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Abstract

This study evaluates the application of circular economy principles in the wine sector
through a demonstrative case developed within the LIFE Climawin project. The initiative
focuses on the local valorization of vineyard residues by producing biochar from vine
pruning and using it to enrich compost derived from winemaking by-products and sheep
manure. The combined application of these soil amendments aims to improve soil struc-
ture, enhance carbon sequestration, and reduce reliance on synthetic fertilizers. A systemic
evaluation was conducted using the Ecocanvas methodology—a conceptual framework for
mapping circular business models across environmental, economic, and social dimensions.
The analysis integrated a targeted literature review, examination of technical data, direct
field observations of composting and biochar production, and semi-structured interviews
with key stakeholders. Results indicate multiple benefits from localized residue valoriza-
tion, including improved compost quality, reduced greenhouse gas emissions, potential
contributions to long-term soil health, and enhanced resource efficiency. The analysis
also highlights economic opportunities, such as reduced dependency on external inputs,
and social value creation through local stakeholder engagement. Furthermore, the study
identifies factors that enable or constrain the replication and scaling of this model. These
findings contribute to frameworks for advancing circular, economically viable, and socially
inclusive climate-resilient agricultural systems.

Keywords: soil amendments; lignocellulosic waste; PESTEL analysis; circular business
model; sustainable viticulture

1. Introduction
Intensive agricultural activity has, in recent decades, increased pressure on ecosystems,

accelerating soil degradation, the loss of organic matter, and rising emissions of pollutants.
This problem is particularly acute in sectors such as viticulture, which generate large
volumes of lignocellulose waste and depend on specific climatic conditions to sustain
productivity [1]. Inadequate management of these residues not only poses environmental
risks but also constitutes the loss of resources that could be locally valorized through
circular strategies [2,3].

The circular economy provides a framework for transforming organic residues into
regenerative assets. Pyrolysis of pruning residues produces biochar, a material with high
stability, substantial carbon sequestration potential, and beneficial soil properties, including
high porosity and energy content [4]. When incorporated into compost derived from
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agricultural sources—such as sheep manure or wine industry by-products—biochar further
enhances soil quality and functions as a long-term carbon sink [2].

Despite promising advances, the recent literature indicates that a gap still exists be-
tween conceptual models and their practical application in the wine sector. In a systematic
review of both the scientific and gray literature, [5] highlighted the urgent need to develop
viable strategies for wine waste valorization that integrate technical, managerial, and orga-
nizational aspects. Their findings suggest that bridging this gap requires empirical case
studies that demonstrate how circular economy principles can be concretely applied in
wineries. This study seeks to respond to that challenge.

In Mediterranean regions, where viticulture is an economic and environmental pillar,
these practices are gaining particular importance. According to the author of [1], the val-
orization of waste in the wine sector not only reduces the carbon footprint and production
costs but also improves resilience to climatic and economic factors. The authors of [3]
complement this perspective by demonstrating, through life cycle analysis, that the conver-
sion of pruning residues into solid or liquid biofuels can close production cycles based on
circular economy principles.

In this context, the European LIFE Climawin project is framed, aimed at mitigating
climate change in the wine sector through the implementation of sustainable practices in
vineyards and wineries. Among its actions, it proposes a local strategy for the valorization
of viticultural residues based on the integration of pruning waste pyrolysis into the com-
posting process of agricultural and livestock by-products. This combined approach seeks to
apply biochar-enhanced compost to the soil in order to improve its quality, increase carbon
sequestration, and reduce dependence on external inputs.

To evaluate the broader implications of this strategy, beyond its technical performance,
the study applies the Ecocanvas methodology—a conceptual tool specifically developed to
map circular business models across environmental, economic, and social dimensions [6].
Consistent with the authors [7], Ecocanvas adapts the business model canvas to a sustain-
ability focus, embedding environmental challenges into strategic planning. This framework,
recently validated as a decision-making instrument to support agricultural organizations
in developing context-specific sustainable value propositions by the authors of [8], offers a
structured basis for integrating sustainability into business model design.

In this case, Ecocanvas is used to systematically analyze the circular strategy piloted at
Bosque de Matasnos—a winery located in a semi-natural landscape in northern Spain and
serving as a demonstrative site for the LIFE Climawin project. The model involves the local
production and application of biochar-enhanced compost derived from pruning residues,
winemaking by-products, and livestock manure, with the goal of improving soil health,
enhancing carbon sequestration, and reducing dependence on external inputs.

The application of Ecocanvas enables a structured visualization of resource flows,
stakeholder relationships, and value creation mechanisms within this regenerative model.
It serves both as a diagnostic and strategic tool, identifying the key actors, inputs, and
outputs involved, as well as the environmental and social impacts generated by the inter-
vention. Complementary to this, a targeted PESTEL analysis was conducted to account for
relevant political, economic, and regulatory factors shaping the viability of the model.

This study evaluates biochar-enhanced compost not merely as an agronomic amend-
ment, but as a circular economy intervention in viticulture. Unlike previous works focused
primarily on technical performance, our contribution lies in analyzing its environmental,
social, and economic potential through the Ecocanvas framework. The main objective
is to assess the pilot implementation of this circular strategy within the LIFE Climawin
project and to explore its role in regenerative and circular viticulture. Specifically, the study
(i) characterizes the composting process and establishes key performance indicators (KPIs),
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(ii) integrates agronomic and contextual data into a systemic analysis of Ecocanvas building
blocks, and (iii) identifies opportunities for circular business model innovation aligned
with the European Green Deal and the Sustainable Development Goals (SDGs). In doing
so, the research bridges the gap between theory and practice in circular economy appli-
cations, providing a replicable and scalable model for sustainable soil management in
Mediterranean vineyards.

The article is organized into six main sections. Following this introduction, Section 2
presents the theoretical frameworks regarding the circular economy in agriculture and the
properties of biochar. Section 3 describes the materials and methods used. Section 4 reports
the results of applying the ECOCANVAS methodology to the biochar-enhanced compost
measure. Section 5 provides the discussion, and Section 6 concludes with the main findings
and implications for replication.

2. Theoretical Framework
2.1. Circular Economy in the Wine Sector

The transition from linear to circular models is a key transformation in the food
industry, with the wine sector being particularly relevant due to its economic, social, and
environmental importance [9]. Unlike the traditional extract–produce–consume–dispose
approach, the circular economy seeks to regenerate resources, extend material life, and
revalorize waste as new inputs [10,11].

Wine production generates by-products like grape pomace, lees, and stems, rich in
bioactive compounds, which can be used in the food, cosmetics, energy, and pharmaceutical
sectors [12]. This industrial symbiosis allows these residues to become valuable resources,
closing production cycles [13].

Studies using Life Cycle Assessment (LCA) and Life Cycle Costing (LCC) show that
circular strategies—such as bottle reuse—can reduce greenhouse gas emissions by up to
90% and lower costs by up to 63% in small wineries [14]. Combining LCA with circular
economy tools also helps identify environmental hotspots, support eco-design, promote
nutrient recovery, and increase renewable energy use [15,16].

However, implementation is still limited. Many initiatives focus only on waste reduc-
tion or recycling and often neglect areas like soil management, biodiversity, and agrochem-
ical use [17]. The author in [5] highlights the need for integrated strategies that address
technical, managerial, and systemic aspects.

