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ABSTRACT: Sustainable transformation of agri-food systems has become increasingly important as
environmental pressures intensify, resource availability declines, and global food demand rises. This study
presents a structured review of sustainable business models in agri-food systems, examining their contributions
to environmental performance, economic resilience, and sustainability trade-offs. Approximately 60 academic
publications published between 2010 and 2024 were analyzed to evaluate theoretical foundations, sectoral
applications, and enabling mechanisms, including digitalization, circular economy practices, and governance
frameworks. Unlike previous studies focused on specific sustainability practices or sectors, this review provides
an integrated assessment of environmental performance, economic resilience, and sustainability trade-offs
within sustainable agri-food business models. The findings indicate that sustainable business models integrate
ecological considerations into value creation, improve resource efficiency, and strengthen resilience across
sectors such as aquaculture, dairy, and wine production. Sustainability outcomes are shaped by tensions among
economic growth, ecological limits, and social equity, resulting in uneven and context-dependent outcomes.
Digitalization and circular economy approaches create opportunities for innovation, resource optimization, and
value recovery, but also introduce challenges related to energy consumption, data governance, unequal access,
and implementation costs. Stakeholder engagement, performance measurement, and supportive institutions
emerge as critical drivers of sustainability transitions. Thus, sustainable business models can enhance
environmental performance and economic resilience, although their effectiveness depends on governance
quality, equitable access to innovation, and the management of environmental, economic, and social trade-offs.
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1. Introduction

The growing intensity of environmental challenges has positioned sustainability at the center of policy
and business research agendas. Achieving the Sustainable Development Goals requires reconfiguring
economic systems to balance economic performance with ecological integrity and social equity [1]. Agri-
food systems are central to this transition, as they support food security and rural livelihoods while placing
significant pressure on land, water, biodiversity, and climate systems [2,3]. Continued reliance on resource-
intensive agricultural practices has contributed to soil degradation, ecosystem decline, and increased
climate vulnerability, reinforcing the need for systemic transformation in how agri-food production and
distribution are organized [4—6]. At the same time, rising food demand and environmental constraints have
intensified calls for sustainable intensification within planetary boundaries [7,8]. Business model research
provides a useful lens for understanding how sustainability can be embedded in firm-level decision making
and value creation. Business models have been conceptualized as structures that define how firms create,
deliver, and capture value [9], and more recent scholarship positions them as key mechanisms for
sustainability transitions [10,11]. Strong sustainability perspectives further extend this view by embedding
firms within social and ecological systems rather than treating environmental impacts as externalities [12].
At the same time, research on business model innovation emphasizes the dynamic and systemic nature of
value creation, highlighting the need to align innovation processes with sustainability goals [13,14]. This
growing body of work reflects increasing recognition that long-term business resilience depends on
alignment with ecological limits and societal expectations [15,16].

Empirical studies demonstrate how sustainability-oriented business models are applied across agri-
food sectors. In aquaculture, sustainability strategies have improved resilience to environmental and market
pressures, while biofloc-based systems have reduced environmental impacts and enhanced cost efficiency
[17,18]. In the dairy sector, value-creating strategies have strengthened competitiveness while maintaining
environmental performance [19]. Broader evidence also indicates that integrating ecological principles into
agricultural systems can generate both environmental and economic benefits [5]. These cases illustrate the
potential of sustainable business models to translate sustainability principles into measurable outcomes.
Technological and organizational changes are further shaping sustainability transitions in agri-food systems.
Digital innovations, including precision agriculture and data-driven decision support systems, improve
resource efficiency and adaptive capacity [20,21]. Evidence also suggests that sustainability-oriented
development pathways can enhance both environmental performance and economic resilience [22].
However, digital transitions remain uneven and are influenced by issues such as data governance, access
and institutional capacity [23]. Resilience in agri-food systems, therefore, depends not only on
technological innovation but also on interactions among ecological resources, institutions, and social
networks [24].

Circular economy approaches provide additional pathways for linking environmental conservation
with economic value creation. By emphasizing resource efficiency, waste reduction and closed-loop
systems, circular strategies enable the conversion of agricultural by-products into energy, biomaterials, and
animal feed [25,26]. Sectoral applications, including wine production, demonstrate how circular practices
can be integrated into business models and linked to performance outcomes [27]. Alternative food networks
and sufficiency-oriented strategies further challenge conventional growth-centered models by reshaping
production and consumption patterns [28,29]. At the systems level, policy frameworks increasingly
emphasize the role of innovation, governance, and sustainable business practices in enabling agri-food
transitions [30,31]. Despite these advances, the literature remains fragmented and often descriptive, with
limited critical synthesis of how different business model types balance environmental, economic, and
social objectives. In particular, insufficient attention has been given to structural tensions such as trade-offs
between economic growth and ecological limits, uneven distributional outcomes, and context-specific
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implementation barriers. These gaps are reinforced by the complexity of food systems, in which
sustainability outcomes are shaped by interactions among production, consumption, governance, and
innovation processes [4,32].

