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Abstract: This study explored market actors’ perspectives on data sharing within Poland’s food
passports pilot, which tested the feasibility of a digital system that provides reliable and
comprehensive information on the origin, journey, and quality of agri-food products. Using
thematic analysis, we identified factors influencing stakeholders’ willingness and motivations to
share data. Our findings highlight the necessity of a clear value proposition for all actors within the
production and distribution chain to invest resources and time in additional data exchange systems.
For farmers, reducing burdensome reporting procedures and providing direct financial incentives
were key motivators. Agri-food processing, transport and packaging companies viewed data
collaboration as a practical tool to ensure high-quality raw materials and promote premium-priced
food. Appropriate data management policies were critical for all stakeholders. While sustainability
was recognized as important, opportunities for collaboration going beyond economic
considerations were not widely explored. Additionally, concerns about data interpretation emerged
as a significant issue. These findings suggest the need for data-sharing strategies that better align
economic benefits with broader sustainability goals. Further research is also needed to examine how
concerns about potential data misinterpretation limit stakeholders” willingness to engage in data
sharing initiatives.
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1. Introduction

In today’s digital age, the sharing of data in agri-food supply chains is pivotal for fostering
sustainable practices within the agri-food industry. It enables the development of smarter decision-
support systems, leading to optimized resource management, increased productivity, and reduced
environmental impact [1]. Furthermore, data sharing fosters transparency and accountability,
empowering consumers to make informed choices about agri-food products they purchase. This
transparency, along with data-driven decision-making across the sector, is also the key to unlocking
the full potential of the agri-food sector in addressing climate change and food security challenges
[2,3]. Recent rapid technological developments, particularly in artificial intelligence, promise further
progress in these areas, provided there is seamless and granular access to high-quality data on
operations in agri-food chains [4].

Despite the growing need for data-driven solutions, data sharing and data use in agri-food
chains remain limited [5]. Efforts to build a data-centric agri-food economy have intensified in recent
years; however, farmers have not been meaningfully included in data governance structures, which
has led to less participatory and less effective data-sharing ecosystems [6]. This exclusion extends
beyond farmers, as many small agri-food businesses and processing companies also remain at the
fringes of data exchange ecosystems. These challenges are primarily driven by barriers such as lack
of digital infrastructure, financial constraints, power imbalances in data control, and behavioral

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.2366.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2024 d0i:10.20944/preprints202410.2366.v1

factors such as mistrust, data privacy concerns, and reluctance to engage with new technologies [7,8].
It is therefore imperative that we gain a deeper understanding of the diverse needs, expectations,
motivations of various stakeholders, as well as their concerns, regarding the sharing, exchange, and
use of agri-food data. Such an understanding is essential for fostering collaboration and creating more
efficient and effective data-sharing mechanisms that enable informed decision-making across the
agri-food sector.

The aim of this study is to investigate the perspectives of market actors in the upstream agri-
food chain — from farm to transport and packaging — on data sharing for traceability and
transparency-oriented digital systems accessible to both government agencies and the wider public.
The limited participation of these actors in data-sharing initiatives has hindered progress; yet sharing
primary production data from these segments remains crucial for enhancing overall supply chain
performance and enabling reliable, comprehensive sustainability reporting [9,10]. Based on a national
2-year pilot for digital food passports, a system designed to digitally track food products from
production to consumption, this investigation highlights the views and preferences of stakeholders
involved in the upstream agri-food supply chains of three Polish markets — beef, pork, and potato —
regarding agri-food data sharing. It will explore their perceived benefits and incentives, as well as
barriers and concerns that hinder their participation in multi-actor data-sharing initiatives. The study
also aims to understand their willingness to cooperate to foster more sustainable practices through
information exchange and data disclosure. Our study seeks to address the following research
questions:

1.  What are the key motivating factors and barriers influencing farmers and other market actors’
willingness to share production and other data in agri-food chains?

2. What role does sustainability play in stakeholders’ motivations to share data within the agri-
food chains?

Understanding the interplay of motivational drivers and barriers to data sharing is essential for
designing initiatives that effectively promote transparency and sustainability. The findings of this
work will therefore offer practical insights to guide the development of policies and interventions
aimed at fostering data sharing and collaboration in agri-food chains, both in Poland and beyond.

2. Theoretical Background

A diverse set of theoretical frameworks has been used to analyze and explain the complexities
of data sharing in supply chains, including transaction cost economics, behavioral economics,
contingency theory, resource-based view, resource dependency theory, and relational governance
theories such as social networks, social exchange and the theory of planned behaviour [11-15]. These
theoretical perspectives help to better understand various aspects of information and data sharing,
including the motivations behind sharing, building blocks of the data sharing ecosystem, the types
of information and data exchanged, and the impact of different factors on data sharing practices. In
the context of the agri-food sector, theoretical frameworks centered around socio-technical systems,
relational governance and sustainability have been frequently employed to analyze the various
factors influencing agri-food data sharing [9,16-19].

Our theoretical approach focuses on a set of factors that influence market actors” decisions to
participate in data sharing initiatives aimed at providing transparency through systems accessible to
the public. Unlike prior research that predominantly focused on factors affecting bilateral data-
sharing within smart farming systems, we broaden the scope to include the influence of public
perception and the strategic presentation of data to external stakeholders such as government bodies
and consumers. By doing so, we aim to capture additional motivational factors and barriers that arise
when data sharing extends beyond traditional supply chain partnerships or obligatory data reporting
in closed ecosystems.