The “10R” framework—rethink, reduce, reuse, repair, restore, remanufacture, recycle,
recover, regenerate, and redesign—offers a useful lens for evaluating circular practices.
Research in wineries in northwestern Italy shows that by-product reuse is common, but
there is still room to redesign processes, extend product life, and reduce inputs [18].

In this context, the circular economy is not just about managing waste, but about
redefining how viticulture relates to the environment. It involves moving toward regenera-
tive, resilient, and socially responsible systems through cultural change, collaboration, and
long-term sustainability planning. Within this approach, regenerative practices allow for
the revalorization of agricultural residues while improving soil health, biodiversity, and
climate resilience.

2.2. Biochar-Enhanced Compost: Scientific Evidence and Benefits in Vineyards

Soil health is critical to vineyard productivity and ecosystem integrity, especially in
Mediterranean regions facing degradation from intensive tillage, agrochemical use, and
climate change [19,20]. Agrochemical inputs alone contribute up to 37% of viticultural GHG
emissions [21]. In this context, improving soil fertility, biological activity, and resilience
is essential.
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The application of organic amendments—particularly biochar, compost, or their
combination—offers a key agroecological solution aligned with circular economy prin-
ciples [22–25]. Biochar, produced by pyrolysis of pruning residues or forestry biomass,
enhances soil structure, water retention, and carbon sequestration [26,27]. Mediterranean
studies report improved drought resilience and up to 45% higher water retention without
negative ecological effects [28–30].

Compost from sheep manure, grape pomace, and winery by-products provides nu-
trients, microbial diversity, and stabilized organic matter [31]. Grape pomace and other
winery by-products contribute substantial amounts of organic matter, nitrogen, potassium,
minerals, and bioactive phenolic compounds. Their typical composition includes approxi-
mately 50–60% dietary fiber, 10–15% protein, and around 5% minerals, alongside diverse
polyphenols with recognized bioactivity [32–35]. These characteristics make them valu-
able inputs for composting processes, enhancing nutrient availability while also enriching
composts with secondary metabolites that may influence soil microbial activity.

Several studies report successful experiences in valorizing grape pomace and winery
residues through composting and vermicomposting. For instance, the co-composting of po-
mace with stalks or manures has been shown to accelerate compost maturation and improve
nutrient profiles, producing organic amendments suitable for vineyard application [36–38].
Vermicomposting has also emerged as a promising strategy, yielding stabilized products
that increase soil organic carbon and total nitrogen stocks while enhancing microbial
activity [39,40]. Field trials confirm that the application of grape pomace-derived com-
posts can improve soil fertility, water-holding capacity, and vine performance, ultimately
contributing to grape quality and vineyard resilience.

When combined with biochar, synergistic effects improve nutrient retention, reduce
losses, and enhance compost quality [41–43]. Research confirms that biochar-enhanced
compost boosts soil carbon by 11–17% [44], increases microbial activity, and supports
pathogen suppression and fungal diversity [45,46]. Several studies also show that this
mixture improves carbon stability, enhances mineralization efficiency, increases water-
holding capacity, and promotes the development of functional microbial communities [47].
Life cycle assessments show reduced environmental impacts—global warming, acidifica-
tion, eutrophication—compared to mineral fertilization [48].

These results position biochar-enhanced compost as more than just a soil amendment.
It constitutes a strategic agronomic intervention aligned with circular economy principles,
enabling the transformation of locally available residues—such as vine pruning, livestock
manure, and winery by-products—into regenerative inputs that enhance soil fertility and
carbon retention. Particularly in Mediterranean regions facing intensifying drought and
degradation, this practice offers a viable, context-sensitive solution aligned with the Euro-
pean Green Deal and the Common Agricultural Policy. Beyond its technical efficacy, its
adoption supports the environmental positioning of wineries in sustainability-oriented
markets and strengthens the resilience of agroecosystems. However, scaling its use requires
overcoming barriers such as initial costs, knowledge gaps, and regulatory uncertainties re-
lated to biochar. Therefore, its integration should be evaluated not only in agronomic terms,
but within a broader systemic framework that includes institutional support, stakeholder
collaboration, and long-term sustainability planning. When embedded in enabling policies
and supported by training and cooperative networks, this circular strategy can become a
replicable model for climate-resilient viticulture in drought-prone areas and beyond.

2.3. The Ecocanvas Methodology for the Analysis of Circular Models

The use of biochar-enhanced compost in viticulture represents a regenerative and
circular strategy that requires evaluation beyond agronomic and environmental metrics,
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extending into the transformation of business models. In this context, Ecocanvas emerges
as a relevant methodological tool for visualizing, designing, and evaluating circular models
adapted to real-world organizational challenges.

The Ecocanvas draws inspiration from the Business Model Canvas [49], but inte-
grates critical circular economy principles—such as resource reuse, industrial symbiosis,
eco-design, and ecosystem regeneration—into its structure [6]. More than a business ac-
tivity template, the Ecocanvas enables organizations to develop value propositions that
reflect systemic interactions, long-term implications, and the transformation of waste into
regenerative inputs.

Its versatility has been demonstrated in multiple sectors. In small and medium-
sized wineries, for instance, Ecocanvas has been used to align production processes with
circularity principles [6]. In other industries, it has supported decision-making in SMEs
by integrating sustainability and digitalization [8], and has guided functional beverage
production [50], clean tech entrepreneurship [7], and inclusive business model innovation
through the Triple Helix approach.

This expanding body of literature confirms the strategic value of Ecocanvas as both a
diagnostic and design tool for sustainability-oriented innovation. However, its potential
to analyze concrete agroecological interventions—such as circular soil amendments in
viticulture—remains underexplored. By applying the Ecocanvas framework to the imple-
mentation of biochar-enhanced compost in a Mediterranean winery, this study contributes
to bridging that methodological gap and highlights the relevance of this tool for advancing
regenerative transitions in agri-food systems.

3. Materials and Methods
3.1. Case Study

This study applied the Ecocanvas methodological framework as a systemic tool to
assess a circular mitigation measure developed within the LIFE Climawin project at the
Bosque de Matasnos winery, located near Peñaranda de Duero (Burgos, Spain), on the
northern edge of the Ribera del Duero appellation in Castilla y León. The estate comprises
74 ha of vineyard, 80 ha of forest and 50 ha of cereal, legume, and oilseed crops used
for both animal feed and soil regeneration, complemented by livestock and beekeeping
activities. Within this diversified agroecosystem, the intervention focused on producing
and applying biochar-enhanced compost from locally available residues, such as woody
forest residues and vine pruning waste for biochar production, and sheep manure together
with winery by-products for composting. The objective was to holistically analyze the
environmental, social, and economic implications of this circular practice.

The winery is situated at approximately 950 m above sea level (41◦45′ N, 3◦28′ W)
and is exposed to a continental Mediterranean climate characterized by cold winters, hot
summers, and pronounced diurnal temperature variation. Average annual precipitation
is 500–600 mm, and the mean annual temperature is 11–12 ◦C, with summer maxima
frequently above 30 ◦C. The soils are predominantly sandy-loam to loam, moderately
calcareous, slightly alkaline, and low in organic matter. These conditions, typical of
Mediterranean vineyards, increase vulnerability to drought and soil degradation, making
biochar-enhanced compost particularly suitable for improving soil carbon content, fertility,
water retention, and resilience.

