. This phase moved beyond simple mapping to a 
structured, critical evaluation designed to define the role of I4.0 in 
sustainable circular measures and gauge the firms’ readiness to support 
these initiatives. The assessment established three core analytical di
mensions, with final ratings assigned using a qualitative scale (High, 
Medium, Low and Absent): 

1. Digital Enablement: This dimension determines the extent of I4.0′s 
role in circularity, thus establishing the level of digital enablement. It 
assesses the proportion of sustainable circular measures that are 
supported or driven by technology. We operationalize this dimension 
by (i) counting the proportion of circular measures with documented 
I4.0-based technological support, and (ii) assigning qualitative rat
ings as follows: High (≥75 % of the company’s implemented mea
sures are digitally supported), Medium (40–74 % digitally 
supported), Low (1–39 % digitally supported or only marginally 
supported), and Absent (no documented digital support).

2. Technological Variability: This analyzes the interplay of technology 
and circularity, specifically the relationship between a particular 
technology and a specific sustainable circular measure, to determine 
the level of technological variability. It assesses the breadth of the 
I4.0 technology portfolio used. We conducted this evaluation 
considering (i) the number of technological families adopted (out of 
the nine identified in the I4.0 paradigm), (ii) the diversity of 

Fig. 2. Three-phase methodology: methods and results (own production).
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application domains they address, and (iii) the presence of comple
mentarity, where different technologies are jointly used to reinforce 
circular outcomes. A High rating corresponds to the use of at least 5 
technological families with documented complementarities across 
multiple circular areas; Medium reflects the use of 3 or 4 technolo
gies with limited interaction; Low indicates reliance on only 1 or 2 
technologies; and Absent denotes no verified technological 
deployment.

3. R-Strategy Coverage: This evaluates the alignment extent of sus
tainable circular measures (both technology-enabled and traditional) 
with the R-strategies framework, establishing the level of R-strategy 
coverage. It measures how many of the ten R-strategies are addressed 
by the firm’s practices. Qualitative ratings were assigned as follows: 
High when seven or more R-strategies are addressed, Medium for 
four to six strategies, Low for one to three strategies, and Absent 
when no R-strategy is clearly implemented.

To ensure robustness and reliability of the qualitative ratings, the 
evaluations for each dimension were subsequently discussed and vali
dated through an additional focus group session with the same expert 
participants involved earlier in the study. This step enabled a collective 
examination of the evidence, promoting convergence of interpretations 
and resulting in consensual assessments for each firm and analytical 
dimension. The complete Data Collection Protocol, including illustrative 
examples for each research phase and specifically detailing Phases B and 
C of the methodology, is provided in Appendix (Table A1).

This structured, critical approach provided a comprehensive, 
evidence-based understanding of how sustainability and circularity are 
operationalized within the companies, moving the analysis from 
descriptive mapping to prescriptive assessment.

4. Results

4.1. Case study 1: Mezzacorona Group

Company overview and sustainability vision. Mezzacorona Group op
erations are focused primarily on wine production (encompassing still, 
sparkling and distilled products) and include fruit cultivation. With 
commercial activities extended to numerous international markets, the 
ME has consolidated its global presence. Its vision encompasses princi
ples of collective governance, reciprocity, and community engagement, 
with sustainability embedded in its core values. Sustainability guides 
every step, from field to packaging, blending environmental care, safety 
and quality.

Sustainable circular measures. The company aligns with industry best 
practices, implementing circular measures and approaches that reflect 
the overall green and ecological footprint of its operations, covering 
multiple aspects of sustainability, including social and governance di
mensions. Specifically: 

• Water management optimization. The company has taken a leading 
role in Reduce (R2) strategies for water resource consumption, 
setting a 2024 target of achieving a 21 % reduction in water used for 
production and treatments. This required a comprehensive effort 
upstream in production and at a strategic level (Rethink R1) to 
intervene across the entire internal production cycle. The completion 
and commissioning of wastewater treatment facilities at all produc
tion sites enabled water recovery for reintegration into the produc
tion cycle, treating residues from washing and production processes 
for secondary uses such as irrigation (Recycle R8). The regenerative 
approach to water resources, combining strategic planning, opti
mized water management and reduced usage, is also reflected in the 
use of sub-irrigation, which allows for targeted water application 
while minimizing waste.

• Water footprint assessment. In addition to operational practices and 
interventions for water management, the Group demonstrates a 

strategic commitment to maintaining low resource consumption 
through continuous monitoring and performance control, in order to 
prevent unnecessary waste (Rethink R1, Reduce R2). Technology 
plays a key role in achieving these goals, particularly the use of 
digital tools such as Big Data, which enable the company to collect 
data on direct and indirect water consumption, analyze trends and 
plan reduction strategies from grape cultivation to winemaking and 
bottling.

• Renewable and digital energy integration. Energy procurement is one of 
the areas where the company most clearly demonstrates its 
commitment to sustainability, by integrating renewable sources and 
moving towards greater energy self-sufficiency (Rethink R1). 
Currently, >51 % of the company’s total energy use comes from 
renewable sources self-generated through solar thermal and photo
voltaic systems, thereby reducing reliance on the national energy 
grid (Reduce R2). The shift to renewable energy, replacing fossil- 
based sources, enables the company to lower the use of polluting 
raw materials as well as its overall emissions.

• Energy monitoring. As with water, integrated IoT and Big Data systems 
support energy management by monitoring the consumption of 
production machinery, collecting real-time data from each plant and 
production line. This enables quick detection and prevention of 
waste, inefficiencies or consumption peaks (Rethink R1, Reduce R2).