Existing research consistently points to the crucial role of trust as a foundation for successful
data exchange in the agri-food sector [7,20-22]. Clear communication, transparency, and leveraging
pre-existing trust networks are essential for fostering data-sharing behavior [23]. Since the digital
economy relies on extensive and automated data exchange, trust in the security and proper handling
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of shared data is indispensable [15,24]. Empirical evidence shows however that actual trust levels in
the agri-food sector, particularly towards data collectors and technology providers, are still quite low.
This low trust is especially pronounced among farmers who perceive the agricultural data economy
as a system that primarily benefits other stakeholders, potentially at their own expense [16,24].
Farmers’ reluctance stems from concerns that data sharing could compromise their privacy and
worsen existing power imbalances within the supply chain, enabling entities with substantial
resources to capture a disproportionate share of the value generated by agricultural activities.
Furthermore, farmers are wary of losing control over their data and the possibility that technology
providers might dominate crucial aspects of agricultural operations [7,8,25]. Similarly, concerns
persist that data collection by government agencies and public authorities may intensify regulatory
burdens and oversight, potentially leading to heightened scrutiny and enforcement and potential
invasions of privacy [17]. Agri-food processing companies have also expressed numerous concerns,
particularly that disclosing too much data could expose sensitive details about their operations and
production processes, potentially creating a competitive disadvantage [24].

Research suggests that a clear value proposition and vision of tangible benefits resulting from
data sharing should be communicated effectively to engage stakeholders [17]. Perceived benefits,
such as improved efficiency, smoother operations, access to new markets, and increased sales and
profitability, have been found to be crucial in encouraging data sharing. Identifying value streams
arising from data sharing with active user involvement has also been recommended to ensure that
these benefits align with the actual needs and expectations of stakeholders [19]. At the system level,
increased data sharing and collaboration within agri-food chains can lead to optimized resource
management, greater transparency and traceability, waste reduction, and comprehensive emissions
tracking, and ultimately, improved sustainability [26-28]. Yet, while these benefits are well
documented at the aggregate level, they may not be easily recognized at the level of individual
producers or farms. In addition, empirical findings indicate that stakeholders may be hesitant to
share certain data categories, despite their significant potential to improve sustainability and deliver
public goods [7].

Stakeholders” decisions to engage in data sharing are strongly influenced by relational factors
such as the strength of network ties, structural elements like the data-sharing model, and external
considerations including legal frameworks, regulatory incentives, and perceived risks [23,29,30]. In
networks where cooperation and shared norms are strong, observing others’ participation can
encourage data-sharing behaviors [31]. Also, when data is shared among select and trusted parties,
as e.g. in private data-sharing platforms or industry consortia, concerns over privacy and data misuse
may be less pronounced than in open, multi-actor or transparency-oriented systems that make data
accessible to a wider audience [32]. Furthermore, regulatory incentives that link data sharing to
sustainability compliance can motivate stakeholders to participate, as adherence to these standards
helps in accessing new markets and enhances stakeholders’ competitiveness and resilience [33]. On
the other hand, the fear of reputational damage can fuel selective data disclosure, creating a
reluctance to share data that might be perceived negatively by the public, even if it could yield
valuable insights when shared and analyzed collectively [29,34]. Particularly in consumer-targeted
systems, stakeholders may prioritize sharing information that enhances their market reputation,
avoiding disclosures that could trigger public overreactions damaging their image [35].

Due to the complex interplay of socio-economic and behavioral factors influencing data sharing,
researchers and sectoral experts emphasize the need for implementing specific governance
mechanisms and technical approaches to support and facilitate agri-food data sharing and utilization
[8]. Specifically, ensuring data security, privacy, transparency, and control over data flows —
collectively known as data sovereignty — have been found critical for building trust and fostering
participation in data exchanges [23]. In the European Union context, the emphasis on trust and
appropriate legal, organizational and technical frameworks has paved the way for the establishment
of independent data intermediaries, alongside the concept of data spaces [34]. This framework now
serves as a key tool for efficient data exchange across organizations and sectors, with data sovereignty
— the authority and control over data, including decisions on how it is accessed, used, and shared —
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as its foundational principle. Within the agri-food sector specifically, the literature highlights several
key technological enablers for creating such trusted and effective environments for data sharing
initiatives. These include semantic web technologies, privacy-preserving frameworks, security-
enhanced distributed ledger technologies, blockchain-based approaches, and federated machine
learning [36-38].