The methodological approach combined empirical and qualitative inputs. The project’s
technical partner generated the agronomic data from the composting process under real
operating conditions. Our research, in turn, focused on the environmental, social, and eco-
nomic dimensions of the intervention, adopting a systemic perspective. Activities included
participation in technical work sessions, field visits to vineyards and processing facilities,
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and semi-structured interviews with key stakeholders. This collaborative design ensured
that experimental results were embedded in a broader systemic assessment of impacts,
value creation mechanisms, and circular synergies through the Ecocanvas framework.

Biochar used in this study was obtained through two different approaches, depending
on the project phase. In Phase I (2023–2024), commercial biochar derived from holm
oak pruning and barrel residues was supplied by a local producer, using the traditional
earth-covered pit method of slow pyrolysis (>600 ◦C). In Phase II (2024–2025), currently in
progress, the winery has begun producing its own biochar on-site with the same earth-pit
method, using vineyard pruning residues together with forest biomass from the estate
as feedstock.

3.2. Methodological Structure and Operational Tools of Ecocanvas

Table 1 summarizes the Ecocanvas methodology, outlining the correspondence be-
tween its seven operational stages, the specific instruments applied, and the business model
blocks primarily addressed. This schematic overview, adapted from [6], provides a compre-
hensive reference for the full scope of the framework. It facilitates a quick understanding
of its systemic logic before presenting its application to the pilot case.

Table 1. Correspondence between methodological stages, tools, and Ecocanvas blocks.

Methodological Stage Applied Tools Main Ecocanvas Blocks Addressed

A. Strategic Diagnosis

A1. Needs and Challenges
A2. Mission, Vision, and Values
A3. Selection of Product or System
A4. KPIs

I. Needs/Challenges

B. Circular Value Proposition B. Unique Circular Value Proposition X. Unique Circular Value Proposition
II. Customer Segments

C. Environmental Analysis C. PESTEL Analysis V. Environmental Anticipation
VII. Social Anticipation

D. Life Cycle and Stakeholders
D0. Stakeholder Map
D1. Life Cycle Flows
D2. Life Cycle Assessment (LCA)

VIII. Stakeholder Relationships
IV. Circular Value Chain
III. Key Resources

E. Circular
Opportunities E. Identification of Circular Opportunities IV. Circular Value Chain

F. Strategies and Definition
F0. Circularity Strategies
F1. Definition of Proposal
F2. Proposal Evaluation

IX. Communication and Sales
XI. Revenue Streams
VI. Cost Structure
XII. Circular Business Innovation

G. Implementation G. Roadmap for Circular Transformation Integrates and consolidates all blocks
Source: Adapted from [6].

While [6] originally introduced Ecocanvas and structured its operational stages,
the framework has since been consolidated as a strategic tool for redesigning business mod-
els toward regenerative and circular approaches. It integrates twelve interlinked building
blocks—grouped into three functional dimensions (value proposition, operational model,
and circularity/impact)—with fifteen practical tools deployed through seven sequential
stages (A–G). Unlike linear approaches such as the Business Model Canvas, Ecocanvas
incorporates instruments for anticipating environmental and social impacts, mapping
circular value chains, and fostering systemic innovation.

It is important to note, however, that Ecocanvas is not a rigid methodology [6]. The
stages and tools can be adapted to different research contexts, and results may be structured
according to the most suitable narrative for each study. This flexibility makes it possible to
highlight those components most relevant to the case while preserving analytical rigor.
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Several recent adaptations of Canvas-based frameworks further demonstrate the ro-
bustness and adaptability of this family of tools. These include the Responsible Business
Model Canvas [51], the Circular Business Model Value Dimension Canvas [52], the Cir-
cular Business Ecosystem Model Canvas [53], and applications of Eco-Canvas in energy
transition [54] and low-carbon tourism [55]. Together, these studies validate the use of
Canvas-derived frameworks for analyzing sustainability and circular economy strategies.

In the present study, Ecocanvas serves as the overarching framework for assessing
and redesigning a circular business model in the wine sector. Its specific application to
the biochar-enhanced compost strategy developed within the LIFE Climawin project is
detailed in Section 3.3. By embedding this intervention in Ecocanvas, the analysis goes
beyond technical performance to highlight stakeholder interactions, enabling conditions,
and opportunities for replication and scaling within circular viticulture.

3.3. Practical Application of Ecocanvas in the Pilot Case: Bosque de Matasnos Winery

The Ecocanvas framework was applied in a modular manner, focusing on those stages
and building blocks for which robust empirical and qualitative evidence was available. This
section describes the methodological procedure adopted under real vineyard conditions.
The sequence of presentation in the results has been adapted for clarity: the agronomic
outcomes and key performance indicators (KPIs) derived from the composting process are
first reported in Section 4.1, while the systemic analysis based on Ecocanvas is developed
in Section 4.2, following the order of its building blocks.

The procedure began with a strategic diagnosis to identify the main needs and chal-
lenges associated with waste management, soil fertility, and climate-related pressures.
These challenges were contextualized through a PESTEL analysis, which examined politi-
cal, economic, social, technological, environmental, and legal factors. The PESTEL was not
treated as a stand-alone block, but as a transversal tool informing the subsequent elements
of the Ecocanvas.

Building on this foundation, the framework guided the design of the unique circular
value proposition, which was directly linked to the customer segments most sensitive to
regenerative and sustainability-oriented practices. The key resources sustaining this model
were then identified, followed by the configuration of the circular value chain and the
mapping of stakeholder relationships that enable implementation.

The framework also incorporated environmental foresight and impact, and social
foresight and impact, allowing for the anticipation of outcomes in terms of greenhouse gas
mitigation, soil regeneration, local employment, and community engagement.

Finally, the market and economic dimensions were considered. Communication and
sales were analyzed to understand how the value proposition could be transmitted and
monetized, while the cost structure and revenue streams captured the economic viability
of the strategy. All components were then integrated into the circular business model and
innovation, explicitly aligned with the Sustainable Development Goals (SDGs).

Figure 1 summarizes the methodological workflow applied in this study. The agro-
nomic assessment framework, based on composting with and without biochar, provided
key performance indicators (Section 4.1), which were subsequently integrated into the
Ecocanvas systemic analysis (Section 4.2).

This diagram illustrates how empirical agronomic data, stakeholder input, and contex-
tual analysis were embedded into the Ecocanvas framework to construct a circular business
model for viticulture.
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Figure 1. Methodological workflow.

4. Results of Applying the Ecocanvas Methodology to the
Biochar-Enhanced Compost Measure

This section presents the results of the pilot implementation of the biochar-enhanced
compost strategy at Bosque de Matasnos. The analysis is structured in two parts:
Section 4.1 reports agronomic outcomes and key performance indicators (KPIs), providing
quantitative evidence on compost quality, nutrient dynamics, and greenhouse gas miti-
gation. Section 4.2 then applies the Ecocanvas framework to integrate these results with
stakeholder input and contextual factors into a circular business model analysis, highlight-
ing opportunities for circular innovation and alignment with the Sustainable Development
Goals (SDGs).

4.1. Agronomic Results and Key Performance Indicators (KPIs)

Phase I (2023–2024) of the LIFE Climawin project tested the use of biochar-enhanced
compost at the Bosque de Matasnos winery. As described in Section 3.1, this first phase
used commercial biochar produced from holm oak pruning and barrel residues by slow
pyrolysis (>600 ◦C). Phase II will transition to on-site biochar production from vineyard and
forest residues, thus closing the circular loop at the farm level by valorizing local biomass
and reducing dependence on external inputs.