Despite growing interest in sustainable business models within agri-food systems, several important
gaps remain in the literature. First, studies on sustainable business model innovation have largely focused
on conceptual development, typologies, and firm-level applications, with limited synthesis of how business
models influence environmental performance and economic resilience across different agri-food contexts
[15,33-35]. Second, research on digitalization and circular economy practices has primarily examined these
approaches independently, providing insufficient understanding of their interactions, trade-offs and
implementation constraints within sustainable business models [26,36]. Third, food systems and
sustainability transition studies frequently emphasize environmental outcomes and governance processes,
but provide limited integration of economic resilience, distributional effects, and sustainability trade-offs
across diverse stakeholder groups [3.,4,32]. Thus, addressing these gaps, this review provides an integrated
assessment of sustainable business models in agri-food systems by examining the relationships among
environmental performance, economic resilience, governance, digitalization, and sustainability trade-offs.
The review further synthesizes evidence across sectors and identifies key limitations, tensions, and future
research priorities shaping sustainability transitions.

2. Methodology

This study adopted a structured literature review design, drawing on established approaches to scoping
reviews to ensure transparency, rigor, and reproducibility. Following Arksey and O’Malley [37], the review
was conducted as a scoping study with the objective of mapping, synthesizing, and critically analyzing the
breadth of academic evidence on sustainable business models in agri-food systems. This approach was
considered appropriate given the interdisciplinary nature of the topic and the diversity of theoretical
perspectives, sectoral applications, and methodological approaches within the literature.

2.1. Data Sources and Search Strategy

A comprehensive literature search was conducted across major academic databases commonly used in
environmental science, agriculture, and business research. These included Scopus, Web of Science Core
Collection, and ScienceDirect. To improve coverage, supplementary searches were carried out using
Google Scholar to identify additional relevant studies, including reports and foundational works that may
not be fully indexed in the primary databases. The search covered publications released between 2010 and
2024 and was limited to English-language sources. A Boolean search strategy was employed to identify
relevant studies. Search strings combined key concepts related to sustainability, business models, and agri-
food systems using logical operators AND, OR, and NOT. Core terms included “sustainable business
models”, “business model innovation”, “agriculture”, “agribusiness”, “agri-food systems”, “circular
economy”’, “digitalization” and “resilience”. These terms were applied to titles, abstracts, and keywords
across databases to ensure consistency. While efforts were made to ensure comprehensive coverage, some

relevant studies may not have been captured due to database limitations and language restrictions.

2.2. Inclusion and Exclusion Criteria

Clear inclusion and exclusion criteria were applied to ensure relevance and quality. Included studies
met the following conditions: publication in peer reviewed journals or recognized academic outlets; explicit
focus on sustainable business models, business model innovation, or closely related concepts within agri-
food or agricultural systems; and provision of substantive theoretical, empirical, or methodological
contributions. High quality reports from reputable international organizations were also considered, where
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they provided conceptual or policy relevant insights. Studies were excluded if they focused solely on
technical agricultural practices without clear relevance to business models, addressed sustainability outside
the agri-food domain, or lacked sufficient methodological clarity or analytical depth. Non peer reviewed
opinion pieces, conference abstracts, and studies without clear links to sustainability or business models
were also excluded.

2.3. Screening and Selection Process

The screening process was conducted in two sequential stages. First, titles and abstracts were reviewed
to assess relevance based on the predefined inclusion criteria. Second, the full texts of potentially eligible
studies were examined to confirm their suitability for inclusion. This stepwise approach enhanced consistency
and reduced the likelihood of including irrelevant studies. The study selection process followed the PRISMA
2020 guidelines and is illustrated in Figure 1. The completed PRISMA 2020 Checklist and PRISMA 2020
Flow Diagram are provided in the Supplementary Materials (Files S1 and S2). The initial database search
identified 512 records across Scopus, Web of Science Core Collection, ScienceDirect, and supplementary
Google Scholar sources. After removing duplicate entries, 438 unique studies remained and were screened
based on titles and abstracts. Of these, 162 articles were selected for full-text assessment. Following
evaluation against the inclusion and exclusion criteria, approximately 60 studies were retained for final
synthesis, forming the core evidence base of the review. While the process was conducted systematically,
some degree of subjective judgment was unavoidable, particularly in borderline cases where study relevance
was not immediately clear. Efforts were made to apply the inclusion criteria consistently throughout the
screening process.

Initial Database Search Duplicate Removal Title & Abstract Screening Full Text Review

512 Records Identified Duplicates Removed 438 Studies Screened Approximately 60 Studies
Scopus, Web of Science, 438 Unique Studies 162 Full-Text Assessed Included in Final
ScienceDirect & Google Scholar Synthesis

Figure 1. PRISMA flow diagram illustrating the screening and selection process of studies included in the systematic review of
sustainable business models in agri-food systems.