Nevertheless, the willingness and readiness of agri-food stakeholders to adopt digital
technologies and participate in data collaboration frameworks are contingent upon addressing a
range of organizational and technical challenges [39]. Unstable contractual relationships and
fragmentation within agri-food supply chains discourage investment in shared data platforms.
Moreover, merely accessing and utilizing such platforms requires significant upfront technology
investments and ongoing maintenance costs, which exceed the financial capabilities of smaller actors
[40]. Additionally, the agri-food sector still lags behind in terms of digital infrastructure and ensuring
data interoperability, which not only raises costs but also makes the benefits of data sharing less
apparent. The lack of institutionalized information exchange standards and prevailing uncertainties
regarding costs and return on investment further complicate collaboration efforts [26,41].
Furthermore, limited digital skills among stakeholders often result in the underutilization of
available digital solutions and functionalities, as they are perceived as either ill-suited to their needs
or overly complex [42]. In light of these challenges, a number of studies and international reports
have advocated for concerted actions by the public and private sectors to develop open data
standards, invest in secure and interoperable data infrastructure, and provide financial and technical
support to under-resourced actors in the agri-food sector [6,26,43—46]. Furthermore, studies highlight
the importance of capacity building, training and educational programs aimed at both enhancing
data management skills among stakeholders and ensuring equitable access to these technologies, as
vital components for the success of data sharing initiatives [7,8,21].

Based on insights from the literature, we employ the identified framework of incentive
structures and barriers as a reference point to better understand the perspectives and approaches of
Polish agri-food chain stakeholders towards data sharing. Incentives structures encompass elements
such as established relationships and trust, technological enablers, economic and value
considerations, as well as policy, legal and governance frameworks. Market recognition, reputation,
education and capacity building are also key drivers. On the other hand, barriers to data sharing stem
from organizational and structural challenges within supply chain cooperation, which often lead to
trust deficits. Additional hurdles include technical limitations, financial burdens and economic
uncertainties, lack of comprehensive regulations and data governance policies, concerns over
reputational risks and limited awareness and knowledge about the benefits of data sharing. Figure 1
visually illustrates our framework, highlighting the factors that facilitate or hinder data sharing
within specific categories which collectively influence the overall level of engagement in data sharing.

The presented framework encompasses multiple dimensions — systemic and structural,
technological, socio-economic, sustainability and environmental, as well as human and knowledge-
based — which allow for a comprehensive analysis of agri-food stakeholders’ perspectives,
preferences and behaviors related to data sharing. It will serve as the primary lens through which the
Polish digital passport pilot data will be examined. Furthermore, by leveraging this multifaceted
framework, we intend to generate practical insights from the Polish case study that can inform policy
and practice of data sharing in agri-food chains.
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Figure 1. Drivers and Barriers to Data Sharing in Agri-Food Chains.

3. Materials and Methods

To gain an in-depth understanding of the factors influencing agri-food chain stakeholders’
willingness and motivations to share data in transparency-oriented digital systems, we employ a
qualitative case study approach. Our focus is on a pilot implementation of the digital food passport
system in Poland, which serves as an illustrative example of such a data-sharing arrangement. The
pilot, initiated by the National Support Center for Agriculture as a research and development project
and conducted by the NASK - National Research Institute between December 2021 and November
2023, was the first attempt in Poland to assess the feasibility of a digital system for tracking food
products from farm to shelf, providing reliable and complete information on their origin, journey,
and quality. Spanning the beef, pork, and potato markets — selected due to expressed interest from
industry-level organizations — the pilot aimed to evaluate the feasibility of such a digital food tracking
system. The intention was to test the system with the goal of expanding it to other markets, ultimately
aiming to facilitate access to information about Polish food and foster sustainable development in the
agri-food sector.

The pilot involved participants from various stages of the supply chain: agricultural producers,
processors, and companies handling transport, storage, and packaging. It started with preliminary
research among stakeholders in selected markets to explore their willingness to collect, aggregate,
and share information within a single data platform for issuing digital passports for food products.
Exploratory interviews were conducted with 19 actors representing various stages of the production
chain who were interested in and decided to join the pilot. Insights gathered from these interviews
informed an analysis of stakeholder needs and expectations concerning the functionalities of the
digital food passport system. Subsequently, AS-IS (current state) process interviews were conducted
to gather key information at their premises, including types of data required for the system, data
flows and potential barriers to data sharing. The second, developmental phase of the pilot involved
the TO-BE analyses and deployment of an IT system designed to record production and supply chain
events within the selected markets. In total, 70 market actors participated in testing a common system
designed to collect, process, and provide access to supply chain data, with the goal of issuing ‘food
passports’.

The pilot predominantly attracted participants from the meat market, particularly beef
producers who operate within well-organized, dense networks of cooperation, are export-oriented,
and focus on achieving higher price premiums for quality. Farmers constituted the most represented
group, followed by a smaller number of participants from the agri-food processing sector, as well as
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transport and packaging. Some participants operated across multiple links in the supply chain (Table
1). Following a period of data sharing, pilot participants were invited to complete a voluntary survey
to assess their experiences, perceptions, and satisfaction with the data sharing process and the
prototypes of food passports.

Table 1. Pilot Participants by Sector and Role in the Agri-food Chain.

Agri-food Transport and Multiple Count
Farmers processing packaging roles
A B C AC BC
Beef 38 8 3 - - 49
Pork 13 - 1 - 2 16
Potato - - 3 2 - 5
Count 51 8 7 2 2 70

Our examination, grounded in the wealth of information gathered over the course of the pilot,
involved a retrospective analysis of the project’s documentation. This allowed us to delve deeper into
stakeholder perspectives informed by their interactions and experiences with the data-sharing
system. Materials examined included:

= nineteen field notes compiled during on-site conversations with pilot participants, capturing
insights into their operational processes, needs and challenges faced and approaches towards
the food passports system; these materials informed the pilot’s reports and approaches towards
the food passports system;

= twenty-three completed end-of-programme questionnaires, which provided quantitative and
qualitative data on participant experiences, satisfaction levels and suggestions for future
improvements, and contributed to the final project report;

= five comprehensive reports (totaling approximately 3000 pages) generated during the pilot,
encompassing the preliminary research phase, detailed analyses of the three specific market
sectors involved, and a final project report that synthesized overall findings and
recommendations.