The pilot experiment began on 16 November 2023 with the establishment of two
composting piles under controlled field conditions: a control pile with standard compost
(without biochar) and an experimental pile amended with biochar at 20% by volume.
Each pile contained approximately 15 metric tons of material, composed of 83% fresh
sheep manure with bedding (70 t) and 17% winemaking by-products, mainly grape marc
and sorting residues (14.5 t). The composting process lasted until 16 April 2024, during
which key parameters were systematically monitored, including temperature, moisture,
pH, electrical conductivity, total organic carbon (TOC), nitrogen fractions (ammonium
and nitrate), phosphate content, and biological maturity assessed through the germination
index of Lepidium sativum. Table 2 summarizes the main physicochemical results of the
composting process for both treatments, comparing values for pH, electrical conductivity,
carbon and nitrogen content, essential nutrients, and compost maturity indicators.
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Table 2. Quality parameters of the compost at the end of the process.

Parameter Compost Without Biochar
Mean ± Standard Deviation

Compost + Biochar (20%)
Mean ± Standard Deviation

pH 10.09 ± 0.01 10.11 ± 0.02
Electrical conductivity (mS cm−1) 2.18 ± 0.06 2.91 ± 0.04
Total organic carbon (%) 13.7 ± 0.31 25.30 ± 0.51
Total nitrogen (%) 0.92 ± 0.01 1.38 ± 0.03
Potassium (g kg−1) 23.46 ± 1.06 27.51 ± 0.73
Phosphorus (g kg−1) 2.97 ± 0.08 3.96 ± 0.04
Ammonium NH4

+-N (mg kg−1) 35.10 ± 18.90 16.00 ± 1.50
Nitrate NO3

−-N (mg kg−1) 8.00 ± 0.40 98.20 ± 8.80
Phosphate (PO4

3−) (mg kg−1) 36.80 ± 1.60 31.00 ± 4.30
Germination index (%) 59.40 ± 3.40 59.40 ± 3.80
Maturity time (days) ~90 <65

The physicochemical characterization of the compost and biochar was carried out using
standardized and widely recognized methods to ensure the reliability of the results. For the
compost, moisture content was determined gravimetrically, organic matter by loss-on-ignition
at 550 ◦C, and pH and electrical conductivity in a 1:10 aqueous extract [56]. Nitrogen fractions
were analyzed as ammonium (NH4

+) using Berthelot’s reaction [57], and nitrate (NO3
−) by

HPLC, together with phosphate quantification. Total organic carbon (TOC) and total nitrogen
(TN) were measured by elemental analysis (LECO CHNS-932), while biological maturity was
assessed through the germination index of Lepidium sativum seeds following [58], using ten
replicates per sample. Representative samples were obtained by mixing five subsamples from
each pile, and the values are reported as means ± standard deviation.

As shown in Table 2, the incorporation of biochar into the composting process resulted
in higher organic carbon and nitrogen content, increased nitrate availability, and a reduc-
tion in ammonium concentration. The treatment with biochar also accelerated compost
maturation (shortening the time to stability by about 25 days) and did not show signs of
phytotoxicity, as indicated by stable germination index values. Table 3 presents the proper-
ties of the biochar used in Phase I, which showed high organic carbon content, alkaline pH,
and low electrical conductivity—characteristics consistent with biochars produced from
woody feedstocks by slow pyrolysis at temperatures >600 ◦C. These properties explain
its role in improving compost stability, reducing nitrogen losses, and enhancing microbial
activity during the process.

Table 3. Physicochemical properties of the biochar used.

Property Value

Origin Local forest residues
Production method Slow pyrolysis, >600 ◦C
Bulk density 330 g L−1

pH 8.10
Electrical conductivity (mS cm−1) 0.65
Total organic carbon (%) 73.30
Total nitrogen (%) 1.00
Moisture content (%) 6.00

In addition to improving compost quality, the incorporation of biochar noticeably
reduced greenhouse gas emissions during the process. CH4 and CO2-eq emissions were es-
timated using the factors proposed by the authors in [59], adapted to the specific conditions
and scale of the project. Table 4 indicates the emission values observed during composting.
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Table 4. Emission mitigation during composting.

Indicator Compost Without
Biochar

Compost with
Biochar

Difference/
Improvement

Annual CH4 emission (kg per year) 972 240 −75%
Annual CO2-eq emission (kg per year) 81,648 20,160 −75%
CO2-eq avoided per bottle (g per bottle) * — — 307

* Note: CO2-eq avoided per bottle was calculated from the difference in annual CH4 emissions between treatments,
converted to CO2-equivalents using a 20-year global warming potential (GWP(20) = 84), and divided by the annual
winery production (200,000 bottles).

Following the composting process, both treatments—standard compost and biochar-
enhanced compost—were applied in March 2024 to vineyard plots at Bosque de Matasnos
within a planned, multi-phase field assessment. This sequential design, aligned with
the LIFE Climawin methodology, allows clear attribution of effects by first isolating the
composting stage (Phase I, presented here) and its direct process-related impacts, before
integrating post-application soil and vine dynamics (Phase II, March 2024–June 2025),
currently under scientific monitoring. This second phase also incorporates a new com-
posting trial using biochar produced on-site from vineyard and forest residues, advancing
towards greater circularity and eliminating transport-related emissions. Results from
Phase II will be reported in subsequent publications, providing comparative insights into
composting efficiency, soil performance, and climate mitigation potential over the full cycle.

To synthesize the results and support their integration into the Ecocanvas-based
analysis, Table 5 presents a selection of Key Performance Indicators (KPIs) derived from
Phase I of the pilot project.

Table 5. Environmental and Operational KPIs from the Composting Stage (Phase I).

KPI Value (2024) Interpretation/Significance

CH4 emissions reduction
during composting (%) −75 % Major reduction in

GHG emissions

CO2-eq avoided per bottle of
wine (g per bottle) 1 307 Lower cradle-to-grave

carbon footprint

Increase in compost
organic carbon (%) +84%

Compost with biochar contains
84% more OC than compost
without biochar at the end of the
process (per Table 2 calculation)

Reduction in maturation
time (days) −25

Compost reaches maturity
25 days faster with biochar
(per Table 2)

Rural job creation
(monitoring, operation) Not quantified Considered as a potential

co-benefit

Responsible sourcing:
PEFC certificate for forest
management

Achieved (2025)

Ensures sustainable, certified
biomass for biochar; enhances
landscape and biodiversity
value; market differentiation

1 See Table 4 for the calculation method.

These indicators reflect the main environmental, operational, and resource efficiency
impacts formally documented during the composting process—including greenhouse
gas mitigation, improved compost stability, reduced maturation time, and circularity-
related benefits such as responsible biomass sourcing (e.g., PEFC certification). Potential
qualitative contributions, such as rural employment generation, are also noted. In line with
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the sequential design of the study, KPIs reported at this stage correspond exclusively to
the composting phase, prior to the integration of post-application soil and vine metrics
currently being monitored in Phase II. This phased approach ensures that the performance
of the biochar-enhanced compost is rigorously characterized before linking it to field-level
outcomes. These indicators provide the quantitative foundation for the systemic business
model analysis presented in the following section.

