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Digital transformation is reshaping agriculture through data-
driven business models leveraging emerging technologies.
Understanding these models' sustainability contributions  is
crucial given agriculture's challenges with climate change,
resource constraints, and food security. Following PRISMA,
Scopus and Web of Science were searched, yielding 1538 articles.
After screenings, 80 papers were analyzed thematically. 32
distinct data-driven ecosystem business models were identified,
categorized into three primary groups: Technology-Focused
Models, Value Chain Integration Models, and Data &
Governance Models. These models contribute to economic
sustainability through resource optimization and new revenue
streams; environmental sustainability through precision
management and emissions reduction; and social sustainability
through knowledge sharing and community development.
Implementation challenges include technical integration,
organizational adoption barriers, data governance concerns, and
policy gaps. These models show significant potential for
enhancing agricultural ~ sustainability. Trust emerges as
fundamental for implementation, while power dynamics remain
critical concerns. Future research should focus on governance

frameworks, user-centric design, and impact assessment.
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1 Introduction

Digital transformation is reshaping agriculture through data-driven business models
that leverage emerging technologies to create value within ecosystem—driving the
twin transitions of digitalization and sustainability. Despite growing research on
digital agriculture, there remains limited synthesis regarding how specific business
models leverage data to enhance sustainability. This review addresses that gap by
examining how data-driven ecosystem business models (DDEBMs) contribute to
economic, environmental, and social sustainability, while identifying implementation
challenges and future directions. DDEBMs in agriculture can be defined as
interconnected value creation systems that utilize digital technologies, data analytics,
and collaborative networks to generate, process, and exchange agricultural data for
economic, environmental, and social benefits. These models typically involve
multiple stakeholders working together through platforms or networks to create and
capture value from agricultural data (Vial & Tedder, 2017; Graf-Drasch et al., 2023;
Rijanto, 2021; Gowri & Ramachander, 2024).

Sustainability—meeting present needs without compromising the ability of future
generations to meet their own (Brundtland Commission, 1987)—is critical as
agriculture faces mounting challenges from climate change, resource constraints, and
food security. Agricultural output must increase 70% by 2050 despite shrinking
farmland and declining workforce (Cavazza et al., 2023). Digital agriculture offers a
path forward by enabling informed, data-driven decisions that address sustainability
across value chains (Hrustek, 2020). This review addresses three research questions:
What types of data-driven ecosystem business models exist in agriculture? How do
these models contribute to sustainability (environmental, social, or economic)? What
are the key challenges, limitations, and future directions for implementing these
models? The goal is to synthesize current knowledge base on DDEBMs, identify
and categorize model types, assess their contributions to various sustainability

dimensions, and highlight implementation challenges and future research directions.
2 Methods

This systematic literature review followed PRISMA guidelines and searched Scopus
and Web of Science up to January 2025, using terms related to digital technologies,

business models, ecosystems, and agricultural contexts. The selection process
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involved two stages. First, titles, abstracts, and keywords were screened using five
criteria: digital technologies, business models, ecosystems, agriculture, and
sustainability. Studies meeting at least four criteria advanced to full-text review.
Second, full texts were evaluated for relevance to the research questions, with those
scoting at least four out of five included, resulting in 80 papers. To ensure coding
reliability, the results were triangulated by independently coding 20 papers (25% of
the sample), reaching 81% agreement. Discrepancies were resolved through
discussion before final coding. Figure 1 illustrates the review process, including

identification, screening, eligibility, and inclusion.
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Figure 1: PRISMA Flow Diagram

Source: Own

Data were extracted on publication metadata, technologies, business model types,
sustainability impacts, implementation challenges, and research directions. Business
model categorization combined deductive and inductive approaches. Deductive
coding used established frameworks such as Osterwalder’s Business Model Canvas
and the Triple Bottom Line (Elkington, 1997), while inductive analysis identified
emergent value creation patterns through open coding, cross-case comparison, and
iterative refinement. Sustainability impacts were assessed using the triple-bottom-
line framework—economic, environmental, and social—and rated as strong,
moderate, or limited based on explicit statements, quantitative evidence, frequency

of mention, and comparative emphasis across studies.
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3 Results

The literature on data-driven ecosystem business models in agriculture shows
growing interest, with 72.5% of publications appearing between 2020-2025,
reflecting the accelerating twin transition in the sector (Figure 2).