We conducted a thorough review of these data sources, selecting relevant parts that aligned with
our research questions on key drivers and barriers to data sharing in agri-food chains, and the role of
sustainability in stakeholder motivations (Figure 2). These selected segments were then subject to
thematic analysis [47,48]. Given that the field notes and questionnaires collected during the surveys
were foundational inputs for the pilot’s reports, we excluded overlapping reports” content to avoid
redundancy. Yet, specific sections of reports associated with technical, organizational, legal and
socio-behavioral aspects provided a context for understanding factors affecting data-sharing within
the agri-food chains involved. Field notes were included in their entirety for coding. Of the 34 survey
questions, 15 were identified as relevant to our research; these encompassed closed questions,
multiple-choice questions with comments, and open-ended responses. Additionally, the section of
the Final Report specifically referring to data-sharing experiences and cooperation with technology
providers was included in the materials subject to coding, as it covered complementary information.

The selected data sources were checked to ensure coverage of perspectives from all three
segments of the involved agri-food chains: farmers, agri-food processing, and transport and
packaging in beef, pork and potato markets. The coding process was guided by the theoretical
insights from the literature review presented in the previous section. These informed the
development of codes, the identification of key elements within the data, and the interpretation of
emerging themes. The data was coded using QDA Miner Lite software, with two researchers
independently coding the data and then comparing their results. The outcomes were discussed, and
the common codebook was agreed upon. Subsequently, the entire dataset was re-coded using the
agreed-upon coding scheme. Following the coding process, thematic analysis was used to identify
the key factors influencing approaches to data-sharing among the different actor groups.
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Figure 2. Overview of Data Sources and Selection Process for Analysis.

4. Results

Analysis of the data revealed seven key themes reflecting market participants’ perspectives on
data sharing for the issuance of digital food passports (Table 2). Each of the themes encompassed
multifaceted aspects that included both factors facilitating and constraining data sharing. The
primary incentive for all market participants to adopt the digital passport system was the promise of
more effective traceability for food quality assurance. This included improving transparency and
integrity in agri-food chains, along with increased economic and financial benefits, leading to higher
profitability. The main obstacles were excessive bureaucracy and the slow pace of digitalization both
among market participants and public administration handling agricultural issues. Additionally,
limited automation and high costs of digital technologies emerged as significant hurdles.
Consequently, market participants sought solutions to reduce bureaucracy, accelerate digitalization,
and make technology more accessible. Participants also referred to environmental sustainability in
production and supply chains as a motivation for data sharing. However, it was mentioned less
frequently compared to other themes.

Table 2. Themes Identified in Thematic Analysis.

Theme Frequency (%)*
Collaboration and Transparency for Food Quality and Integrity 21,72
Economic Benefits and Profitability 17,97
Law, Regulation and Administration 17,03
Access to Technologies and Applications 14,53
Knowledge, Awareness, and Promotion 12,81
Trusted and Effective Data Management 9,53
Sustainability in Agriculture and Supply Chains 6,41

*Frequency represents the percentage of all codes in the dataset associated with each theme.

4.1. Collaboration and Transparency for Food Quality and Integrity

The pilot’s participants from all three markets — beef, pork, and potato — shared a common
understanding of the necessity of increasing transparency and access to information throughout the
supply chain as a key element in improving food quality and integrity. They highlighted the need to
adapt to the growing consumer demand for information about product origins — it is important to
confirm meat quality through the transparency and openness of information regarding animal
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breeding, feeding, and treatment (Q5-B). Equally important was the desire to streamline operations
within the supply chain by expanding data sharing beyond current practices. However, while all
markets and segments recognized the need for improving access to supply chain data, their
approaches to sharing this data and their willingness to do so varied. Specifically, beef producers
were more willing to invest time and resources in the new data-sharing system, viewing it as a tool
to increase trust and validate high-quality claims. Conversely, pork producers, whose products do
not enjoy the same premium image, were less convinced of the system’s benefits. Nevertheless, all
participants considered easy and fast access to verified data about supply chain partners crucial. For
instance, in the beef market, farmers expected easy access to slaughterhouse reports after slaughter
(Q1-B). Similarly, slaughterhouses needed better access and integration of animal treatment data
from farmers into the meat production supply chain (FN11-B). Collaboration during the pilot enabled
the co-development of a prototype of a system that allowed authorized entities to share data sets
regarding the product, its quality parameters, the history of events at production stages, information
about individual entities involved in these stages, as well as information about tests performed and
certificates obtained for the product (FR) (p. 62). Overall, participants viewed data sharing as a
practical investment to increase transparency in commercial relationships and in improving product
traceability and safety for consumers. They also believed it would lower the risk of purchasing
products of inappropriate quality and help them avoid the consequences of actions by non-compliant
actors (The system will ensure full traceability in a short time — which is important in case of
inspections and recalls, Q6-PK).