2.4. Synthesis and Analytical Approach

To integrate evidence from diverse study designs and disciplinary traditions, the review employed a
narrative synthesis approach [38]. This method enabled systematic comparison and interpretation of
findings across qualitative, quantitative, and conceptual studies. Themes were identified inductively
through iterative coding and grouping of recurring concepts related to sustainable business models,
environmental performance, economic resilience, governance, digitalization, and circular economy
practices, thereby allowing patterns, contradictions, and knowledge gaps to emerge. Consistent with Snyder
[39], the literature review was treated as a methodological approach in its own right, aimed at generating
conceptual clarity and theoretical insight rather than aggregating effect sizes. Studies were grouped and
analyzed across three main analytical dimensions: theoretical foundations of sustainable business models,
sectoral applications within agri-food systems and enabling mechanisms such as digitalization, circular
economy practices, governance and performance measurement. This approach ensured that the review
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remained systematic while allowing critical interpretation of the literature. However, as with most narrative
syntheses, the findings are interpretive in nature and depend on the scope and selection of included studies.

3. Theoretical Foundations: Business Models and Sustainability

Research on business models and sustainability has developed along two main trajectories: general
frameworks explaining value creation, delivery, and capture, and sector specific adaptations reflecting the
ecological and institutional realities of agri-food systems. Within management literature, business models
are conceptualized as systems of interdependent activities that shape how firms create and appropriate value
[9,13,14]. Recent scholarship positions them as central mechanisms for embedding sustainability into
organizational practice rather than peripheral tools [10,11]. This shift is reflected in the rapid expansion of
sustainable business model research, particularly within agriculture and food systems [15,16]. However,
conventional business model frameworks remain largely growth oriented, often treating environmental
impacts as externalities rather than core constraints. Strong sustainability perspectives challenge this
assumption by embedding firms within ecological and social systems, emphasizing that economic activity
must operate within biophysical limits [12,25]. While conceptually robust, these approaches offer limited
operational guidance in agri-food systems characterized by uncertainty, biological constraints, and market
volatility. Efforts to bridge this gap have led to the development of sustainable business model archetypes
and design patterns, though tensions between scalability and sustainability remain unresolved [40,41].

Economic resilience is a multidimensional concept that refers to the capacity of firms, supply chains
and broader food systems to withstand disturbances, adapt to changing conditions, and, where necessary,
transform their structures while maintaining essential functions and value creation processes [42—44].
Within agri-food systems, resilience extends beyond short-term survival or competitiveness to encompass
the ability to absorb environmental, economic, and market shocks without prolonged disruption. The
literature commonly distinguishes between absorptive resilience, which reflects the capacity to resist and
recover from shocks; adaptive resilience, which involves adjustments in practices, technologies, and
organizational arrangements; and transformative resilience, which refers to more fundamental changes in
business models and system structures when existing approaches become unsustainable [42,44]. Economic
resilience should not be viewed as synonymous with competitiveness, profitability, or adaptability alone.
While these attributes may contribute to resilience, resilience specifically concerns the capacity to absorb
disturbances, recover from disruptions, and maintain essential functions under changing conditions [42,43].

Food systems theory provides a complementary perspective by framing agri-food systems as
interconnected social ecological systems linking production, distribution, and consumption [2]. From this
view, environmental degradation directly undermines productivity and food security, requiring systemic
rather than firm level interventions. At the same time, food system narratives often reflect tensions between
efficiency and equity, highlighting trade-offs that sustainable business models must navigate [4,32]. Sector
specific research further demonstrates how these theoretical tensions manifest in practice. Sustainable
business model innovation in agriculture is shaped by biological cycles, spatial dispersion, and perishability,
which constrain scalability while creating opportunities for localized adaptation [33,34]. Empirical
evidence shows that sustainability-oriented strategies can enhance competitiveness while also
strengthening economic resilience through diversification, adaptive capacity, and improved responses to
environmental and market disturbances [5,17,19]. More so, business models provide a useful framework
for linking strategy and sustainability outcomes, but they risk oversimplifying complex system dynamics.
An integrated perspective that combines value creation logic with ecological limits and food system
interdependencies is therefore required.
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4. Food Systems and Sustainability Frames

Food systems are widely conceptualized as complex social ecological systems linking production,
processing, distribution, consumption, and waste management across multiple spatial and institutional
scales [2]. Their interconnected nature means that sustainability challenges cannot be addressed through
isolated farm level interventions, but require integrated approaches that link environmental, economic, and
social dimensions [45,46]. Global assessments further emphasize that food systems must operate within
environmental limits while ensuring food security and equitable access [3,32]. However, food system
sustainability is shaped by competing priorities. Efficiency oriented approaches emphasize productivity and
resource optimization, whereas equity-oriented perspectives prioritize access, inclusivity, and fair
distribution [4]. These differences are reflected in business model orientations. Circular and efficiency
driven models focus on environmental performance and cost reduction, while cooperative and alternative
food networks emphasize social participation and localized value creation [28,46]. Growth oriented models,
in contrast, prioritize scalability and economic resilience, often creating tensions with ecological limits.