20 Publication Year Distribution (N=80)
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Figure 2: Temporal distribution of publications on data-driven ecosystem business models in
agriculture (2007-2025)
Source: Own

Studies are geographically diverse, with major contributions from Asia (25%),
Europe (25%), and Africa (20%), especially India, China, Indonesia, and various
European countries (Figure 3). Developed economies often emphasize advanced
digital infrastructures and regulation, while developing regions focus on smallholder

inclusion and mobile-based solutions.

Studies by Region Studies by Country

Figure 3: Geographical Distribution of Studies
Source: Own
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Empirical studies dominate (55%), suggesting the field remains exploratory. From a
technology perspective, IoT and sensor systems are most common (29.2%),
followed by Al (17.2%), data analytics (16.7%), and blockchain (11.2%).
Environmental sustainability is addressed most frequently (82%), with climate action
and resource efficiency as dominant themes. Economic sustainability appears in 70%
of studies, and social sustainability in 55%. Key implementation challenges include
organizational barriers (37%), technical issues (29.5%), knowledge gaps (13%),
tinancial constraints (11%), and data governance concerns (9.5%). The urban—rural

digital divide is a cross-cutting issue.
3.1 Typology of Data-Driven Ecosystem Business Models in Agriculture:

Our analysis identified 32 distinct data-driven ecosystem business models in
agriculture. These models were classified into three overarching categories (Figure

4): Technology-Focused, Value Chain Integration, and Data & Governance Models.

Venn Diagram of Business Models

Technology-Focused Models Value Chain Integration Models

System Integration & Interoperability ModeSsipply Chain-Oriented Ecosystem Models
Decision SUpport & Analytics Models  Specialized Domain-Focused Models
loT & Sensing-Based Models Digital Food Hub Models

Platform Orchestration Models

Data Governance & Value Co-Creation Models
Traceability & Transparency Models
Data Exghange & Marketplace Models

Data & Governance Models

Figure 4: Venn Diagram of Data-Driven Ecosystem Business Model Categories
Source: Own

The classification was developed through an iterative coding process combining
deductive and inductive reasoning. Deductively, the analysis drew on established
frameworks such as Osterwalder’s Business Model Canvas and the Triple Bottom
Line. Inductively, emergent value creation patterns were identified by analyzing
model characteristics, technologies, stakeholder configurations, and value
mechanisms. Several models span multiple categories. At the center of the typology
are Platform Orchestration Models, which integrate technological infrastructure,

value chain coordination, and data governance.
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Technology-Focused Models emphasize technological solutions and
infrastructure as their primary value proposition, organized into three sub-
categories: IoT & Sensing-Based Models leverage Internet of Things technologies
for data collection and processing, creating digital counterparts of physical entities.
Examples include IoT-enabled livestock management (Alves et al., 2021), IoT-
blockchain field integration through layered architectures (Tasic & Cano, 2024), and
autonomous robot swarms for precision farming (Braun et al., 2018). Decision
Support & Analytics Models process data to generate actionable insights,
exemplified by platforms that analyze data to provide decision support (Kampker et
al., 2018), systems minimizing greenhouse gas emissions in livestock (Bilinescu et
al., 2020), and Al applications in food sorting, quality control, and vertical farming
(D1 Vaio et al,, 2020; Cavazza et al., 2023). System Integration Models focus on
connecting diverse agricultural systems through common semantic data models
(Brewster et al., 2017), multi-partner interoperability frameworks (Huber &
Markward, 2021), and administrative burden reduction systems (Poppe et al., 2021).

Value Chain Integration Models connect different components of the agricultural
supply chain: Supply Chain-Oriented Models reshape operational decisions
through Big Data (Issa et al., 2024), establish multi-level collaboration frameworks
(Braun et al., 2018), and create closed vertical networks with high ICT investment,
as exemplified by ITC's eChoupal in India (Rao, 2007). Digital Food Hub Models
function as "intermediary organizations based on an innovative digital strategy
followed by small farms forming coopetition networks" (Berti et al., 2018, p. 427),
creating shared value through quality, sustainability, and locality differentiation.
Specialized Domain-Focused Models address specific sectors through digital
livestock tools (Daum et al., 2021), bundled climate information services (Kagabo et
al., 2025), holistic digital agriculture frameworks (Cook et al., 2021), and integrated
renewable energy-agriculture systems (Hu et al., 2022).