4.2. Economic Benefits and Profitability

Direct economic benefits, such as the ability to sell at higher prices and having guaranteed
payments (Q1-PT), greater profit by proving the good quality of products (Q2-PK), or a price increase
for the finished product (Q5-B), were the strongest common motivator for market actors to engage in
data sharing. Participants expressed hopes that food passports would become widely recognized
documents, granting them broader market access, facilitating trade and exports, and ultimately
increasing their income (Q4-PT). They also expressed a strong interest in integrating the online
marketplace into the system. They viewed it as a tool to foster informed decision-making for buyers,
attract better offers for sellers, and enhance transaction effectiveness and overall market
competitiveness (Q4-B, Q13-B, Q3-PK, FN1-PT, Q4-PT). The potential of the data-sharing system to
enhance access to consumer demand data also served as a strong motivator for participants. This was
seen as particularly important for smaller farms which bear higher unit costs and face greater
challenges in accessing valuable information, such as market data or consumer demand insights,
including data on specific locations with high demand for high-quality food (FN1-B). Furthermore,
participants saw digital technologies and automation as crucial for enabling data-driven decision-
making and increasing efficiency on their farms and in plants. Potato farmers expected data sharing
to expand the use of precision agriculture, including the development of recommendation systems
for suitable potato varieties based on soil test results (Q3-PT). Meanwhile, meat producers anticipated
that greater automation such as using RFID ear tags for automated data collection at gates (Q11-B)
and implementing automated feeding systems (Q3-B, Q2-PK) would optimize processes and improve
efficiency. However, concerns were also raised about the substantial costs of integrating new
technologies, adapting to change, and the potential for increased labor costs due to new data-sharing
commitments, especially given the slow pace of automation in the industry. These concerns were
especially prevalent in the pig market, where some participants saw no clear path to increased meat
prices and thus no compelling benefits to justify the costs of participating in the data-exchange system

4.3. Law, Regulation and Administration

A key concern highlighted by participants during the pilot was the excessive bureaucracy and
administrative burden associated with reporting the same or overlapping data multiple times to
different government agencies. Unless legislation changes, participants noted, data will continue to
be duplicated because all institutions still expect data in their own templates, often resulting in
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redundant submissions (Q2-B). Emphasizing the need for legislative changes, they advocated for
standardized data collection and streamlined reporting processes. Furthermore, they stressed the
importance of cooperation with public administration, recognizing its role as a guarantor of the food
passport’s credibility (FR). There was also an expectation that government agencies would adapt
their data collection processes to utilize the information contained in the food passporting system,
thereby eliminating the need for farmers to provide duplicate data or submit them in paper form or
via Excel spreadsheets (B5, FN10, Ptl). Producers highlighted that simplifying registration,
inspection, and certification processes would incentivize data sharing by reducing the administrative
burden associated with compliance (FN3-B, Q8-B, Q4-PK, Q3-PT). A voluntary data-exchange system
was largely favored, with participants emphasizing their desire for autonomy in deciding how and
when to share their data and advocating for a system based on incentives and motivation rather than
obligation (Q4-B). As one participant put it, making participation obligatory would encourage
attempts to camouflage activities that do not align with the goals of the passporting system (Q1-PK).
At the same time, providing financial support for equipment and software provisioning and specific
support measures —such as higher scoring in EU support programs and exemptions from agricultural
or property taxes — were put forward as key elements in motivating further data-sharing efforts (Q1-
PT, Q3-PT, Q5-PK).

4.4. Access to Technologies and Applications

During the testing of solutions for digital food passports, participants encountered numerous
challenges related to the accessibility and functionality of the technologies and applications used. An
ongoing issue was the insufficient level of digitalization and automation among market entities and
problems related to the range of the Internet on the farm. Participants also highlighted the lack of
interoperability between the systems used - another obstacle for farmers is the lack of synchronization
between the computer systems embedded in agricultural machinery and their home computer
systems or other agricultural machines (Q1-PT). Integration of the passporting system with both
agricultural machinery systems, such as GPS systems that record field operations (QQ3-PT) and public
administration registers (e.g. run by the Agency for Restructuring and Modernization of Agriculture,
the Plant Health and Seed Inspection Service, the District Chemical and Agricultural Station) was
expected to enable the automatic import and export of data (FR, Q8-B, Q2-PK, Q3-PK). However, this
integration was hindered by limited capacity within public sector institutions, which faced challenges
such as underdeveloped digital information systems and a lack of APIs for data exchange (FR).
Significant advancements in the digitalization of the broader agri-food sector, including farms,
businesses, and public institutions, were therefore seen as crucial for fostering further engagement in
data-sharing initiatives. Specifically, participants expressed expectations for user-friendly software
features, technical support, and training, emphasizing the need to reduce labor-intensive data
handling. They called for functionalities such as automatically generating comprehensive animal
histories —including events like ear tag losses, disease occurrences, treatments, and weight recordings
(Q6-B), an easy way to input data on routinely conducted procedures (Q5-PK), on-demand functions
allowing for the upload of additional data categories (Q2-B, Q4-B), as well as improved fluidity in
navigating the software (Q1-PK). Potato producers desired mobile applications that assign laborers
specific tasks, such as fertilization or treatments, with a breakdown by field sector (Q3-PT) and
display all relevant data on a single screen (Q2-PT)