These dynamics reveal a structural contradiction. Business models that maximize growth frequently
struggle to operate within planetary boundaries, while socially and ecologically oriented models face
constraints related to scale and financial viability [47,48]. As a result, trade-offs between environmental,
economic, and social objectives are inherent rather than exceptional. Recent studies suggest that these trade-
offs reflect structural features of agri-food systems, requiring governance and institutional coordination rather
than purely technological solutions [31]. Governance therefore, plays a central role in mediating sustainability
outcomes. Collaboration, certification, and institutional support are key mechanisms for embedding
sustainability into agri-food business models [33,34]. Empirical evidence shows that circular strategies can
enhance resilience and environmental performance, but their effectiveness depends on market conditions and
policy support [49,50]. Thus, sustainability outcomes are shaped not only by business model innovation but
by how competing priorities are managed within specific institutional and ecological contexts.

5. Digitalization and Smart Circular Supply Chains

Digitalization has become a key driver of sustainability transitions in agri-food systems. Technologies
such as precision agriculture, data driven platforms, and smart monitoring systems improve input efficiency
and support adaptive decision making across production and supply chains [20,21]. Evidence also shows
that digitalization aligned with sustainability objectives can enhance both environmental performance and
economic resilience [22]. These developments have supported the emergence of service-oriented business
models that extend value creation beyond traditional production activities [51]. At the supply chain level,
digitalization increasingly interacts with circular economy practices. Smart, sustainable, circular supply
chains integrate technologies such as traceability systems, reverse logistics, and coordinated governance to
improve resource efficiency and align with sustainability goals [36,52]. These processes reshape value
creation and coordination by linking environmental performance with market mechanisms. Recent evidence
also indicates that digital economy development can contribute to environmental improvement through
technological innovation, industrial upgrading, and resource-use efficiency, although outcomes remain
dependent on governance and implementation conditions [53].

However, digitalization also introduces important trade-offs. Digital infrastructure is energy intensive
and contributes to rising emissions through data processing and storage [54]. In addition, data ownership is
often concentrated among large agri-tech firms, raising concerns about power asymmetries, farmer
dependency, and reduced autonomy [55,56]. Adoption is also uneven, with smallholders facing constraints
related to cost, infrastructure, and technical capacity [23]. Efficiency gains may further generate rebound
effects, where reduced input costs lead to increased production or intensification, offsetting environmental
benefits [57]. More so, digital and circular innovations are central to transforming agri-food systems, but
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their effectiveness depends on how the technological, institutional and social dimensions are coordinated
in practice, as summarized in Table 1.

Table 1. Digitalization and circular economy practices in agri-food systems.

Practice or Application in

Sustainability Contributi Ref
Technology Agri-Food Systems ustainability Contribution eferences

. . . . . Reduced input intensity and improved resource use
Precision farming and Farm level digital monitoring, sensing P Y P

. .. efficiency, with potential gains in environmental 20
smart platforms and data driven decision support Y P g [20]
performance
. . . . Joint improvement of environmental efficiency and
Green efficiency Regional agricultural systems in . . S .
. . economic resilience under sustainability-oriented [22]
analysis Northeast China
development pathways
Service oriented Digital advisory, monitoring and Diversification of value creation mechanisms and [51]
business models optimization services for farmers support for sustainability-oriented entrepreneurship
Smart sustainable Supply chain integration of Industry ~ Enhanced coordination for circularity and alignment 36.52]
circular supply chains 4.0 technologies and reverse logistics with selected Sustainable Development Goals ’
o Processing and transformation of agri- . .
Waste valorization g . E™ partial closure of resource loops and generation of
food by products into feed, energy and [26]

technologies additional revenue streams from residues

biomaterials

Improved transparency, resilience, and
Olive oil supply chain environmental performance through traceability [49]
enabled circular practices

By product valorization
and digital traceability

6. Circular Economy and Waste Valorization in Agri-Food

The circular economy has become a central framework for rethinking agri-food business models,
particularly with respect to resource use and waste management. It is widely conceptualized as a systemic
approach that aims to decouple economic activity from resource depletion by closing material loops,
minimizing waste, and extending product lifecycles [25]. Within agri-food systems, technologies for
valorizing food by products enable residues from processing and distribution to be transformed into bio-
based materials, animal feed, and energy, thereby closing resource loops and enhancing both environmental
and economic performance [26]. Large scale applications, such as those observed in Polish agro-food
consortia, demonstrate how circular models can be integrated with cleaner production systems to improve
overall resource efficiency [58]. Sectoral case studies provide further evidence of the potential of circular
strategies. Performance measurement systems in wine supply chains have been used to assess the
sustainability contributions of circular practices, improving managerial decision making [27]. In the potato
industry, circular business models have reduced environmental burdens while generating new market
opportunities through by product innovation [59]. Similarly, circular strategies in the olive oil sector have
enhanced business resilience by reducing dependence on volatile inputs and improving environmental
outcomes [50]. These cases illustrate that circular economy principles can transform waste streams into
sources of value creation, reinforcing the role of business model innovation in linking environmental
conservation with economic resilience.