• Sustainable logistics. Internal logistics and material handling within 
plants and warehouses are managed using hybrid and electric vehi
cles, supporting grape transport from vineyards to the winery, in
ternal operations, customer deliveries and local distribution (Rethink 
R1). This approach reduces overall emissions from activities (Reduce 
R2) and demonstrates a clear commitment to phasing out high- 
impact practices while consciously rejecting more harmful solu
tions (Refuse R0).

• Circular valorization of by-products. As in any production system, 
processing by-products account for a significant share of materials 
often destined for disposal. For the company, grape pomace, lees and 
stems from the early transformation stages are partly recovered and 
valorized as an additional resource, reused as inputs in subsequent 
processes. This approach, which primarily involves organic matter, 
optimizes resource use, reduces waste and generates new raw ma
terials to be effectively valorized (Reuse R3, Recycle R7, Reduce R2). 
Beyond the direct ecological benefits of this circular strategy, rein
tegrating by-products into the production cycle also helps lower 
disposal costs.

• Waste sorting and recovery. All direct and indirect waste generated at 
production sites and company facilities is separated at the source into 
designated collection streams. This ensures that each type of waste is 
either properly disposed of or sent for recycling, preventing mixing 
and contamination, and promoting material recovery while reducing 
landfill-bound waste. The Recycle (R8) strategy, established across 
all industrial departments, begins with proper internal waste man
agement, starting from the company’s internal boundaries, and aims 
to ensure that materials at the end of their life cycle have a final 
opportunity for transformation. A proactive approach to this circular 
strategy not only reinforces the company’s green foundation but also 
guides compliance with regulatory standards.

• Sustainable packaging. The company’s approach to sustainability is 
also reflected in ethical choices that guide much of its operations, 
such as adopting sustainable packaging solutions (Rethink R1). The 
raw materials used in packaging production are optimized, reducing 
their quantity, weight and material complexity (Reduce R2). As a 
result, glass bottles are made lighter, cardboard containers are 
optimized in volume and thickness, and the use of additional sec
ondary packaging materials, often plastic, is significantly reduced. 
These measures lead to a considerable reduction in carbon dioxide 
emissions, stemming from both packaging production and trans
portation. Furthermore, the use of recycled materials in packaging 
design further strengthens the Recycle (R8) strategy.
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• Low-Impact Agronomic Inputs. Upstream in the value chain, before the 
production phase and in the management of raw materials, the 
company adopts low-risk agronomic inputs such as natural fertilizers 
and products with reduced chemical and biological impact (Refuse 
R0, Reduce R2). These practices mitigate environmental impacts 
from the earliest stages of operations while also enhancing the 
quality of the final products. At the same time, they ensure compli
ance with organic certification standards, making the supply chain 
more sustainable and certifiable (Rethink R1).

• Sustainable Production Standards. Applying protocol standards dem
onstrates the Group’s tangible commitment to sustainability, 
requiring the adoption of agricultural and winemaking practices that 
comply with national guidelines and the careful oversight of every 
stage of the supply chain to ensure quality and safety. Integrating 
these protocols means, on the one hand, a comprehensive rethinking 
of production processes to enhance their sustainability (Rethink R1) 
and, on the other hand, the refusal of non-compliant practices or 
those with a high environmental impact (Refuse R0). The use of IoT 
technologies to monitor and adjust conditions in the winery and 
production areas ensures that environmental standards are consis
tently maintained over time.

For Case 1, the connections between the sustainable circular mea
sures adopted and the principles of circularity defined by the R strate
gies, together with the I4.0 technologies applied to implement them, are 
illustrated in Fig. 3.

4.2. Case study 2: Caviro Group

Company overview and sustainability vision. Caviro Group is vertically 
integrated in the combination of agricultural production with industrial 
processing. Its operational model merges traditional viticulture with 
advanced technological and ecological practices, supported by a wide
spread network of growers. With a consolidated presence in both do
mestic and international markets, the company plays a significant role in 
connecting agriculture, industry and environmental innovation. Sus
tainability is a central pillar of the company’s strategy, since the whole 
production cycle is designed to reduce waste and emissions, regenerate 
resources and return organic value to the soil.

Sustainable circular measures. The company has fully integrated cir
cular approaches across all levels of its production and distribution, 
building its brand and mission around them. Its commitment to sus
tainability is operationalized through the following practices: 

• Water management optimization. The company has implemented a 
water resource protection plan that enables the recovery of 621 
million liters of water, equivalent to 42 % of its total demand. As a 
result, a significant portion of the water used in production processes 
is no longer extracted from aquifers but comes from recovery sys
tems, reuse and optimized production cycles (Recover R9). This 
approach reduces pressure on natural water resources and enhances 
the overall sustainability of production processes.

• Renewable & digital energy integration. Extensive photovoltaic and 
agrivoltaics systems have been installed at multiple sites to produce 

Fig. 3. Evidence from Case study 1.
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renewable electricity, while energy consumption across operations is 
being actively reduced. These measures lower greenhouse gas 
emissions (Reduce R2) and support a transition to sustainable energy 
use through the redesign of energy management practices (Rethink 
R1). By integrating renewable energy production across different 
locations, the company enhances energy self-sufficiency and opti
mizes the efficiency of its operations.

• Energy monitoring. Across all production sites, machinery, tanks and 
filtration systems are interconnected in real time with the manage
ment system through IoT and Big Data technologies. This network 
enables continuous monitoring and control of operations, ensuring 
optimal performance, consistent quality and timely intervention in 
case of anomalies. By leveraging these digital capabilities, the com
pany can rethink and optimize production processes, aligning with 
Rethink (R1) principles.