4.5. Knowledge, Awareness, and Promotion

Participants viewed digital food passports as tools for marketing, product promotion, and
enhancing brand image, particularly by showcasing information about acquired certifications. To
maximize these benefits, they emphasized the need for regular social campaigns to promote both the
producers and products participating in the passport system (Q1-B, Q10-B, Q11-B, Q1-PK, Q2-PK,
Q2-PT, Q5-PT). This was seen as important not only for raising consumer awareness of the system
but also for attracting other agri-food chain actors to achieve the scale benefits of such a system (FR,
Q1-B). Furthermore, participants stressed the importance of providing training and knowledge
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transfer to potential new members, helping them meet the system’s requirements and improve the
quality of their products so they could join (e.g. through education on optimal cattle raising periods).
Agri-food processing companies, in particular, expected educational programs that would explain
and promote relevant quality standards concerning raw agricultural produce to farmers (Q11-B).
However, participants also noted that without systemic tools for effective, unified communication
with markets, promoting greater engagement and achieving scale effects in data sharing was
challenging (FR). During the pilot implementation, a noticeable tension emerged between the desire
for greater transparency and concerns over potential reputational damage. Many participants
pointed out that the general public and consumers often do not understand the principles of good
agricultural and agri-food processing practices. Even farmers using sustainable production methods,
along with agri-food processors, transporters, and packaging companies, worried about the potential
for their data to be misinterpreted in the market. Concerns arose around various data points, such as
information on trade names of plant protections products or animal treatments and medications. As
one participant noted, providing information about treatments and medications could be
misunderstood by consumers — consumers lack knowledge on this topic (Q9-B). Similarly, sharing
information on the time spent in cold storage raised concerns - while the appropriate time improves
the quality of the meat, the consumer may think that the meat has been 'sitting for too long' (Q12-B).
Therefore, campaigns aimed at increasing both consumer awareness and knowledge about
agriculture, production, and processing processes emerged as important factors for market entities
that could alleviate these concerns and support further data exchange processes within the food
supply chain.

4.6. Trusted and Effective Data Management

Participants in the pilot emphasized the critical importance of robust data management policies,
focusing on concerns such as data control, privacy, security, quality, accuracy, and ethical use. This
was particularly evident in their reluctance to share breeding and husbandry data, highlighting
concerns about its privacy and the subsequent loss of control over how the data might be used or
shared by others. Specifically, participants were concerned about who the recipients of the data were
(who has access to it) and about control over cloud solutions (FR) (p. 50). For instance, pork market
representatives in the transport and agri-food processing sectors were concerned that their data may
not be secure and could therefore be used by their competitors to their detriment (Q6-PK). Ensuring
the quality and accuracy of data entered into the system was another key concern for participants.
They emphasized the importance of appropriate data scope, arguing against the inclusion of
excessive details that do not add value to oversight systems or consumer information (Q1-B). Some
participants also expressed concerns about whether the data will be correctly entered by the
participants of the system (Q13-B, Q3-PT). As participants indicated, intermediaries involved in the
purchase of agricultural products change frequently and may not be subject to systemic oversight,
which raises doubts about the trustworthiness of their data (FN9-B). The shared conviction about the
need for data immutability to guarantee accuracy led to a preference for blockchain or blockchain-
like solutions (Q1-B). Ultimately, cooperation and coordination with government agencies were
viewed as essential steps toward ensuring the trusted and effective data management required to
maintain confidence in the issued food passports (FR).

4.7. Sustainability in Agriculture and Supply Chains

While sustainability was not the most frequently discussed topic in the participants’ direct
statements, it remained an important issue for them. Their application to and active participation in
the pilot project reflected their awareness of the growing expectations from both consumers and
importers for concrete proof that food products are produced within sustainable production systems
(FR). Participants demonstrated this commitment through a collective emphasis on animal welfare,
biodiversity conservation, efficient resource use, technological advancements, and supply chain
optimization as key pathways to enhance sustainability. Specifically, organic producers and others
involved in organic food processing and transport emphasized the need to actively promote the high
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quality of their products to encourage consumers to buy organic foods (Q1-B). The environmental
aspect of sustainability was primarily linked to its potential to improve animal and soil health and
enhance food product quality and taste: This is family farming, of the ecological type, this means that
breeding is not used in the indoor stall-based system but in the open space all year round, the animals
are fed exclusively with natural products such as hay, silage, straw, which results in the absence of
diseases and improvement of taste qualities (FN1-B). At the same time, in some markets, difficulties
associated with the development of organic production — operating in batches with a small number
of animals — were emphasized. As one participant from the food processing sector noted: This
production caused significant economic losses. Demand was low, and stopping the production line
to slaughter such a small number of animals was costly in relation to the revenue from sales (FN4-
PK). Other participants aimed to enhance the sustainability of their farms through the use of precision
farming techniques. In the meat sector, expanding the use of alert systems for animal health and
welfare based on sensors was indicated as required action (FN1-B, FN6-B, FN9-B). Potato producers
expected the easy ordering and access to various tests, including soil and yield analysis and
monitoring crop health, identifying water deficiencies, and optimizing resource use (Q3-PT).
Additionally, the need to support shortening the supply chains was highlighted. As one participant
stated: High meat quality is achieved thanks to the breed and through the applied breeding system
and feeding method, and ultimately - by shortening the supply chain (FN1-B). Based on their
experience with the pilot project, participants also highlighted the value of a food passport system
that goes beyond simple traceability by validating high quality and sustainable production methods.
They emphasized that access to this system should be granted to select entities who are monitored
by appropriate institutions and possess relevant certifications (FN3-B). However, collaboration for
sustainability across the entire supply chain has not been widely discussed or explored.