At the same time, critical scholarship highlights important scale and feasibility limitations of circular
economy approaches. Not all agricultural waste streams are technically recoverable or economically viable,
and only a fraction of total biomass flows can realistically be valorized at scale [60,61]. Economic
thresholds related to collection, transport, and processing costs, as well as market demand, constrain the
widespread adoption of circular practices, particularly for small and spatially dispersed producers [25,62].
These limitations are compounded by logistical challenges, fragmented supply chains, and uneven access
to infrastructure, especially in developing regions. As a result, circular economy strategies cannot fully
offset primary production pressures or substitute for reductions in overall resource use, reinforcing
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arguments that efficiency gains must be complemented by sufficiency-oriented approaches and systemic
demand side changes [32].

Circular practices also intersect with broader corporate social responsibility and governance
frameworks. Evidence from Italian agri-food firms shows that combining circular economy strategies with
corporate social responsibility can integrate environmental protection, social inclusion, and market
performance, although benefits remain uneven across actors [50]. Innovations in food waste management
in food service and hospitality sectors further illustrate how circularity can create sustainability-oriented
value, yet remain context dependent [63]. Studies of German wineries similarly indicate that circular
practices are embedded within sustainable business models that balance environmental performance with
consumer expectations [64]. Digitalization and circular economy practices are increasingly viewed as
complementary approaches to sustainability in agri-food systems. Digital technologies can improve
resource monitoring, supply chain transparency, and value recovery, thereby supporting circular business
model implementation [20,22,25]. However, digital infrastructures may increase energy demand, generate
electronic waste, and reinforce inequalities in access to technology, potentially offsetting some of the
environmental benefits of circular practices [23,55,56]. The literature suggests that successful integration
depends on enabling conditions such as reliable digital infrastructure, technical capacity, stakeholder
collaboration, and supportive governance frameworks [23,36].

7. Performance Measurement, Governance, and Stakeholder Engagement

Atienza-Sahuquillo and Barba-Sanchez [65] emphasized that measuring sustainability performance is
central to embedding ecological and social goals into agri-food business models. Their measurement model
for environmental performance in the food sector demonstrated how indicators can guide firms in
evaluating operational impacts and aligning business strategies with sustainability objectives. In the wine
industry, circular economy strategies have also been assessed through performance measurement
frameworks, which show their contribution to value chain sustainability [27]. Without systematic
approaches such as these, sustainability risks are being reduced to symbolic commitments rather than
operationalized strategies. Effective performance models therefore provide firms with essential tools to
monitor progress, compare investments, and integrate environmental and social considerations into decision
making processes [ 11]. Governance and collaboration are equally decisive in shaping sustainable transitions.
Hubeau et al. [66] found that new governance forms, including partnerships and cooperative networks,
were critical to scaling sustainability experiments in agri-food systems.

While environmental performance has received considerable attention in sustainability assessment
frameworks, economic resilience remains less systematically operationalized within agri-food business
model research. Existing resilience literature suggests that economic resilience can be assessed through
indicators that capture the ability of firms and food systems to withstand, adapt to, and recover from
disturbances. Common measures include revenue stability, income diversification, liquidity capacity,
supply chain redundancy, recovery speed following disruptions, market adaptability, and the ability to
maintain production under adverse conditions [43,67]. At the organizational level, resilience may be
reflected in the capacity to sustain value creation despite environmental shocks, market volatility, or
resource constraints, whereas at the supply chain level it may involve diversification of suppliers, logistical
flexibility, and continuity of critical functions.

Similarly, leadership and stakeholder engagement have been identified as critical success factors for
transitions to sustainable business models in the Dutch food and beverage sector [68]. Fowler et al. [62]
further demonstrated that inclusive participation by stakeholders can determine whether agribusiness shifts
from resilience to sustainability are durable. These findings align with broader innovation system
perspectives, which emphasize that sustainability transitions require coordinated action across multiple
actors, including firms, governments, and civil society [31]. Emerging models reinforce the importance of
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stakeholder engagement in driving sustainability. For instance, De Lauwere et al. [69] showed that circular
and nature inclusive agricultural models succeed only when multi stakeholder participation integrates
environmental goals into farm level practices. Service oriented business models in farming, according to
Vidickiené and Lankauskiené [51], thrive when stakeholders such as farmers, advisors and consumers are
actively engaged in innovation. Stakeholder alignment is also critical in smart sustainable circular supply
chains, where coordinated technological adoption depends on multiple actors [36].