4.2. Ecocanvas-Based Systemic Analysis and Circular Business Model

The Ecocanvas framework was applied to provide an integrated representation of
the circular model based on the production of biochar-enhanced compost at the Bosque
de Matasnos winery. This representation encompasses all twelve building blocks of the
tool, showing their interrelations, resource flows, and value-creation mechanisms within
the system.

Figure 2 displays the complete Ecocanvas developed for this case, offering an overall
view of the model’s structure and operational logic, integrating environmental, economic,
and social dimensions.

 

Figure 2. Ecocanvas applied to the circular biochar-enhanced compost strategy at Bosque de Matasnos
winery (LIFE Climawin framework).

Beyond illustrating the internal consistency of the model, the Ecocanvas also highlights
its potential scalability, replicability, and alignment with EU policy objectives on climate
mitigation and circular economy. In this sense, the framework not only visualizes the
business strategy but also generalizes the lessons learned into a transferable tool for other
wineries and agri-food systems seeking to integrate biochar into circular business models.

4.2.1. Needs and Challenges

The implementation of the circular model at Bosque de Matasnos was driven by a key
operational need: to improve the management and valorization of organic waste generated
on the estate, including pruning residues, grape pomace, stems, forest biomass, and sheep
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manure. Although composting was already practiced as a basic regenerative strategy,
opportunities were identified to enhance both the agronomic performance of the compost
and its environmental impact.

The main challenge was to increase composting efficiency—particularly in terms
of nutrient retention, maturation time, and carbon stabilization—while simultaneously
reducing emissions and dependence on external inputs. To address this, the LIFE Climawin
project introduced biochar as a compost enhancer, aiming to improve compost quality and
contribute to climate mitigation.

This innovation enables the winery to move towards a more autonomous and resilient
production model. By integrating biochar into its composting system, the operation aligns
more closely with the principles of the circular economy and regenerative agriculture, while
reinforcing compliance with sustainability standards and performance targets demanded
by environmentally conscious markets.

These challenges and priorities provide the foundation for the systemic assessment
presented in the following sections, beginning with a contextual PESTEL analysis.

4.2.2. PESTEL Analysis

To understand the systemic context in which the Bosque de Matasnos circular model is
implemented, a PESTEL analysis was conducted to identify the political, economic, social,
technological, environmental, and legal factors influencing the adoption of regenerative
practices. This tool highlights both the incentives and constraints of the operating en-
vironment, as well as the strategic opportunities that support the model’s viability and
replicability. Table 6 shows a structured summary of these factors, serving as a foundation
for a deeper examination of the most relevant environmental and social impacts of the case.

Table 6. PESTEL Analysis.

Factor Key Aspects and Local Context

Political

Strong institutional support for the circular economy at EU and national
levels (CAP, NextGen EU, incentives for regenerative practices).
National and regional strategies for reducing chemical inputs and
valorizing agricultural waste.
The Ribera del Duero D.O. promotes viticultural sustainability, the use
of native grape varieties, and yield limitations.

Economic

Cost savings on external inputs through in-house compost and
biochar production.
Initial infrastructure investment offset by internal resources
(manure, prunings, forest biomass).
Access to premium niches due to traceability and a low
carbon footprint.
Potential revenues from carbon credits and climate-related programs
(e.g., CAP).

Social

Rising demand from conscious consumers (organic, local wines with
sustainability narratives)
Rural employment generation and community strengthening.
Positive recognition of regenerative practices via wine tourism,
environmental education, and customer loyalty linked to transparency.

Technological

Innovation in composting and pyrolysis supported by
European funding.
Ongoing need for training in regenerative technologies.
Challenges in scaling production, adapting equipment to available
residues, and ensuring quality control in biochar and compost.
Growing interest in digital tools for environmental traceability.
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Table 6. Cont.

Factor Key Aspects and Local Context

Environmental

Climate change threats in Ribera del Duero (drought, water stress,
early ripening).
Soil resilience, water retention, and carbon sequestration improved
through compost and biochar.
Integration of sustainable forest management in a protected landscape.
Potential risks from emissions and leachate if not properly managed.

Legal

Increasingly strict EU and national regulations on agricultural and
livestock waste (manure, prunings, GHG emissions).
Rules on the use of organic amendments and fertilizers.
Tighter restrictions on plant protection products and growing
traceability requirements for organic certification and D.O. schemes.

Overall, the PESTEL analysis shows that the Bosque de Matasnos model benefits
from a favorable political and social environment, reinforced by strong consumer demand
and institutional support for circular practices. At the same time, technological and legal
aspects represent the main challenges, particularly regarding scalability, quality assurance,
and compliance with increasingly stringent regulations. By situating the model within
this systemic context, it becomes clear that its long-term viability depends not only on
agronomic performance but also on the ability to navigate regulatory frameworks, leverage
policy incentives, and strengthen technological capacity.

Building on this comprehensive contextual analysis, the next section details the strate-
gic resources and capacities available to Bosque de Matasnos, which support the develop-
ment of an integrated circular value proposition.

4.2.3. Unique Circular Value Proposition

The circular value proposition developed at Bosque de Matasnos is defined by its
capacity to integrate agricultural, livestock, and forest residues into a regenerative pro-
duction model that operates entirely within the estate. By transforming internally gener-
ated biomass—such as vine prunings, sheep manure, and winemaking by-products—into
biochar-enhanced compost, the winery closes material loops and aligns production with
principles of circularity, low-impact farming, and ecological restoration.

This integrated approach redefines waste as a strategic asset, embedding environ-
mental innovation directly into the core of the winery’s business model. Rather than
relying on fragmented or external sustainability measures, the intervention consolidates
value creation across environmental, operational, and reputational dimensions. The prac-
tice of producing regenerative soil amendments on-site reinforces both input autonomy
and authenticity—critical attributes in high-value wine markets increasingly shaped by
sustainability expectations.

Moreover, the model links environmental stewardship with market differentiation,
allowing the winery to communicate a transparent, science-backed narrative of circularity.
This narrative not only enhances consumer trust but also positions the winery as a reference
for scalable regenerative practices in Mediterranean viticulture.

4.2.4. Customer Segment

The market segment targeted by Bosque de Matasnos is composed primarily of envi-
ronmentally conscious consumers who place a high value on traceability, production ethics,
and product authenticity. This profile is especially relevant in the premium and estate wine
segment, where sustainability credentials and transparent communication of production
practices are becoming decisive drivers of differentiation.
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In addition to individual consumers, the winery engages with strategic intermediaries
such as organic-certified restaurants, boutique hotels, and specialized wine distributors.
These actors not only provide access to niche markets but also act as multipliers of the
sustainability narrative, using environmental performance and circular sourcing as differ-
entiation tools in competitive contexts.

Wine tourism also plays a complementary role in reinforcing brand perception. On-site
visits allow consumers to experience the winery’s environmental practices firsthand, which
strengthens customer loyalty and encourages informal dissemination of the sustainability
message through experiential narratives.

By responding to these market expectations, the circular model enhances the winery’s
commercial positioning while contributing to broader shifts in consumption patterns
toward climate-resilient and ethically produced goods. Understanding and addressing the
preferences of these consumer segments is therefore not only key to the model’s economic
viability but also to its scalability and replication across other wine-producing regions.