Data & Governance Models focus on data exchange, management, and
governance issues: Data Exchange & Marketplace Models enable farmers to
share data for collective value creation (Vial & Tedder, 2017) and establish data
broker platforms that aggregate agricultural data for external customers or create
comprehensive marketplaces (Kampker et al., 2018). Traceability & Transparency
Models leverage blockchain for wine supply chain integration (Malisic et al., 2023),

connect sustainability certification with market access in sugar production (Kealley
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etal., 2022), track products from production to consumption (Kosior & Mtodawska,
2024), and build on cooperative structures for intelligent traceability (Giagnocavo et
al., 2017). Data Governance & Value Co-Creation Models identify distinct
ecosystem roles in value creation (Azkan et al, 2022), emphasize fairness,
accountability, and transparency principles (Stitzlein et al., 2021), enable progressive
trust development between farmers and buyers (Kumarathunga & Ginige, 2022),
and propose precompetitive platforms with standardized vocabularies (Holden et
al., 2018).

Platform Orchestration Models operate at the intersection of all three domains,
integrating technological capabilities, value chain coordination, and data governance.
They include comprehensive frameworks connecting multiple stakeholders
(Gebresenbet et al., 2023), complex architectures with device, network, and
application layers (Grabher, 2020), and digital orchestrators like AgriCircle that bring
together diverse stakeholders while specializing in modeling and decision support
(Huber & Markward, 2021). For organizational purposes in the remainder of this
paper, these cross-cutting models will be grouped under the Value Chain Integration
Models category. Having established this typology, the following section examines
how these business models contribute to economic, environmental, and social

sustainability dimensions.
3.2 Sustainability Impacts of Data-Driven Ecosystem Business Models

To provide a comprehensive overview of how each business model type contributes
to different sustainability dimensions, a matrix framework developed that maps the
32 identified business models against their economic, environmental, and social
sustainability impacts (Figure 5). The matrix reveals several important patterns
regarding how digital business models contribute to sustainability: 1) Strong
Economic Focus: Most business models demonstrate strong economic impacts,
particularly Platform Otrchestration Models, Data Exchange Models, and Supply
Chain Integration Models; 2) Varying Environmental Impact: Environmental
sustainability shows greater variation, with the strongest contributions from loT-
Blockchain Integrated Systems, Renewable Energy Agricultural Integration, and
Climate Information Setvices Models; 3) Less Pronounced Social Dimension:
Social sustainability received comparatively less emphasis in the literature, though

several models demonstrate strong social impacts, including Cooperative-Based
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Traceability Systems, Trust-Based Big Data Ecosystems, and Digital Food Hubs; 4)
Balanced Models: Some models show relatively balanced contributions across all
three dimensions, particularly Platform Orchestration Models, Sustainability
Credential Systems, and System-of-Systems Architecture Models; 5) Specialized
Models: Other models demonstrate specialized sustainability profiles, such as
Trust-Based Blockchain Market Models (strong emphasis on economic and social
but limited emphasis on environmental). This matrix highlights how the twin

transition of digital and sustainability transformations manifests in agriculture.
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Figure 5: Matrix Framework of Data-Driven Ecosystem Business Models and Their
Sustainability Impacts

Source: Own



8. Regvanian: Data-Driven Ecosystenr Business Models in Agriculture with Focus on Sustainability:
A Systematic Literature Review

669

Data-driven ecosystem business models contribute to economic sustainability
through multiple pathways: Improved access to financing via blockchain platforms
connecting farmers with financial institutions (Rijanto, 2021); Resource optimization
enabling more precise resource use and cost reduction (Vial & Tedder, 2017); New
revenue streams through data monetization platforms (Kampker et al., 2019);
Enhanced decision-making efficiency, illustrated by disease detection two years
earlier than human discovery in the Hocklistein vineyard case (Huber & Markward,
2021); Increased yields, demonstrated by a 5% yield increase per hectare using digital
twins for potato harvesting (€560 additional revenue/hectare) (Kampker et al.,
2019); Diversified revenue sources through integrated systems, exemplified by a 200
MW PV fishery project with a net present value of ¥352.1253 million (Hu et al,,
2022).