8. Sectoral Insights: Aquaculture, Dairy, and Wine Models

Sustainable agri-food business models have become increasingly significant across multiple sectors,
as illustrated in Table 2. In aquaculture, Rajchamaha et al. [17] demonstrated that pisciculture firms in
Thailand strengthened adaptability to market and environmental fluctuations by adopting sustainability-
oriented strategies. These firms integrated ecological principles into feed management and waste reduction,
ensuring long term viability. Complementary evidence comes from Sudaporn et al. [18], who analyzed Nile
tilapia farms in Chiang Mai and found that biofloc technology reduced environmental impacts while
yielding favorable cost benefit results. More so, these studies illustrate that ecological integration can
improve competitiveness while also strengthening economic resilience by reducing vulnerability to
environmental shocks, input disruptions, and market uncertainty. Alvarez et al. [19] analyzed dairy farm
entrepreneurship in northern Spain and found that strategies such as certification and product differentiation
produced both environmental and economic benefits. In Egypt, territorialized inclusive business models
demonstrated that milk collection centers and cooperative arrangements not only improved efficiency but
also enhanced fairness in value distribution [70]. These examples show that sustainable business models in
dairy extend beyond ecological measures to encompass inclusivity, governance, and equity as well.

More broadly, these findings align with evidence that sustainable agricultural system redesign requires
integration of environmental practices with institutional and market innovations to achieve long term resilience
[5]. The wine sector provides further evidence of how sustainability can be embedded in practice. Performance
measurement frameworks have been used to assess the contribution of circular strategies in wine supply chains,
making sustainability visible in decision making [27]. German wineries have also shown that consumer
preferences can align with ecological goals when circular practices are embedded into business models [64].
Moreover, De Bernardi and Tirabeni [28] highlighted that sufficiency-oriented strategies and alternative food
networks are reshaping wine and broader agri-food systems. Collectively, these findings demonstrate that
aquaculture, dairy, and wine sectors provide practical and comparative insights into how sustainable business
models translate ecological and social challenges into opportunities for resilience and growth.

Table 2. Sectoral case studies of sustainable business models in agri-food.

Outcomes (Environmental,

Sector Case/Study Sustainable Strategy Adopted Economic, Social) References
Pisciculture firms in ~ Sustainability-oriented strategies for ~ Improved resilience against
Aquaculture_ . . [17]
Thailand feed and waste management environmental and market shocks.
AquacultureNﬂ? tilapia in Chiang B%oﬂoc technology (environmentally Reduced ecological impact and positive (18]
Mai friendly aquaculture system) cost—benefit performance.
. . . . lue- i i h Enh iti
Dairy Dairy farms in Spain Va ue crcj‘:atlng strailtegles such as n 'anced competmvenes.s and [19]
certification and differentiation environmental stewardship.
. Inclusive dairy Territorialized models with cooperative Greater smallholder participation and
Dairy . . . . . . [70]
businesses in Egypt  milk collection centers fairer benefit distribution.
Wine Wine value chains in Circular performance measurement Visibility of sustainability in managerial [27]
Italy systems decision-making.
Wine German wineries Circular and sustainable business Alignment of environmental goals with [64]

practices consumer preferences.
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A comparison across aquaculture, dairy, and wine sectors reveals important differences in the
conditions shaping sustainable business model implementation. In aquaculture, sustainability outcomes are
strongly influenced by environmental risks, input costs, and technological requirements, making resilience
dependent on production efficiency and resource management [17,18]. Dairy systems are more strongly
shaped by value chain coordination, certification requirements, and cooperative governance arrangements,
with sustainability outcomes influenced by both market access and equitable benefit distribution [19,70].
In contrast, wine sector sustainability models rely heavily on product differentiation, certification schemes,
and consumer willingness to pay for environmentally responsible production practices [27,64]. Despite
these differences, all three sectors face common challenges associated with balancing environmental
performance, economic viability, and long-term resilience.

9. Typologies and Roadmaps for Sustainable Agri-Food Business Models

Typologies of sustainable business models provide essential frameworks for designing, comparing,
and evaluating sustainability strategies in the agri-food sector. Rather than treating sustainability as a set of
isolated practices, typologies help organize the diverse ways firms combine value creation, resource
efficiency, stakeholder inclusion, and market positioning. Donner and de Vries [34] conducted a
comprehensive literature review that identified categories of business models ranging from circular systems
to inclusive and collaborative networks. Their typology demonstrates that sustainable food system
innovation requires more than isolated practices; it involves structured models that align resource use,
stakeholder participation, and market strategies. This insight is consistent with broader scholarship showing
that business model typologies and archetypes are useful not only for classification but also for guiding
strategic redesign toward sustainability objectives [40,41]. Ranjbari et al. [71] expanded this perspective
by analyzing circular economy startups in agri-food supply chains and identifying common features across
79 firms, including waste valorization, resource sharing, and digital platform integration. These studies
illustrate that typologies are not only analytical tools but also design guides for practitioners aiming to
operationalize sustainability. They help identify recurring patterns, boundary conditions, and innovation
pathways, while also revealing that no single model can simultaneously optimize ecological, economic, and
social objectives across all contexts. In this sense, typologies provide conceptual clarity in a field
characterized by diversity, fragmentation, and strong contextual dependence.