4.2.5. Key Resources

The implementation of the circular model at Bosque de Matasnos is supported by a
set of strategic resources that enable the operation of the biochar-enhanced composting
system. These include renewable organic inputs, basic agricultural infrastructure, technical
monitoring tools, and specialized human capital—all of which contribute to the model’s
functionality, credibility, and replicability.

From a material standpoint, the winery secures a steady internal supply of organic mat-
ter derived from viticultural operations (e.g., pruning residues), integrated sheep farming
(manure), forest biomass, and winemaking by-products (grape pomace and stems). These
inputs provide the nitrogen-carbon balance required for composting, ensuring resource
circularity and reducing dependency on external inputs.

Basic agricultural equipment, such as a tractor with a front loader, facilitates on-site
material handling, while composting is carried out in static piles within a designated
outdoor area. Technical monitoring includes routine measurements of temperature, pH,
and moisture, complemented by laboratory analyses to guarantee compost quality and
compliance with environmental standards.

The human dimension is equally critical. Trained personnel oversee composting oper-
ations, biochar handling, and quality control, while scientific collaboration with institutions
such as CEBAS-CSIC enhances methodological rigor and process validation. Administra-
tive resources further support traceability and regulatory compliance, enabling access to
sustainability certifications and eco-labeling schemes.

Together, these physical, technical, and organizational resources form the operational
backbone of the winery’s circular value proposition. Beyond sustaining the internal closed-
loop system, they demonstrate how locally available assets can be leveraged to build
regenerative value chains, offering replicable lessons for other agri-food businesses seeking
circular economy transitions.

4.2.6. Circular Value Chain

The circular value chain implemented at Bosque de Matasnos is structured around
the closed-loop transformation of on-site organic residues into regenerative soil amend-
ments. This vertically integrated model involves the systematic collection, processing, and
reintegration of vineyard pruning, forest biomass, and sheep manure through a combined
composting and biochar production system.

Figure 3 illustrates the operational flow of this circular value chain, detailing how
internal resources are managed from origin to application. Each stage—residue collec-
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tion, biochar integration, composting, and vineyard application—is carried out within
the estate, minimizing external inputs and emissions, while maximizing traceability and
resource efficiency.

Figure 3. Process flow diagram of the circular value chain for the biochar-enhanced compost strategy
at Bosque de Matasnos.

Rather than relying on fragmented or outsourced inputs, the winery has developed
a self-contained system that captures both environmental and agronomic value. This
structure enhances operational autonomy, ensures alignment with regenerative agriculture
principles, and consolidates circularity as a central axis of production strategy.

The design and functionality of this value chain also enable robust monitoring and con-
tinuous improvement, supported by scientific validation in partnership with CEBAS-CSIC.
This integration of operational control and empirical feedback strengthens the model’s
potential for replication in similar viticultural contexts.

As shown in Figure 3, this flowchart offers a visual synthesis that complements the
narrative, making the systemic logic of the circular model more tangible. The circular
value chain at Bosque de Matasnos integrates natural and technical resources, operational
processes, stakeholder engagement, and monitoring mechanisms into a coherent system.
Such a design not only delivers environmental and agronomic benefits on-site but also
demonstrates the replicability of a low-input, circular approach to vineyard management.
By combining operational autonomy with scientific validation, the model stands as a
transferable reference for other wineries and agricultural enterprises seeking to align with
EU climate targets and the Sustainable Development Goals.
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4.2.7. Stakeholders Relationship

The successful implementation of the circular model at Bosque de Matasnos is sus-
tained by a robust ecosystem of stakeholders, encompassing internal commitment, scientific
collaboration, institutional support, and active consumer engagement. These relationships
form a strategic network of influence and cooperation that not only strengthens the daily
operation of the model but also enhances its credibility, scalability, and long-term viability.

At the heart of the model lies Bosque de Matasnos, the winery itself, which acts as
the central coordinating actor and primary driver of the circular strategy. Its owner plays
an inspirational and operational leadership role, translating a vision of sustainability into
concrete, replicable actions. Direct engagement with visitors strengthens the narrative of
authenticity, linking technical practices with experiential learning.

The agricultural and technical personnel form another pillar of this internal ecosys-
tem. They are responsible for the implementation of composting and biochar production,
ensuring process integrity and direct execution of the regenerative practices. The direct
involvement of agricultural staff ensures operational control and facilitates continuous
improvement, supported by systematic monitoring and evaluation.

A defining feature of the model is the integration of a sheep farming system within the
estate, which supplies the manure used in composting. This synergy between viticulture
and livestock reinforces the closed-loop design of the circular strategy, enhancing nutrient
cycling and on-farm resource efficiency—key pillars of regenerative agroecology and the
circular bioeconomy.

Additionally, input and machinery suppliers (e.g., for pyrolysis and composting
systems) provide critical technological infrastructure and act as potential strategic partners
in the system’s technical evolution.

A fundamental external partner is CEBAS-CSIC, the Spanish public research institute
that provides scientific and methodological support, from impact validation to continuous
improvement of agronomic practices. This partnership reinforces the technical credibility
and empirical grounding of the model.

The project also benefits from institutional support through the LIFE Climawin ini-
tiative and other public entities connected to the Common Agricultural Policy (CAP) and
Next Generation EU funds. These actors offer financial, regulatory, and political backing,
essential for scaling and institutional alignment. Although their influence is indirect, it is
structurally significant.

From a market perspective, consumers—particularly within the premium organic
segment—play a decisive role. These are highly informed customers who value traceability,
low carbon footprint, authenticity, and regenerative narratives. Their demand strength-
ens the winery’s positioning in sustainability-driven market niches, while their loyalty
generates economic and reputational capital.

Lastly, the model’s outreach potential is amplified through interaction with sectoral
networks and peer wineries, which represent potential replicators of the system. These
stakeholders could play a vital role in scaling the approach to the industry level, fostering a
collective transition toward regenerative viticulture.

To better understand the stakeholder ecosystem, Table 7 summarizes the primary
actors involved, their roles, and their influence within the circular strategy:
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Table 7. Stakeholders’ ecosystem.

Stakeholder Role Influence

Bosque de Matasnos (Winery) Central actor: manages vineyard, composting,
and integrated sheep system High (strategic + operational)

CEBAS-CSIC Scientific partner: methodology, validation,
and monitoring High technical influence

Technical and agricultural staff Operational implementation of
regenerative practices Execution level

Sustainable consumers Demand authenticity, traceability, and
low-carbon products Reputational and economic

Public institutions (PAC, NextGen) Provide financial, legal, and regulatory
frameworks Structural enablers

Input/machinery suppliers Technological support
(e.g., pyrolysis equipment) Technical facilitators

Peer wineries and networks Potential replicators and amplifiers of
the model Sectoral scale-up agents

Overall, the stakeholder ecosystem at Bosque de Matasnos demonstrates that the suc-
cessful deployment of a circular model relies on a multi-actor configuration that combines
internal commitment, scientific validation, institutional support, and consumer engage-
ment. This interconnected network not only sustains the case study but also provides
a transferable blueprint for advancing circular and regenerative transitions in the wider
wine sector.

Building on the stakeholder ecosystem, the analysis now turns to the environmental
foresight and measurable impacts of the model, which represent a critical dimension of its
long-term sustainability.

4.2.8. Environmental Foresight and Impact

The circular model implemented at Bosque de Matasnos demonstrates strong align-
ment with broader European environmental policy frameworks and long-term sustainabil-
ity goals. By valorizing organic residues locally and reducing reliance on external inputs,
the winery contributes to several core objectives of the European Green Deal, the EU Soil
Strategy for 2030, and the Circular Economy Action Plan, including nutrient recycling,
sustainable land use, and climate-smart agriculture.