• Sustainable logistics. An automated warehouse has been implemented 
for the transport and storage of packaging materials (bottles, cartons, 
caps, etc.), equipped with digital systems that allow for fully auto
mated movement from the packaging department to storage. This 
automation reduces handling times, errors, energy use and space 
waste (Rethink R1, Reduce R2). Robotic technologies have been 
essential in these operations, enabling efficient logistics and seamless 
warehouse management aligned with production systems.

• Circular valorization of by-products. Many production lines are dedi
cated to processing large volumes of by-products and residues from 
winemaking (pomace, lees, stems and other agro-industrial waste). 
Over 99 % of these materials are valorized: pomace and other 

residues are converted into biogas for renewable energy production 
(Repurpose R7), advanced biomethane suitable as vehicle fuel or for 
sale as green energy (Recover R9) and organic fertilizers that are 
reintroduced into the vineyards (Reuse R3). In this way, waste 
streams are transformed into secondary raw materials and energy, 
reducing disposal requirements (Recycle R8).

• Carbon and climate footprint assessment. A carbon footprint assess
ment is conducted to quantify greenhouse gas emissions across the 
company’s entire production cycle, including vineyard management 
(fertilizers and machinery), winery operations (energy, water and 
materials), packaging, logistics and wine distribution. The aim is to 
identify key carbon sources and implement targeted strategies to 
effectively reduce overall emissions (Reduce R2).

For Case 2, the connections between the sustainable circular mea
sures adopted and the principles of circularity defined by the R strate
gies, together with the I4.0 technologies applied to implement them, are 
illustrated i Fig. 4.

4.3. Case study 3: Collis Veneto Wine Group

Company overview and sustainability vision. Collis Veneto Wine Group 
corporate strategy is based on a model that integrates viticulture, in
dustrial transformation and sustainable innovation. The enterprise 
combines traditional oenological practices with advanced technological 
solutions, with the aim of reducing environmental impacts and 
strengthening the resilience of the entire value chain. Sustainability 

Fig. 4. Evidence from Case Study 2.
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represents a cornerstone of the Group’s vision: key initiatives include the 
transition towards the exclusive use of renewable energy, the optimi
zation of water and energy resources and the valorization of wine
making by-products. Circular waste management and the National 
Quality System for Integrated Production (SQNPI) certification further 
underlines the efforts of the Group towards a low-impact, reuse-oriented 
economy.

Sustainable circular measures. The Group’s sustainability strategy is 
based on the principles of resource efficiency, waste minimization and 
value regeneration, thereby positioning circularity as a structural 
component of its operational and strategic model. The following mea
sures exemplify how circular practices are concretely implemented: 

• Water management optimization. The optimization of water resources 
emerges as a central component of Group’s sustainability strategy. 
The company has progressively introduced structured practices for 
the monitoring, treatment and reuse of water resources, embedding 
them into the broader governance of environmental performance. A 
distinctive element is the adoption of IoT-based solutions, which 
enable the real-time collection and transmission of data on water 
withdrawals, consumption points and wastewater generation. This 
digital infrastructure facilitates a more precise allocation of water 
across critical production stages, including vinification, cleaning and 
irrigation, thereby reducing inefficiencies that historically charac
terize the wine sector. The data-driven perspective also permits 
predictive management, anticipating anomalies and planning 
corrective interventions before critical thresholds are reached. In 
terms of CE strategies, these practices clearly align with Reduce R2, 
since they allow for substantial reductions in absolute consumption 
of water resources. At the same time, the integration of IoT con
tributes to the systemic rethinking of water as a regenerative 
resource within production cycles, reflecting a broader transition 
from linear extraction–use–discharge models towards closed-loop, 
resilient water management.

• Renewable and digital energy integration. Collis has undertaken a 
structural shift in its energy model through the progressive integra
tion of renewable energy sources, particularly photovoltaic plants, 
into winery infrastructures. Although not supported by advanced 
digital technologies in the current phase, this strategy demonstrates a 
clear commitment to reducing dependency on non-renewable re
sources and to recovering the intrinsic potential of solar energy. By 
generating renewable electricity internally, the company strengthens 
its autonomy from external and fossil-based supplies, while simul
taneously reducing greenhouse gas emissions across the life cycle of 
its products. From the perspective of circular strategies, this practice 
directly reflects Recover R9, as it leverages the recovery of natural 
energy fluxes that would otherwise remain unexploited. It further 
embodies the principle of ecological regeneration, transforming 
passive environmental flows into active contributors to production, 
and aligning the company with the European decarbonization 
agenda and the objectives of the Green Deal.

• Energy monitoring. The company complements its renewable energy 
commitment with a robust monitoring system designed to optimize 
overall energy efficiency. Here, the enabling role of digital trans
formation is particularly evident. The integration of system-level 
architectures and big data analytics allows for the continuous 
collection, aggregation and interpretation of data on energy con
sumption across all production facilities. This integration supports 
the development of a comprehensive energy baseline, facilitates the 
identification of high-intensity hotspots and enables benchmarking 
both internally and against sectoral best practices. The scientific 
relevance of this approach lies in its capacity to transform raw data 
into actionable insights, guiding managerial decisions towards effi
ciency improvements and decarbonization pathways. By ensuring a 
reduction in unnecessary energy losses and a rationalization of de
mand, energy monitoring strongly contributes to Reduce R2. 

Moreover, the embedding of digital technologies elevates the com
pany’s energy governance to a predictive and preventive paradigm, 
consistent with the principles of I4.0-enabled sustainability.