Roadmaps for sustainable business model innovation highlight how organizations can move from
conceptual design to large scale implementation. Minatogawa et al. [16] emphasized that systematic
approaches to sustainable innovation should be grounded in experimentation, iterative learning, and scaling
processes. Their study drew lessons from broader business model innovation research, adapting them to
sustainability contexts. This aligns with innovation scholarship emphasizing that business model
transformation is a dynamic process involving trial, adaptation, and reconfiguration rather than one time
design choices [13,14]. Kayikci et al. [36] demonstrated how stakeholder theory can guide the prioritization
of drivers for smart, sustainable circular supply chains, providing a roadmap for the stepwise adoption of
technologies and governance mechanisms. These approaches reveal that roadmaps must be flexible, context
sensitive, and rooted in both ecological limits and market realities to ensure that sustainability transitions
are effective and durable.

Emerging business strategies further refine these roadmaps by addressing sufficiency and
consumption-oriented challenges. For instance, Bocken et al. [29] examined sufficiency strategies in the
food industry through the case of Oatly, showing how business models can promote reduced consumption
while remaining commercially viable. Spada et al. [49] confirmed that circular strategies in the olive oil
sector improved resilience by reducing input dependency and integrating by product use, reinforcing the
alignment between sufficiency and circularity. Per¢in et al. [52] added that Industry 4.0 adoption in agri-
food supply chains provides opportunities to align roadmaps with the Sustainable Development Goals,
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demonstrating that digitalization, sustainability, and circularity can converge within coherent frameworks.
At the same time, these developments indicate that viable roadmaps must move beyond idealized pathways
and incorporate institutional support, access to finance, governance quality, and producer capabilities if
they are to be realistic across different agri-food settings [30,31]. Figure 2 presents a conceptual framework
that synthesizes the relationships identified in the reviewed literature. The framework illustrates how
sustainable business models are supported by enabling mechanisms such as digitalization, circular economy
practices, governance systems, and stakeholder engagement, which collectively influence environmental
performance and economic resilience. These outcomes are shaped by sustainability trade-offs associated
with ecological limits, social equity, technological access, and economic objectives.
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Figure 2. Conceptual framework relationships among sustainable business models, enabling mechanisms, sustainability
outcomes and trade-offs in agri-food systems.

10. Policy Implications for Developing Countries and Smallholder Farming Systems

Sustainable business models offer significant opportunities for improving environmental performance
and economic resilience in developing-country agri-food systems, but their successful implementation
depends on supportive institutional and policy environments. Many smallholder producers face persistent
constraints related to finance, market access, infrastructure, technological capacity, and information
availability, limiting their ability to adopt sustainability-oriented innovations [23,72]. Policies that improve
access to affordable credit, extension services, digital infrastructure, and technical training can reduce these
barriers and facilitate wider participation in sustainable business model transitions [30,31]. Governments
can also support sustainability transitions through investments in circular economy infrastructure, local
processing facilities, farmer cooperatives, and value-chain integration mechanisms that enhance resource
efficiency and market participation [25,36]. Regulatory frameworks, certification programs, and
sustainability incentives should be designed to encourage innovation while avoiding the exclusion of
smaller producers who often lack the resources needed to comply with complex standards [27,64].
Strengthening stakeholder participation and inclusive governance arrangements will be particularly
important for ensuring that sustainability benefits are equitably distributed among different actor groups
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within agri-food systems [68,69]. As sustainability transitions accelerate, policies that simultaneously
promote environmental stewardship, economic resilience, and social inclusion will be essential to
supporting resilient, sustainable food systems in developing countries.

11. Discussion

The literature shows that sustainable business models in agri-food systems are increasingly positioned
as mechanisms to balance environmental objectives with economic performance, yet it also indicates that
such integration remains constrained by structural tensions within food systems. Food systems operate as
interconnected social-ecological systems in which environmental degradation directly affects productivity
and long-term sustainability [2]. Economic resilience should not be conflated with competitiveness,
profitability, or adaptability, as firms may remain vulnerable to external shocks despite strong market
performance [43]. Resilience encompasses the capacity to absorb disturbances, adapt to changing
conditions, and, where necessary, transform organizational structures in response to environmental and
economic pressures [42,44]. These distinctions are important because sustainability transitions are shaped
by competing priorities between efficiency, equity, and ecological limits, creating tensions that growth-
oriented business models often struggle to reconcile [4,47,48].