Collectively, these themes reveal that market actors had numerous expectations and hopes, but
also faced significant concerns and challenges related to data sharing within agri-food supply chains.
The findings illustrate a quite complex picture of efforts to build a sophisticated data-sharing system
across three agricultural markets in Poland, all within a socio-economic context characterized by a
relatively low level of digital maturity. While these perspectives primarily come from entities more
open to collaboration — since they chose to join the pilot — they highlight specific areas that require
attention to facilitate broader participation in data sharing initiatives aimed at enhancing
transparency and sustainability in agri-food supply chains. Common motivations and concerns were
identified across all segments involved in the pilots; however, the significance of certain motivations
and barriers differed among stakeholders, reflecting their specific roles in the supply chain. Farmers
were primarily motivated by the potential to achieve higher prices for their products and to reduce
administrative burdens. For agri-food processors, the main motivation was ensuring the quality and
integrity of raw materials and agricultural produce. Processors, as well as transport and packaging
companies, were interested in gaining better access to supply chain data to ensure traceability and
quality during production processes and operations. These differences naturally reflected their roles
in the supply chain, which drove their interest toward specific aspects of agri-food data sharing.
Additionally, participants in the pilot in all three markets expressed expectations for continued
engagement from public institutions in facilitating data sharing, highlighting the crucial role of the
public sector in supporting these initiatives.

5. Discussion

Data exchange systems enabling better resource management and tracking of food product
history, quality, safety, authenticity, and ethical and sustainability compliance are essential for a
transparent and sustainable food system [1,45,49]. With the European Green Deal and Farm to Fork
strategy demanding greater transparency and sustainability in reporting, the need for more extensive
data sharing in agri-food chains has become even more pressing [50-52]. The pilot project analyzed
in this study developed the prototypes of digital food passports across three agricultural markets,
confirming the feasibility of establishing and scaling such a system in the three markets studied as
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well as the potential for rolling it out in other agricultural markets in Poland. However, it also
highlighted numerous barriers that still hinder the extensive data sharing required for such systems.

The willingness of farmers and other market actors to share data with supply chain partners and
government agencies was influenced by a range of factors, including economic, legal, technical,
organizational, and financial considerations. Our findings support existing literature, highlighting
the necessity of a clear value proposition for farmers and other actors within the production and
distribution chain to invest resources and time in additional data exchange systems [8,17].
Stakeholders must be convinced that such a system will not only provide consumers with
information that supports more informed purchasing decisions, but will also significantly improve
their operations and enhance the marketability of their products, leading to higher profits. For
farmers participating in the pilot factors such as reducing burdensome reporting procedures and
direct financial incentives played a particularly important role. These needs and preferences are not
unique to any single market, but are common among farmers across the European Union, as the
issues of low profitability and excessive bureaucracy consistently arise during stakeholder
consultations concerning Common Agricultural Policy reforms [53,54]. At higher levels of the supply
chain, data collaboration was seen as a practical tool to ensure high-quality raw materials and
promote premium-priced food with the use of digital passports.

The observed mobilization and interest in data sharing within the beef sector can be attributed
to its robust industry-level organization. The Polish Beef Strategy 2022 [55] unified stakeholders and
encouraged for developing a long-term strategy for 2030, with a key focus on expanding data sharing
beyond the current system. Prior experience with data collection within the EU’s identification and
traceability systems for livestock, along with the voluntary adoption of more advanced methods like
DNA testing, fostered trust and raised awareness of the crucial role of data collaboration. Thus, the
experiences collected during the pilot reinforce the evidence presented in other studies on the
underlying importance of collective goals, collaboration, and trust in establishing successful data-
sharing initiatives [7,18,20,23]. Yet, the two other relatively well-organized agricultural sectors
included in the pilot did not exhibit the same level of engagement in data sharing. This suggests that
cooperation, trust, and awareness of data collaboration importance alone are not sufficient to
motivate data exchange. In these specific cases, price sensitivity and the perception of products as
non-premium or having limited potential for margin growth appeared to be key deterrents. The
relationship between market prices and the propensity for data exchange within agri-food chains
warrants therefore a closer examination in future research.

Findings from the pilot confirmed the importance of appropriate legal, organizational, and
technical frameworks in building effective data exchange systems, consistent with existing research
[21,38]. It became evident that in the agri-food sector, where digitalization and automation levels are
still quite low, data-sharing initiatives require particularly careful planning and support mechanisms
to facilitate participation and ensure they are not perceived as burdensome by participants. This
underscores the need for joint efforts between the private and public sectors in digital transformation
across the agri-food sector [6,45]. Successful data sharing requires not only active participation from
market actors, but also significant commitment from public sector agencies, which, given their
inspection and monitoring functions, are integral to traceability and quality confirmation systems in
agri-food chains. By developing digital infrastructure and modernizing their own systems and
processes, public institutions can facilitate more efficient communication, reduce administrative
burdens, and provide centralized access to essential information and services [43,44]. In countries
that are behind in digital transformation, these enhancements alone could drive greater participation
in data exchange systems.