The use of biochar-enhanced composting supports soil regeneration, enhances resource
efficiency, and contributes to greenhouse gas mitigation. These outcomes, as previously
summarized in the KPI framework (Section 4.1), highlight the systemic environmental
benefits of the model beyond individual practices or stages.

Figure 4 provides a systems-based overview of the environmental flows and impacts
associated with the intervention. This case illustrates how localized circular interven-
tions can serve as effective mechanisms for operationalizing high-level environmental
targets within the agricultural sector. The combination of empirical validation, institu-
tional support, and territorial integration reinforces its replicability and relevance for
Mediterranean viticulture.

Overall, the environmental foresight embedded in the Bosque de Matasnos model
demonstrates how localized circular practices can be scaled to contribute to systemic policy
goals. Beyond its immediate climate and soil benefits, the case illustrates a replicable
pathway for aligning farm-level operations with the broader transition toward sustainable,
low-carbon, and regenerative agri-food systems.
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Figure 4. Transversal mapping of systemic environmental impacts, resource flows, and policy alignments.

4.2.9. Social Foresight and Impact

From a social perspective, the adoption of regenerative viticulture practices at Bosque
de Matasnos reflects a broader shift in societal expectations regarding sustainability, trace-
ability, and environmental responsibility. Increasing consumer awareness—amplified by
public discourse, media coverage, and digital communication platforms—has led to grow-
ing demand for agricultural products that demonstrate authenticity, transparency, and a
reduced environmental footprint. This trend is an increasingly decisive factor in premium
wine markets, where sustainability credentials are becoming central to differentiation.

Verified indicators of environmental performance (e.g., GHG reduction, carbon se-
questration) provide evidence suitable for third-party certification schemes and compliance
with institutional sustainability requirements. Beyond their technical significance, these
indicators also translate into social legitimacy by reinforcing consumer trust and strength-
ening the winery’s credibility with regulators and certifiers. Such results may also offer
competitive advantages, as buyers increasingly value verified sustainability performance
when making purchasing decisions.

At the territorial level, the circular strategy generates direct social benefits by stimulat-
ing the local economy through increased agricultural activity, the creation of specialized
employment, and the promotion of skills related to sustainable farming practices. The
internal reuse of biomass and localized biochar production contribute to a circular econ-
omy based on endogenous resources, supporting productive autonomy and reducing
dependency on external inputs.

In terms of public health and well-being, the transition toward regenerative practices—
such as the application of biochar-enhanced compost—reduces reliance on chemical inputs
and promotes more ecologically sound production systems. These efforts are consistent
with increasing societal demand for food systems that prioritize health, environmental
protection, and long-term sustainability.

Overall, the social foresight integrated into the Bosque de Matasnos model demon-
strates how environmental performance, consumer trust, and local benefits can be mutually
reinforcing. By coupling measurable ecological outcomes with tangible social value, the
model provides a pathway for strengthening the legitimacy and scalability of regenerative
viticulture across Mediterranean wine regions.



Agriculture 2025, 15, 1932 19 of 25

4.2.10. Communication and Sales

The communication and sales strategy at Bosque de Matasnos translates its circular
production model into commercial value by emphasizing sustainability credentials and
transparent traceability in its messaging. Rather than relying solely on conventional mar-
keting, the winery integrates scientific credibility and operational transparency, reinforcing
the alignment between environmental performance and product differentiation.

A multichannel approach is employed, combining digital platforms—such as the
winery’s website and social media—with on-site activities including guided tours and
educational workshops. These channels not only inform but also amplify the circular
narrative, fostering trust and emotional engagement among consumers and key opinion
leaders in sustainability-oriented markets.

On the sales side, the model focuses on specialized distribution channels that value
environmental innovation: gourmet retailers, organic-certified restaurants, curated e-
commerce platforms, and international distributors with a sustainability agenda. Partici-
pation in trade fairs and European sustainability forums further supports brand visibility
and positioning.

Overall, communication and sales practices are structured to reinforce the winery’s
circular value proposition, allowing it to respond to evolving market expectations while
leveraging environmental credentials as a core asset for competitiveness and loyalty. More
broadly, this approach illustrates how effective communication strategies can accelerate the
market uptake of circular innovations in the wine sector.

4.2.11. Cost Structure

The circular strategy at Bosque de Matasnos entails a cost structure that combines fixed
investments, variable operating expenses, and strategic outlays linked to market positioning.

Fixed costs include the acquisition or adaptation of infrastructure for biochar production,
composting facilities (pile areas, turning and storage equipment), staff training, and scien-
tific coordination. Depreciation of agricultural machinery (tractors, loaders, sensors) is also
considered, as well as the update of labeling to communicate environmental performance.

Variable costs encompass recurrent composting operations—pile management, turn-
ing, and field application—together with laboratory analyses (temperature, pH, nutrient
content, and carbon and nitrogen fractions). Additional expenditures are related to market-
ing, communication, participation in trade fairs, and strengthening the winery’s profile as
a benchmark in regenerative agriculture.

Unlike conventional production systems, Bosque de Matasnos does not incur costs for
external fertilizers, since the estate itself generates the necessary resources. This optimiza-
tion reduces dependency on external inputs and translates into medium- and long-term
economic benefits.

Finally, the circular model creates opportunities for indirect returns, including the po-
tential monetization of emission reductions through carbon credits and climate incentives
(e.g., CAP and European programs). These opportunities are not accounted for as immedi-
ate cost savings but represent potential sources of income, which are further developed in
the following section on revenue streams.

4.2.12. Revenue Streams

While biochar-enhanced compost does not yield immediate direct income, it strength-
ens economic sustainability through complementary revenue mechanisms. Internal produc-
tion of enriched compost reduces input costs and avoids conventional waste management
expenses, resulting in operational savings.
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These internal efficiencies also support product differentiation and reinforce posi-
tioning in premium and sustainability-oriented market segments, where attributes such
as circular traceability, environmental certifications, and regenerative narratives enable
premium pricing and foster consumer loyalty.

Beyond savings, the model creates opportunities for diversified revenues through
the commercialization of surplus compost to local farmers, participation in carbon credit
markets, access to climate finance mechanisms, and the attainment of sustainability certifi-
cations that attract investment and improve eligibility for grants and awards. In addition,
educational wine tourism and events focused on the circular economy generate com-
plementary income while deepening visitor engagement and strengthening long-term
customer relationships.

4.2.13. Circular Business Model and Innovation

The circular business model implemented at Bosque de Matasnos is distinguished by
its systemic incorporation of regenerative practices into the winery’s operational, organiza-
tional, and market structures. Rather than relying on isolated sustainability actions, the
model embeds circularity as a guiding principle across value creation, resource manage-
ment, stakeholder engagement, and communication strategies.

Its most distinctive innovation lies not in a single technological breakthrough, but in
the orchestration of internal resources, scientific validation, institutional support, and terri-
torial embedding to create a fully functional, closed-loop system. This structure enhances
operational autonomy, reduces environmental externalities, and ensures alignment with
evolving regulatory and market expectations.