The digital transformation enables environmental benefits through: Water
reduction, exemplified by rice irrigation systems reducing consumption by 10-25%
(Routis et al., 2022); Emissions reduction, with a 200 MW digital PV fishery project
reducing emissions by approximately 119,241 tons annually (Hu et al., 2022); Early
intervention capabilities enabling targeted rather than widespread interventions
(Huber & Markward, 2021); Waste reduction through B2B marketplaces addressing
the 20 billion pounds of "ugly" produce lost annually in the US (Vlachopoulou et
al,, 2021); Sustainable land use through integrated systems enhancing land usage by
32.2% compared to traditional approaches (Hu et al.,, 2022); Circular economy
approaches establishing closed-loop farming ecosystems (Abdillah et al., 2023).

Social sustainability is addressed through: Empowerment of small-scale producers,
with digital food hubs positioning farmers as "price negotiators" rather than "price
takers" (Berti et al., 2018); Knowledge sharing facilitating exchange across
stakeholder groups (Routis et al, 2022); Rural development through digital
technologies (Hrustek, 2020) and cooperatives functioning as both social and
economic networks (Giagnocavo et al., 2017); Social capital formation through
blockchain-enabled trust networks (Kumarathunga & Ginige, 2022); Gender
inclusion with platforms helping female farmers achieve financial stability (Abdillah
et al., 2023); Financial inclusion providing access to services in previously
underserved rural areas (Abdillah et al., 2023).
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This analysis demonstrates how the digital transition in agriculture enables multi-
dimensional sustainability impacts, with the most substantial evidence for economic

benefits, but significant potential across all sustainability dimensions.
33 Implementation Challenges

Implementing data-driven ecosystem business models for sustainability faces several
challenges that can impede both digital transformation and sustainability goals:
Technical and Infrastructure Challenges include: Interoperability issues between
systems from different manufacturers (Huber & Markward, 2021; Routis et al.,
2022); Digital infrastructure limitations affecting rural and developing regions, with
Hansen et al. (2023, p. 526) noting that "poor network connectivity in Australia
presents major barriers"; Data integration complexity when combining diverse
agricultural and environmental data (Gebresenbet et al., 2023); System complexity in
technical implementation and maintenance (Satya et al., 2021); Environmental
conditions affecting hardware durability in agricultural settings with "moisture, dust,
ammonia, and pests" (Neethirajan & Kemp, 2021); and lack of standardized
vocabularies for data integration (Holden et al, 2018). Organizational and
Adoption Challenges include: Significant skills and knowledge gaps among farmers
and agricultural professionals (Kagabo et al., 2025; Di Vaio et al., 2020); Technology-
driven rather than needs-driven innovation, with businesses "driven by technological
advancements rather than providing tailor-made solutions to farmers" (Mahdad et
al., 2022, p. 1865); Stakeholder diversity creating tension in developing shared value
propositions; Business model transition difficulties as manufacturers struggle to shift
from product-centric to solution-oriented approaches (Kampker et al, 2019);
Fragmented implementation of technologies without comprehensive management
systems; and Organizational support structures inadequate for maintaining complex
digital systems (Cook et al., 2021). Data Governance and Power Dynamic
Challenges include: Data ownership concerns with platform orchestrators
collecting farming data while farmers have limited control (Grabher, 2020);
increasing farmer dependency on technology; Trust issues regarding data use by
competitors or governments (Rijswijk et al., 2019); Power asymmetries affecting
farmer autonomy; Aftermarket lock-in where manufacturers maintain exclusive
control over equipment-collected data (Atik & Martens, 2021); and fears about
consumer misinterpretation of agricultural data (Kosior & Mtodawska, 2024).
Policy and Institutional Challenges encompass: Regulatory gaps with insufficient
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governance frameworks, as "Australia lags in providing appropriate regulation and
governance frameworks for the sector" (Hansen et al., 2023, p. 530); Inadequate
public sector support for digital food value frameworks (Cook et al., 2021);
Administrative burdens from redundant reporting requirements (Kosior &
Mtodawska, 2024); Inter-firm collaboration barriers around economic incentives
and strategic alignment (Zheng et al., 2009); Policy uncertainty affecting business
models relying on subsidies (Hu et al., 2022); and weak quality standards limiting
ecosystem functioning (Abdillah et al., 2023).