A key subsequent observation from this analysis is that even in socio-economic contexts
characterized by low digitalization, farmers and other stakeholders within the agri-food chain may
still be highly aware of the potential threats associated with data exchange and usage. Thus, in
addition to technological advancements, market actors also expect robust data governance policies
that provide clear rules for data access and usage, along with strong privacy protection and greater
control over their data [23]. Confidence in the security, quality and integrity of data is essential for
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market actors to make informed decisions based on the data shared within sectoral data exchange
systems. This need is even more critical in systems built on transparency and public communication
with consumers and other market participants. The importance of data governance issues for farmers
and agri-food chain stakeholders is already widely recognized [8,19]. This recognition has led to the
adoption of new data regulations in the EU and the establishment of a common European agricultural
data space, aimed at improving the security and trustworthiness of data exchange within the sector
[56].

Understanding the motivations and concerns of agri-food stakeholders regarding their data and
its use is essential for developing strategies that enhance sustainability within agri-food chains and
the sector as a whole [9,51,57]. The development and testing of digital food passport prototypes in
Poland highlighted a tendency among market actors to prioritize sharing data for financial and
economic gains. This means that demonstrating how data sharing leads to increased profitability,
cost savings, or market advantages should be an integral part of efforts to engage stakeholders in
data-sharing initiatives within supply chains. However, this emphasis on financial gains could also
lead to an imbalance, as data that could support other dimensions of sustainable development — such
as environmental protection and improved working conditions — may not be exchanged to a sufficient
degree for their broader utilization. Taken together, the evidence from the Polish pilot reinforces the
perspective that digitalization and data are primarily used to enhance economic viability, rather than
being leveraged to fully support all dimensions of sustainable development [58]. Until market actors
see direct financial benefits from the additional effort required to exchange environmental and other
data, it may be necessary to provide additional public support for initiatives in this area.

An essential approach to achieving a more balanced contribution to agri-food data sharing is
through education, raising awareness, and promoting all market actors who adhere to sustainability
principles [58]. As the Polish pilot highlights, market actors may be reluctant to share certain types
of data in consumer-facing information systems due to fears that it will be misunderstood or
misinterpreted, potentially harming their market position. More broadly, agri-food chain
stakeholders shared a common apprehension that consumers and the broader public do not fully
understand all aspects of agricultural practices, often adopting overly simplistic interpretations.
These concerns about the lack of sufficient knowledge to properly interpret the data were present
among different groups of the pilot’s participants, including farmers employing sustainable practices.
Dilemmas surrounding the disclosure of data and information in the broader context of social
reception — where transparency is increasingly important, but the potential costs of losing
reputation or image are high — require careful consideration [29,34]. Yet, they have not been
thoroughly analyzed in the literature on the development of data-sharing systems in agri-food chains.
Further research is therefore needed to determine whether social and educational campaigns raising
consumer awareness about agricultural practices could indeed foster data sharing and transparency
by addressing producer concerns about public misinterpretation of their data.

While the pilot revealed high expectations for the public’s perception of agriculture and agri-
food products, it also highlighted that stakeholders themselves recognize the need for additional
sector-wide efforts to build knowledge and skills among all market actors to enhance sustainable
development. These needs and expectations of more forward-thinking market actors can be viewed
as part of their broader strategy to shape the industry’s image in response to increasing regulatory
demands, while also protecting their own interests by proactively mitigating risks posed by non-
compliant entities. They also reflect an awareness of the scale of benefits that data exchange among
all participants and links in the supply chain can bring.

6. Conclusions

Gaining a deeper understanding of market actors’ motivations and behaviors is essential for
enhancing the prospects of achieving sustainability goals in the agri-food sector. Data-sharing
systems drive the digital transformation of the food system, enabling data-driven insights that
promote sustainability and resilience. Collaboration on data between supply chain participants —
alongside parallel investments in the digitization of production processes — not only underpins
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product tracking systems to identify potential food safety issues but also optimizes the entire supply
chain and generates greater added value through improved access to market data and other relevant
information.

The pilot project on digital food passports in Poland explored the feasibility of establishing a
comprehensive data-sharing system among market actors under the supervisory role of public sector
agencies. Materials and data gathered over the two-year duration of the project provide valuable
insights into stakeholder approaches to collaboration within agri-food supply chains. The findings
underscore the necessity for producers to perceive tangible benefits from their engagement in data
sharing such as direct financial gains, higher market prices, expanded export opportunities, or
improved efficiency. They also indicate that the motivations to share data for broader environmental
and social welfare purposes are noticeably weaker. This is unsurprising in voluntary data-exchange
systems designed to provide information beyond what is mandated by law. However, this also
highlights the need for strategies that better align individual interests with broader sustainability
goals within such voluntary, industry-wide systems.

This study also suggests that incentivizing agri-food data sharing may require more intensive
educational and social campaigns directed at both producers and consumers. By addressing
stakeholders’ concerns and highlighting the long-term benefits of comprehensive data exchange,
such initiatives can enhance participation and contribute to the advancement of all dimensions of
sustainability in agri-food chains. Further research is required to explore different aspects of socio-
economic frameworks and key collaboration strategies to achieve these goals.
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