Evidence from aquaculture, dairy, and wine systems demonstrates that sustainability-oriented business
models can generate environmental and economic benefits, although outcomes remain highly context
dependent. Sustainability strategies in aquaculture have improved resilience to environmental and market
disturbances, while biofloc systems have reduced ecological impacts and improved economic performance
[17,18]. In dairy systems, certification, product differentiation, and cooperative arrangements have
strengthened competitiveness while supporting more inclusive value distribution [19,70]. Similarly,
circular practices in wine supply chains have improved environmental performance and market positioning,
although benefits often depend on certification mechanisms and consumer willingness to pay, potentially
limiting participation by smaller producers. These findings indicate that environmental and economic
synergies are achievable but remain mediated by governance structures, market conditions, and institutional
support [5,11,64].

Digitalization and circular economy strategies have emerged as important drivers of sustainable
business model innovation. Digital technologies improve traceability, resource efficiency, and decision-
making capacity, while circular practices such as waste valorization reduce resource dependence and create
additional revenue opportunities [20,22,26]. However, these approaches involve significant trade-offs.
Investments in digital infrastructure, circular technologies, and diversified supply chains may strengthen
resilience but often require substantial capital expenditure and may reduce short-term profitability [36,43].
Digital systems also increase energy demand, concentrate control over data, and remain unevenly accessible,
particularly among smallholders and resource-constrained producers [23,55,56]. Furthermore, efficiency
gains can generate rebound effects that offset anticipated environmental benefits [57], demonstrating that
technological innovation alone cannot guarantee sustainability outcomes [21]. The literature further
highlights that the benefits of resilience are unevenly distributed among actors. Resilience is shaped by
differential access to resources, technologies, and institutional support, meaning that business models that
strengthen the resilience of large agribusiness firms may not necessarily enhance resilience among
smallholders, informal producers or marginalized communities [44,73]. Capital-intensive sustainability
transitions may reinforce existing inequalities by concentrating economic opportunities among actors with
greater financial and technological capacity [23,67].

Similar constraints affect circular economy initiatives, as only a proportion of agricultural waste
streams can be economically valorized due to logistical, processing, and market limitations [60,61]. The
evidence suggests that sustainable business model development is an iterative process shaped by the
interaction between governance mechanisms, stakeholder participation, and performance assessment.



Ecol. Civiliz. 2026, 3(4), 10018. doi:10.70322/ecolciviliz.2026.10018 13 0of' 17

Governance structures establish the institutional conditions for collaboration and accountability, while
stakeholder engagement facilitates knowledge exchange and identification of sustainability priorities
[66,68]. Performance measurement provides feedback on environmental, economic and social outcomes,
enabling organizations to identify implementation gaps and adjust business model configurations
accordingly [27]. Hence, these findings suggest that sustainable business models can contribute to
environmental performance and economic resilience, but their effectiveness depends on the quality of
governance, institutional support, and equitable access to innovation systems [36,52]. They also indicate
the need for stronger integration of business model theory with food systems, resilience, and political
economy perspectives to better explain why sustainability transitions remain uneven and difficult to scale.

12. Conclusions

This review confirms that sustainable business models in agri-food systems play a critical role in
addressing contemporary environmental and socio-economic challenges, but their effectiveness depends on
how ecological, economic, and social objectives are balanced in practice. Evidence from aquaculture, dairy,
and wine systems shows that ecological integration, innovation, and governance mechanisms can enhance
resilience and competitiveness, while also exposing persistent tensions related to scale, equity, and growth
imperatives. Theoretical perspectives such as strongly sustainable business models and food systems
approach frame sustainability as a structural necessity rather than a peripheral choice, yet empirical
evidence demonstrates that implementation remains uneven and context dependent. Digitalization, circular
economy strategies and Industry 4.0 practices offer important opportunities for aligning profitability with
ecological stewardship, but they also introduce new risks related to energy demand, power concentration
and unequal access. Stakeholder engagement and performance measurement emerge as essential
mechanisms for translating sustainability commitments into operational outcomes, particularly when
combined with supportive policy and investment environments. At the same time, the review shows that
sustainability transitions are shaped by trade-offs that cannot be fully eliminated. In many cases,
improvements in one dimension of sustainability may generate new pressures or exclusions in another,
especially where market incentives, ecological thresholds, and social justice concerns do not align neatly.

13. Future Research Directions

Future research should focus on three priority areas. First, greater attention is needed to understand
how sustainable business models can be adapted to smallholder farming systems, particularly in developing
countries where constraints related to finance, technology, and institutional support remain significant.
Second, comparative studies across regions, countries, and production systems are needed to evaluate how
different governance arrangements, environmental conditions, and socio-economic contexts influence
sustainability outcomes. Third, more empirical research should examine the unintended consequences of
digitalization and the adoption of the circular economy, including rebound effects in energy consumption,
electronic waste, and unequal access to technological benefits. Addressing these areas would strengthen
understanding of the opportunities, limitations, and long-term impacts of sustainability transitions in agri-
food systems.
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