• Sustainable logistics. Within the downstream segment of its value 
chain, Collis has devoted increasing attention to logistics optimiza
tion, recognizing transport as a significant source of emissions and 
inefficiency in agri-food systems. The company has implemented 
strategies aimed at rationalizing delivery routes, consolidating 
shipments, and adopting packaging and distribution models that 
minimize environmental externalities. These measures exert a dual 
effect: on one hand, they support Reduce R2 by cutting fuel con
sumption and associated greenhouse gas emissions; on the other, 
they align with Recover R9, insofar as they favor the recovery and 
reuse of logistical assets (such as packaging materials and transport 
containers) and the optimization of return flows. From a systemic 
perspective, sustainable logistics underscores the importance of 
expanding circular principles beyond the production plant, embed
ding them into the wider network of supply chain relations and 
market interactions.

• Circular valorization of by-products. The management of vinification 
by-products represents a domain of high potential for circular tran
sition in the wine sector. Collis has activated pathways for the real
location of residues such as grape marc, lees and other fermentation 
by-products into secondary uses, preventing their classification as 
mere waste. This valorization process operates at different levels of 
the circular hierarchy. At the basic level, Reuse R3 is achieved when 
by-products are redirected to agronomic functions, for example as 
soil conditioners or organic amendments. At a more advanced stage, 
Recycle R8 is enacted through the transformation of these biomasses 
into new materials or compounds suitable for industrial applications. 
Finally, Recover R9 is mobilized when organic residues are used as 
feedstock for energy recovery processes, thereby re-entering the 
economic cycle in the form of renewable energy carriers. While the 
2023 sustainability report indicates that these processes are still 
developing, the multi-layered approach reflects a strategic aware
ness of the bio-circular potential embedded in the wine production 
chain. From a research perspective, the valorization of wine by- 
products can be further strengthened by integrating biotechnolog
ical solutions, industrial symbiosis, and partnerships with bio-based 
industries, enhancing the economic and ecological value generated 
from what was once considered a disposal burden.

• Waste sorting and recovery. A mature and highly effective waste 
management system is evident across all Collis facilities. The com
pany achieved a remarkable performance in 2023, with >96 % of 
total waste streams diverted from landfill and allocated to recovery 
or recycling channels, leaving only 3.4 % destined for disposal. Such 
a result signals a systemic integration of circular waste governance 
within daily operations. From a strategic standpoint, this practice 
embodies Recover R9, transforming waste into an input for new 
cycles and approaching the paradigm of “zero waste to landfill”. This 
performance is particularly significant when assessed in comparison 
to broader sectoral averages, often characterized by higher landfill 
dependency. Scientifically, it highlights the capacity of cooperative 
organizational models to internalize environmental externalities and 
to coordinate large networks of suppliers and producers towards 
common sustainability objectives.

• Low-impact agronomic inputs. At the agricultural level, Collis has 
anchored its sustainability model in the progressive reduction of 
synthetic chemical inputs. The adherence of all 299 member farmers 
to National Integrated Production Quality System (SQNPI) and/or 
organic certification demonstrates a systematic alignment with in
tegrated and ecological production practices. These certifications 
require the reduction of pesticide and fertilizer use, the adoption of 
integrated pest management, and the maintenance of soil fertility 
and biodiversity. Such practices are fully consistent with Reduce R2, 
as they directly minimize input intensity while safeguarding 
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ecosystem services. The scientific relevance of this measure lies in its 
upstream focus: interventions in the agricultural phase carry 
disproportionate weight in life-cycle environmental assessments of 
wine, and therefore represent a cornerstone of genuine sustainability 
transitions. By embedding low-impact practices at the base of the 
supply chain, Collis not only reduces its ecological footprint but also 
enhances product differentiation and market competitiveness.

• Sustainable production standards. Perhaps the most structural and 
institutionalized measure implemented by Collis is the adoption of 
Equalitas certification, which the group holds both at the organiza
tional and product level. This certification embeds sustainability 
principles across environmental, social and governance dimensions, 
requiring compliance with strict performance indicators, traceability 
requirements and continuous improvement commitments. From the 
perspective of CE strategies, this institutional framework contributes 
to Rethink R1, as it necessitates a fundamental redesign of corporate 
governance and operational logic towards sustainability-driven 
value creation. It also reinforces Reduce R2, since adherence to 
Equalitas translates into verifiable reductions in resource consump
tion, waste generation and emissions. The certification, therefore, 
acts as a meta-instrument: it is not limited to individual practices but 
integrates and harmonizes the entire set of sustainability actions, 
ensuring systemic coherence and accountability.

For the Case 3, Fig. 5 represents the integration of sustainable cir
cular measures with the R-strategies, while simultaneously illustrating 
the enabling role of I4.0 technologies in their implementation.

Table 2 summarizes all circular measures identified across the three 
cases, showing their associated R-strategies and whether I4.0 

technologies are present or absent for each enterprise in a complete 
overview.

5. Discussion

The Mezzacorona Group demonstrates a medium integration of 
technology (digital enablement: medium), primarily leveraged for Short 
Loop efficiency and validation, aligning with the principles of the twin 
transition [1]. The Group’s strategy prioritizes measurable performance 
in resource consumption, a core goal of the CE [5]. Digital tools, 
particularly IoT sensors and Big Data Analytics, are critical in supporting 
the highly prioritized Reduce R2 strategy through continuous Water 
Footprint Assessment and Energy Monitoring. This deployment trans
forms raw operational data into actionable insights for waste and in
efficiency prevention, confirming the role of I4.0 in enhancing resource 
efficiency [8,19,33]. However, the analysis indicates that the technol
ogy portfolio shows limited variability (technological variability: low). 
Technological adoption is primarily focused on internal measurement 
and optimization, supporting incremental efficiency improvements. 
Advanced I4.0 technologies with potential to support systemic redesign, 
such as Simulation or Blockchain for external traceability and stake
holder engagement, are currently not explicitly applied to the core cir
cular measures. This focus currently emphasizes protocol adoption and 
strategic goal-setting within Rethink R1, while offering significant op
portunities to expand its impact across the value chain through opera
tional redesign [3,8,19]. Mezzacorona demonstrates a strategically 
sound focus on both ends of the CE hierarchy (R-strategy coverage: 
high): 

Fig. 5. Evidence from Case Study 3.
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• Short Loops (R0-R2): This area is robust, characterized by a 
commitment to minimizing resource consumption (Reduce R2) and 
the institutional rejection of harmful inputs (Refuse R0) via sus
tainable logistics and low-impact agronomic practices. Since Short 
Loops offer the highest value retention by preventing resource use, 
this prioritization is strategically sound.