4 Discussion

This review highlights a fundamental shift from supply chain to ecosystem thinking
in agricultural business models—reflecting how digital transformation enables
sustainability transformation. As Mahdad et al. (2022, p. 1859) note, "the
interdependencies among agri-food actors call for bringing in the innovation
ecosystems petspective to replace the static supply chains perspective." This
evolution aligns with Adnet's (2017) Ecosystem Theory of Value Creation, which
emphasizes coordinated alignment among complementary actors rather than merely
optimizing individual supply chain elements. This evolution moves from precision
farming and platform models toward integrated digital ecosystems delivering tailored
solutions for farmers. Successful implementation requires balancing farmers' needs
with market demands, as "the space for developing a collaborative and open business
model is prepared" only when these align (Mahdad et al., 2022, p. 1857). This
supports Stakeholder Theory principles (Freeman, 1984), demonstrating how
technology-driven approaches that neglect key stakeholders lead to adoption
reluctance. Trust is a foundational requirement for data-driven ecosystem business
models. Fairness, accountability, and transparency (FAT) are essential principles for
agricultural data ecosystems, with blockchain technologies showing potential to
address power imbalances that have historically disadvantaged smallholder
farmers—directly addressing the data governance challenges highlighted in the
analysis. These observations resonate with Trust-Based Collaboration Theory
(Bachmann & Inkpen, 2011), particularly in how blockchain-enabled mechanisms
can facilitate collaboration where interpersonal trust may be limited. The matrix
framework reveals distinct sustainability profiles: Technology-Focused Models excel
at resource optimization, Value Chain Integration Models show balanced

contributions, and Data & Governance Models emphasize social sustainability



38T BLED ECONFERENCE:

672
EMPOWERING TRANSFORMATION: SHAPING DIGITAL FUTURES FOR ALL

through trust-building. This suggests comprehensive sustainability requires
complementary business models, aligning with Triple Bottom Line principles
(Elkington, 1997). While this study reflects literature-based patterns, empirical
validation is still needed. Future research should apply Value Sensitive Design
(Friedman, 1996; Van de Poel, 2020) to embed normative values like trust and

fairness into ecosystem model development.
5 Conclusion

This systematic review examined data-driven ecosystem business models in
agriculture with a focus on sustainability, identifying 32 distinct models across three
categories: Technology-Focused, Value Chain Integration, and Data & Governance
Models. These approaches demonstrate diverse applications of digital technologies
that create agricultural value while advancing sustainability goals—exemplifying the
twin transition of digitalization and sustainability. The models contribute to
sustainability through multiple pathways, including resource efficiency, improved
tinancing, environmental management, equitable value chain participation, and rural
community development. However, implementation challenges persist—
particularly around power asymmetries, data ownership, farmer autonomy, and
equitable value distribution. Economic value remains the dominant adoption driver
across studies. Recommendations for policymakers and practitioners include: (1)
developing user-centric value propositions; (2) creating robust governance
frameworks that promote equitable data use and trust-building; and (3) fostering
public—private partnerships to address infrastructure gaps. Future research should:
(1) build on this study’s framework to develop integrated sustainability assessment
tools that are supported by interoperable data frameworks and applicable in real-
world agricultural ecosystems; (2) explore user-centered design in relation to Global
North—South power dynamics; and (3) empirically validate the conceptual patterns
presented. The matrix framework (Figure 5) offers a practical tool for researchers
and practitioners to evaluate and design business models addressing specific
sustainability dimensions. Its relevance extends beyond agriculture to other sectors
including healthcare, smart cities, energy transition, and financial services. Despite
methodological limitations in identifying emerging models, this paper provides a
foundation for understanding and implementing digital technologies for a more
sustainable agricultural future, contributing to the broader goal of achieving twin

digital and sustainability transitions across economic sectors.
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