The adaptability of the model is further reinforced through ongoing collaboration
with research institutions (e.g., CEBAS–CSIC), capacity-building for technical staff, and
traceability mechanisms that connect production practices to environmental outcomes.
These elements collectively contribute to its replicability in other viticultural contexts,
particularly in Mediterranean regions seeking to reconcile climate adaptation with economic
and ecological resilience.

Critically, the business model aligns with multiple Sustainable Development Goals
(SDGs), including those related to responsible consumption, soil regeneration, rural em-
ployment, and climate action (see Table 8).

Table 8. Contribution of the circular business model to selected SDGs.

SDG Model Action Indicator or Evidence

2 Zero Hunger Application of biochar-enhanced
compost in vineyards

Improved soil fertility and nutrient
availability

6 Clean Water and Sanitation Improved soil structure and water
retention

Reduced leaching and increased
water-holding capacity

7 Affordable and Clean Energy Biochar production from agricultural
and forestry residues

Low-emission pyrolysis; potential for
energy valorization of by-products

8 Decent Work and Economic Growth Local value creation from
agro-livestock waste

Rural employment, technical
training, and product diversification

12 Responsible Consumption
and Production

On-site composting and biochar
production

Waste minimization, closed-loop
nutrient cycling, and reduced
dependency on external fertilizers

13 Climate Action Carbon sequestration in soils and
methane reduction

Up to 61 kg CO2-eq per year avoided;
307 g CO2-eq per bottle

15 Life on Land Soil regeneration and promotion of
microbial biodiversity

Improved soil structure and
increased microbial activity
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Rather than treating sustainability as an add-on, the Bosque de Matasnos model
integrates environmental innovation into its core economic logic, demonstrating that
regenerative viticulture can be both commercially viable and systemically transformative.
In doing so, it provides a transferable roadmap for the wine sector, showing how circular
business models can reconcile competitiveness with ecological resilience in Mediterranean
and other climate-sensitive regions.

5. Discussion
At Bosque de Matasnos, the composting of residues from vineyard, winery, and live-

stock operations was already a consolidated practice, consistent with recommendations
for enhancing soil fertility and nutrient efficiency [31]. The pursuit of greater input auton-
omy led to the incorporation of biochar—initially supplied by local producers and later
manufactured on the estate from PEFC-certified forest biomass.

The direct application of biochar to soil presents certain limitations, including the
potential presence of undesirable compounds generated during pyrolysis and the tempo-
rary immobilization of nutrients [27,60]. Integrating biochar into composting mitigates
these risks by enhancing nutrient retention, stimulating microbial activity, and accelerating
stabilization [41]. Recent studies show that the co-composting of biochar improves nutrient
retention, microbial activity, and the final quality of the compost [61–63].

Our pilot results corroborate this evidence: methane emissions during composting
were reduced by 75%, organic carbon increased by 84% relative to the control, nitrogen
availability improved, and compost maturity was reached 25 days earlier. These findings
are consistent with reports from Mediterranean contexts [27,61] and align with the positive
impacts of biochar co-composting described in other cropping systems [63].

Beyond these physicochemical benefits, wider effects such as increased soil organic
carbon, improved water retention, enhanced microbial biodiversity, and reduced reliance
on synthetic fertilizers are widely documented in the literature [41,60,61]. Given that
the winery meets comparable technical and management conditions, these outcomes are
expected to materialize in vineyard soils; ongoing monitoring of Phase II (2024–2025) will
validate these projections.

The application of Ecocanvas provided an additional layer of insight, extending the
analysis from a purely agronomic assessment to a systemic business model perspective.
By mapping resource flows across vineyard, winery, and livestock subsystems, the tool
highlighted synergies such as the dual valorization of pruning residues and winemaking
by-products. It also clarified relationships with scientific partners (CEBAS–CSIC), technol-
ogy providers, and certification bodies, thereby reinforcing stakeholder engagement and
knowledge exchange.

Compared with traditional analytical tools such as life cycle assessment (LCA), Eco-
canvas proved useful as an accessible and participatory framework that facilitated dialogue
between technical staff, managers, and external collaborators [6]. However, its qualitative
orientation requires complementing with quantitative methods to strengthen credibility in
communication with policymakers and sustainability-driven consumers, both of whom
increasingly demand verified performance metrics.

The exercise also revealed enabling factors for replication—such as the availability of
local biomass, pre-existing composting infrastructure, and market positioning in premium
segments—as well as potential constraints, including the need to consolidate stable demand
for value-added products and to evaluate long-term agronomic impacts. Addressing these
conditions will be critical to scaling the model across Mediterranean viticulture.

Overall, the integration of biochar-enhanced composting with the systemic perspective
of Ecocanvas demonstrates how circular economy practices can generate simultaneous
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environmental benefits (emission reductions, improved compost quality, greater resource
efficiency), economic advantages (cost savings, market differentiation, premium position-
ing), and social value (rural employment, community collaboration). This integrated
approach not only strengthens the winery’s alignment with EU policy frameworks such
as the European Green Deal and the EU Soil Strategy 2030, but also offers a transferable
model for advancing climate-resilient and market-oriented circular agriculture.

6. Conclusions
This study evaluated the implementation of a biochar-enhanced compost strategy

within a Mediterranean winery, combining agronomic performance indicators with a
systemic business model analysis through the Ecocanvas methodology. The research
addressed three objectives formulated in the introduction: (i) to characterize the composting
process and establish key performance indicators (KPIs), (ii) to integrate agronomic and
contextual data into a systemic Ecocanvas assessment, and (iii) to identify opportunities for
circular business model innovation aligned with EU sustainability goals.

The results obtained during Phase I demonstrate the technical effectiveness of the
intervention. Compared with the control, biochar-enhanced composting reduced methane
emissions and generated significant improvements in compost quality, including higher or-
ganic carbon and nitrogen availability as well as shorter maturation times. These outcomes
confirm the potential of biochar-enhanced compost as a robust agroecological practice
under Mediterranean conditions, with a measurable contribution to lowering the carbon
footprint of wine production.

Beyond technical performance, the systemic application of Ecocanvas provided a
structured framework for representing resource flows, stakeholder relationships, and value
creation mechanisms. This enabled the visualization of synergies, co-benefits, and strategic
opportunities that transcend conventional agronomic assessments. The model at Bosque
de Matasnos illustrates how locally driven business initiatives, supported by research
collaboration and institutional alignment, can embed circular economy principles into
viticulture in ways that are both territorially grounded and market relevant.

Several limitations must nonetheless be acknowledged. The agronomic effects of
biochar-enhanced compost on vineyard soils remain under evaluation, limiting the assess-
ment of long-term performance. No detailed economic analysis has yet been conducted to
determine return on investment under different market scenarios, and the social benefits—
such as rural employment and knowledge transfer—have so far been qualitatively de-
scribed rather than quantified.

Future research should therefore expand monitoring to include soil and crop responses,
compare outcomes against conventional fertilization regimes, and apply integrated tools
such as life cycle assessment (LCA) and life cycle costing (LCC). It will also be important
to assess the potential integration of this model into carbon credit schemes and climate
finance instruments.

Despite these limitations, the case demonstrates that sustainability in viticulture can be
approached not as a collection of isolated practices but as a comprehensive circular business
model. By linking environmental, economic, and social dimensions through the use of Ecocan-
vas, the Bosque de Matasnos experience provides a replicable and scalable pathway toward
regenerative, climate-smart viticulture in Mediterranean and other climate-sensitive regions.
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