• Long Loops (R7-R9): Effective long-loop activity is evident in 
Repurpose R7 by valorizing by-products (pomace) into secondary 
materials, and strong Recycle R8 for packaging materials. This ad
dresses necessary end-of-life management.

The evidence indicates that while Mezzacorona effectively leverages 
technology to monitor and optimize its circular practices, advancing 
toward a truly regenerative system would require broadening its tech
nological portfolio to support more radical Rethink strategies and 
enhance external transparency. In this context, digitalization functions 
as a tool for precision management and measurable impact verification, 
aligning with theoretical expectation that I4.0 technologies enhance 
efficiency by converting raw data into actionable insights [49,50].

The Caviro Group, with its specialized agri-industrial profile, dem
onstrates a strong emphasis on Recover R9, illustrating how technology 
can elevate long-loop circular strategies into a core, high-value business 
model. Its circular practices are supported by I4.0 technologies (digital 
enablement: medium). The vertically integrated model leverages 
advanced process control and automation, exemplifying how digital 
tools provide a robust backbone to operationalize circular principles. 
Notably, the use of Robotics in the automated warehouse for Sustainable 
Logistics highlights a clear connection between a specific I4.0 pillar and 
circular outcomes (Reduce R2). This industrial automation also supports 
the comprehensive Circular Valorization of By-products, enabling the 
conversion of over 99 % of residues into high-value derivatives. The 
technological adoption is focused on internal industrial automation and 
process optimization (e.g., Energy Monitoring via IoT and Big Data), 
effectively enhancing operational efficiency and performance 

(technological variability: medium). This specialization allows Caviro to 
consolidate its leadership in waste-centric operation while creating a 
strong foundation for future expansion toward broad collaborative or 
service-oriented circular initiatives, such as Rethink R1 or Reuse R3. 
Caviro demonstrates exceptional strategic strength in the Long Loops, 
making its circularity model waste-centric rather than prevention- 
centric (R-strategy coverage: medium): 

• Long Loops (R7-R9): The Group excels in Repurpose R7 and Recover 
R9, converting residues into biogas, bio-methane, bioethanol, and 
high-value chemicals. This level of integration effectively closes the 
material and energy loops, maximizing the retention of material 
value (R7) and energy (R9). The large-scale water recovery (42 % of 
total demand) also contributes significantly to closing the Recover 
R9 loop.

• Short Loops (R0-R2): While committed to Reduce R2 through energy 
self-sufficiency and logistics optimization, the Group’s primary 
competitive advantage is built on its technological investment in 
waste valorization.

Caviro exemplifies a pathway in which advanced I4.0 technologies 
elevate resource recovery into a core, high-value business model, with 
technological adoption primarily oriented toward industrial efficiency. 
The Group leverages digital tools not only for measurement but for 
automation and control, creating a technological architecture that in
tegrates information and material flows. This configuration supports an 
effective industrial metabolism, demonstrating a clear and robust link
age between automation and circular valorization [51].

The Collis Veneto Wine Group presents a distinctive interpretation of 
circularity, emphasizing operational efficiency, renewable energy inte
gration, and resource recovery. Its circular practices are supported by a 
focused, targeted use of I4.0 technologies (digital enablement: low). The 
Group’s vertically coordinated but decentralized organization employs 
basic digital tools primarily for traceability, energy and water moni
toring, and sustainability reporting under the Equalitas SOPD_004.1 
framework. These tools provide a reliable informational infrastructure 
that ensures compliance and track environmental performance, sup
porting effective management of operational processes.

A central element of Collis’s circular model is its strong focus on 
renewable energy adoption and process optimization, showing that 
substantial sustainability gains can be achieved through organizational 
coordination and disciplined operational management. The Group has 
progressively expanded the use of green energy across its facilities and 
implemented energy and water efficiency programs supported by 
continuous monitoring and improvement. These initiatives underpin 
Reduce R2 strategies, minimizing resource consumption and production 
inefficiencies, illustrating that circular value can be generated effec
tively even in contexts with lower digital intensity.

Technological variability is currently moderate (technological vari
ability: low), reflecting a structure promotes standardization and uni
form practices across member wineries. The adoption of I4.0 tools is 
focused on internal control systems and compliance management, sup
porting incremental improvements in operational performance. 
Advanced technologies such as automation, AI-based optimization or 
blockchain for extended traceability are not yet integrated, slowing 
down the innovation process and leading the Group to focus on 
consolidating efficiency and recovery strategies while maintaining a 
stable operational foundation (Rethink R1).

The Group’s R-strategy coverage is medium, highlighting a consis
tent emphasis on efficiency and recovery. Collis exhibits high perfor
mance in Reduce R2 and Recover R9, medium engagement in Recycle 
R8, and limited focus on Rethink R1 and Reuse R3. This configuration 
reflects a balanced approach, where operational priorities are effectively 
distributed between short-loop efficiency measures and long-loop re
covery mechanisms, supporting sustainable performance across the 
value chain: 

Table 2 
Case Study evidence overview.

Circular 
measure

Associated 
R-strategies

Industry4.0 technologies

Mezzacorona 
Group

Caviro 
Group

Collis Veneto 
Wine Group

Water 
management 
optimization

R1, R2, R8, 
R9

​ ​ Internet of 
Things

Water footprint 
assessment

R1, R2 Big Data ​ ​

Renewable 
digital energy 
integration

R1, R2, R9 ​ ​ ​

Energy 
monitoring

R1, R2 Internet of 
Things, Big Data

IoT, Big 
Data

System 
Integration, 
Big Data

Sustainable 
logistics

R0, R1, R2, 
R9

​ Robotics ​

Circular 
valorization 
of by-products

R2, R3, R7, 
R8, R9

​ ​ ​

Waste sorting 
and recovery

R8, R9 ​ ​ ​

Sustainable 
packaging

R1, R2, R8 ​ ​ ​

Low-impact 
agronomic 
inputs

R0, R1, R2 ​ ​ ​

Sustainable 
production 
standards

R0, R1, R2 Internet of 
Things

​ ​

Carbon & 
climate 
footprint 
assessment

R2 ​ ​ ​
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• Long Loops (R7–R9): Collis demonstrates strong specialization in 
Recover R9 and Recycle R8, converting organic residues such as 
pomace, lees and grape seeds into secondary materials and bio-based 
products. Through well-established partnerships and valorization 
chains, the Group ensures that nearly all by-products are reinte
grated into productive use, aligning with the principles of resource 
circularity and energy regeneration. In addition, the Group’s 
engagement in carbon offset and reforestation initiatives reinforces 
its long-loop strategy, linking recovery practices with broader envi
ronmental stewardship goals.

• Short Loops (R0–R2): The Group maintains a firm commitment to 
Reduce R2 through renewable energy use, process efficiency and 
optimization of resource management. However, the limited tech
nological diversification constrains the expansion of Rethink R1 and 
Reuse R3 strategies. Product eco-design, packaging reuse, or 
collaborative digital platforms are not yet core components of the 
operational model, and innovation remains primarily directed at 
reducing inputs and improving efficiency within existing structures.

Collis Veneto Wine Group achieves tangible environmental results 
through procedural coherence, renewable energy use, collective align
ment and effective use of digital tools where applied.

A complete overview of the qualitative assessment on the three cases 
study is shown in Fig. 6.

The comparative examination of Mezzacorona, Caviro Group and 
Collis Veneto Wine Group reveals three different but complementary 
trajectories of digital-circular transformation within the wine industry, 
showing that the interplay between digitalization and circularity is far 
from linear. To move beyond a linear assessment of inputs, we introduce 
the concept of Digital Circularity Intensity (DCI). We define DCI as “the 
strategic intersection of the three core assessment dimensions - digital 
enablement, technological variability, and R-strategy coverage - 
together representing the integrated maturity level of a firm’s twin 
transition”. This concept provides a comprehensive lens to evaluate how 
firms synergistically combine digital capabilities and circular strategies 
to achieve sustainable transformation. Fig. 7 provides a complete 
overview of how the MEs in our multiple-case study position themselves 
along the three dimensions.

The assessment of the three core dimensions illustrates how each ME 
operationalizes the twin transition under different structural, techno
logical and governance conditions. The comparison illustrates that DCI 
serves as a differentiator of implementation pathways rather than final 
outcomes: while technological intensity shapes the approach to circular 

practices, governance structures and process coherence guide the 
overall level of circular maturity attained [52,53].

When synthesized, the companies’ three trajectories converge to 
define each firm’s DCI profile, capturing how digital technologies and 
circular strategies are strategically aligned rather than merely co- 
present. Consequently, DCI is shaped not by the scale of technology 
investment, but by the strategic and organizational integration of digital 
tools with high-value R-strategies.

Mezzacorona Group and Caviro Group illustrate the complemen
tarity between CE and I4.0 highlighted in the literature [1,9], while also 
demonstrating the differentiated ways in which alignment occurs: 
Mezzacorona leverages data analytics to reinforce preventive loops, 
whereas Caviro emphasizes automation to enhance recovery within the 
value chain. Collis Veneto Wine Group offers a contrasting pathway, 
showing that robust governance and procedural coordination can ach
ieve tangible environmental outcomes even with a more selective 
deployment of digital technologies.

The three MEs thus represent a continuum in which the interaction 
between digitalization and circularity shaped primarily by managerial 
choices and governance capacity rather than technological intensity 
alone. Within this continuum, three distinct digital-circular pathways 
emerge (Fig. 8): 

• Data-driven prevention (e.g., Mezzacorona Group).This pathway is 
characterized by a high degree of coherence and resilience on real 
time data-intensive approach oriented toward short-loop prevention 
and performance monitoring. Digital technologies such as IoT sen
sors, Big Data analytics and smart irrigation systems generate feed
back loops that enable firms to actively Reduce (R2) resource 
consumption and Rethink (R1) strategic processes at the decision- 
making level. The emphasis on short-loop prevention is realized 
through proactive monitoring, which enables the firm to anticipate 
inefficiencies and implement corrective actions before waste occurs. 
By integrating technology across multiple stages of the production 
process, going from grape cultivation and fermentation to bottling 
and distribution, digital tools help synchronize operations, optimize 
resource use and enhance process flows. This systemic application of 
technology reinforces both operational efficiency and environmental 
performance, ensuring that data is transformed into actionable in
sights that support preventive measures and strategic sustainability 
objectives. This approach aligns with the CE literature, which em
phasizes the importance of preventive strategies (R0-R2) in retaining 

Fig. 6. Qualitative assessment for the three case studies.
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resource value [2,4] and highlights the role of digital technologies in 
enabling real-time monitoring and process optimization [3,8,19].

• Automation-driven recovery (e.i.,Caviro Group). This pathway is 
characterized by a process-diverse, technology-intensive configura
tion focused on medium- and long-loop recovery strategies. Tech
nologies - such as Robotics, bio-refinery integration and automated 
sorting systems generate synergistic interactions that enable firms to 

repurpose and recover by-products efficiently (Recover R9, Repur
pose R7) as a core business model, while also complementing up
stream strategies (e.g., Rethink R1 or Reuse R3). The strategic 
contribution of automation is maximized when deployed across 
multiple stages of production and post-production processes, allow
ing for consistent valorization of residual streams and the creation of 
new circular business opportunities. Through the coordination of 

Fig. 7. Differentiator assessment for the three companies.

Fig. 8. Digital-circular pathways emerged from case studies.
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automated systems, companies can systematically reduce material 
losses, enhance product lifecycle value, and ensure compliance with 
circularity objectives, demonstrating that recovery-focused strate
gies can be operationalized effectively even in complex industrial 
contexts. This pathway reflects the CE literature on medium- and 
long-loop strategies (R3-R9), which focus on extending product life 
and recovering value [2,4], and exemplifies how I4.0 technologies 
can act as enablers for valorization and reverse logistics [3,20,21].

• Governance-oriented efficiency (e.i., Collis Veneto Wine Group): This 
pathway emphasizes strong managerial oversight, procedural 
coherence, and collective alignment to implement circular outcomes, 
particularly those associated with long-loop strategies. Governance 
mechanisms, including formalized protocols, broad coordination and 
monitoring dashboards, ensure the systematic application of R-stra
tegies and alignment with overarching sustainability objectives. By 
embedding circular principles into decision-making and operational 
routines, this approach facilitates efficiency improvements, renew
able energy adoption, and the valorization of residual resources. The 
strategic value of this pathway lies in its capability to leverage 
organizational structures to generate measurable environmental 
performance, maintain resilient processes and reinforce organiza
tional consistency. This approach is consistent with literature 
emphasizing the importance of organizational and managerial 
alignment in enabling circularity, particularly for long-loop strate
gies (R8-R9) where structural coordination complements techno
logical enablers [2–4,27].

Taken together, these patterns illustrate that the three MEs exemplify 
different modes of digital–circular integration: data-intensive preven
tion optimizes resource input, automation strengthens material recov
ery, and governance ensures institutional coherence.

Rather than representing isolated trajectories, these modes can 
function as complementary logics within a shared circular innovation 
ecosystem. Consequently, DCI captures how varying combinations of 
digital, technological and governance capabilities can achieve compa
rable sustainability outcomes, highlighting that multiple strategic 
pathways can effectively operationalize circular principles.

6. Theoretical and practical implications

From a theoretical perspective, this study contributes to the 
advancement of CE research by offering a structured mapping of the 
connections between sustainability measures, R-strategies, and the 
enabling role of I4.0 technologies within the wine sector. By introducing 
the concept of DCI, we provide a single integrative indicator capable of 
capturing the strategic alignment of digital enablement, technological 
variability and R-strategy coverage. This allows for a nuanced assess
ment of how firms operationalize the twin transition beyond mere 
technological investment, highlighting the importance of strategic and 
organizational integration. Notably, the results illustrate moving beyond 
a purely technology-centric perspective, common in empirical studies 
mapping I4.0 applications [3,8], toward a strategy- and 
governance-oriented understanding of the twin transition. By connect
ing the deployment of digital technologies with the alignment to 
R-strategies and organizational decision-making [2,19], our findings 
show that managerial choices and governance mechanisms, rather than 
technology alone, drive circular outcomes. This shift from a tech
nocentric to a strategic lens represents a first conceptual contribution, 
demonstrating that the effective implementation of CE principles re
quires integrating digital tools within broader organizational and stra
tegic frameworks, consistent with prior research highlighting the role of 
circular strategies and digital enablers in fostering resilient, efficient, 
and environmentally aligned industrial systems [1,2,19]. Furthermore, 
the identification of three distinct digital-circular pathways – 
data-driven prevention, automation-driven recovery, and 
governance-oriented efficiency – offers a typology for understanding 

how wine MEs align technology and circular practices in distinct but 
complementary ways. These findings open several avenues for future 
research, including the exploration of additional digital-circular trajec
tories within the wine sector, the comparison of pathways across sectors 
where the twin transition is central, such as fashion or agri-food, and the 
investigation of how DCI relates to firm performance, market outcomes 
and broader ecosystem-level sustainability. Moreover, the study lays the 
groundwork for examining how organizational structures, governance 
mechanisms, and stakeholder engagement shape the effectiveness of 
digital-circular integration.

From a practical perspective, the cases provide actionable insights 
for managers, policymakers and stakeholders in the wine industry. The 
DCI framework emerges as a concrete tool for measuring and monitoring 
the performance of the twin transition, enabling firms to evaluate the 
strategic alignment of their digital and circular initiatives. The three 
pathways highlight different approaches that firms may adopt depend
ing on their organizational characteristics and strategic priorities. Data- 
driven prevention demonstrates how short-loop efficiency and proactive 
resource management can be supported by advanced analytics and IoT 
technologies. Automation-driven recovery illustrates the potential of 
robotics and process automation to elevate waste valorization and 
integrate by-products into core business models. Governance-oriented 
efficiency emphasizes that procedural discipline, renewable energy 
adoption and strong coordination can achieve tangible environmental 
outcomes even in contexts with more selective digital deployment.

In addition, the study underscores the importance of institutional 
and regulatory factors in shaping the twin transition. Current public 
funding schemes are often concentrated on the development of precision 
agriculture technologies, such as IoT and Big Data monitoring systems, 
reflecting a focus on efficiency and control. The experiences of the three 
case companies mirror this trend, showing the predominance of moni
toring technologies in their circular practices. At the same time, the 
findings suggest that broader regulatory and policy support could enable 
the integration of more systemic R-strategies, including collaborative, 
service-oriented and reuse initiatives. By combining these insights, the 
study provides practical guidance for managers seeking to navigate the 
twin transition, offering a roadmap for adopting effective digital- 
circular strategies, enhancing organizational alignment and leveraging 
policy instruments to scale sustainable practices across the industry.

7. Closing remarks, limitations and future research agenda

This study demonstrates that leading wine MEs strategically inte
grate I4.0 technologies to implement CE principles. While digital tech
nologies do not underpin all circular measures, when they are deployed, 
the way I4.0 enables CE strategies is largely determined by managerial 
decisions and governance structures rather than by technological in
tensity alone, revealing how firms translate digital capabilities into 
strategic and operational circular practices. This interplay is manifested 
through three distinct digital-circular pathways which illustrate alter
native yet complementary approaches to operationalizing the twin 
transition. Through a case study of three leading firms in the Italian wine 
industry, the research highlights the different pathways that companies 
can undertake toward a circular and sustainable transition that lever
ages the potential of I4.0 technologies. The study was built on solid 
methodological and conceptual foundations, yet some limitations are 
acknowledged, which may open future research directions and follow- 
ups (summarized in Table 3). While the selection of the three case 
study companies is robust given the key characteristics aligned with the 
research focus, extending the investigation to a larger sample of firms 
(beyond geographical and size constraints) would help eliminate any 
potential selection bias. This would also enhance the statistical repre
sentativeness of the sample and potentially lead to more diverse results, 
enabling richer comparative analyses. The purely qualitative approach, 
although rigorous, could be complemented by a quantitative study to 
confirm the generalizability of the findings and to numerically assess the 
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sustainability and circularity outcomes achieved by firms in the sector 
through I4.0-enabled circular practices. For instance, developing a KPI- 
based framework could strengthen the results of the present study and 
validate their empirical and practical consistency from both a quanti
tative and mathematical perspective. A validation and results-deepening 
phase could be conducted by carrying out a series of interviews aimed at 
collecting feedback on the findings, in line with the objectives of Phase 4 
of the D&SC methodology. Furthermore, while the study addresses the 
existing gap in the literature regarding the role of I4.0 technologies in 
implementing circular measures for the twin transition, the link between 
technology and sustainable circularity goals remains under-theorized. 
This suggests new avenues for research, including exploring the role 
of stakeholders in circular practices and understanding how their 

influence shapes the use of I4.0 technologies. Insights from such studies 
could help firms achieve both twin transition objectives and long-term 
competitive advantage.
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Appendices

Table A1

Table A1 
Data Collection Protocol and Illustrative Examples by Research Phase.

Case study Phase B Primary 
data source 
(Mapping)

Example of retrieved 
primary information

Phase B Secondary data 
source (complementary)

Example of retrieved 
secondary information

Phase C 
Critical data 
source 
(analysis & 
validation

Example of final qualitative 
rating (Digital Enablement)

Mezzacorona 
Group

Company’s 
sustainability 
report

Specific KPIs on resource 
efficiency; documented 
integration of circular 
initiatives and green 
solutions

Corporate Websites, 
Social Media Profiles, 
Publicly Accessible 
Platforms

Commitment to 
sustainability practices, 
sustainable development 
projects

Focus group 
with five 
experts

Rating assigned for the Digital 
Enablement dimension: High (e. 
g., nearly all sustainable 
circular measures leverage 
technology)

Caviro Group Company’s 
sustainability 
report

Data on recovery rate, 
valorization of by- 
products, responsible 
energy consuption and 
sustainable best practices

Corporate Websites, 
Social Media Profiles, 
Publicly Accessible 
Platforms

Sustainable development 
projects, environmental 
certifications, published 
corporate policies

Focus group 
with five 
experts

Rating assigned for the 
Technological Variability 
dimension: Low (e.g., circular 
practices rely consistently on 
only two I4.0 technology 
families)

Collis Veneto 
Wine Group

Company’s 
sustainability 
report

Data on procurement 
processes, resource and 
waste management

Corporate Websites, 
Social Media Profiles, 
Publicly Accessible 
Platforms

Sustainable development 
projects, CE and 
regeneration initiatives

Focus group 
with five 
experts

Rating assigned for the R- 
Strategy Coverage dimension: 
High (e.g., practices converge 
across seven of the ten R- 
strategies)

Data availability

Data will be made available on request.
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[34] D.P.F. Möller, et al., «Impact of digital transformation for sustainable circular 
economic environments», Carb. Neut. Syst 1 (1) (2025) 7, https://doi.org/ 
10.1007/s44438-025-00001-3, fascmag.

[35] S. Rajput, e S.P. Singh, «Industry 4.0 model for circular economy and cleaner 
production», J. Clean. Prod. 277 (2020) 123853 https://doi.org/10.1016/j. 
jclepro.2020.123853 dic.

[36] M. Ghobakhloo, «Industry 4.0, digitization, and opportunities for sustainability», 
J. Clean. Prod. 252 (2020) 119869 https://doi.org/10.1016/j.jclepro.2019.119869 
apr.
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