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TITAN

Executive Summary

Food products are vulnerable to several risks, such as contamination, adulteration/food fraud, and
involvement of unethical practices for the people and the planet. In many cases, these vulnerabilities
are beyond the area of action of individual food companies, which makes it challenging to identify
incidents and give a timely response, causing disruptions in the food system. Hence, transparency is
needed, which is about opening the right type of information, in the right way, to the right audience

at the right moment.

This document provides insights into the requirements and cross-cutting challenges for creating
transparency in food supply chains with digital technologies. This deliverable is the first deliverable of
WP3 Digital Technologies. With the purpose of exploring and defining the context, this deliverable is
related to Task 3.1: Requirements on digital technologies and methodologies for creating

transparency in the food supply chain and associated cross-cutting technological challenges.

The report contains case descriptions and detailed BPMN (Business Process Model and Notation)
models of the TITAN pilot case studies, including the interactions between the stakeholders within the
data flow, as well as an extensive description of context-dependent requirements and cross-cutting
challenges in these supply chains. These models show how transparency is created using different

technologies.
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Legal Disclaimer

This document is issued within the framework of and for the purpose of the TITAN project. This project
has received funding from the European Union’s Horizon Europe Framework Programme through the
Research Executive Agency (REA) under the powers delegated by the European Commission and under

Grant Agreement No. 101060739.

However, the views and opinions expressed are those of the author only and do not necessarily reflect
those of the European Union or the Research Executive Agency. Neither the European Union nor the

granting authority can be held responsible.

This document and its content are the property of the TITAN Consortium. All rights relevant to this
document are determined by the applicable laws. Access to this document does not grant any right or
license to the document or its contents. This document or its contents are not to be used or treated
in any manner inconsistent with the rights or interests of the TITAN Consortium or the Partners'
detriment and are not to be disclosed externally without prior written consent from the TITAN
Partners. Each TITAN Partner may use this document in conformity with the TITAN Consortium Grant

Agreement provisions.
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Introduction

The European Green Deal is the central strategy of the European Union to transform European society
with a modern, resource-efficient and competitive economy while addressing climate and
environmental challenges. The Farm to Fork strategy follows the path traced by the European Green
Deal while responding to increased public awareness and the growing demand for a Food System
capable of providing healthy, sustainable and affordable food. All players in the Food Value Chain are
called upon to contribute to this goal thanks to recent technologies and recent discoveries in the
sector. Farm to Fork aims at setting a global standard that can overturn the current paradigm
consisting of air, water and soil pollution, loss of biodiversity and climate change and excessive

consumption of natural resources.

For such an agrifood system to flourish, consumers must have better access to healthy, sustainable
and affordable food, with transparent information about the integrity and true value of food, so that
they can make the better food choices that are necessary to increase demand. Enhancing transparency
is an essential element in achieving this goal. Without transparent (and preferably immutable) proof,
sustainability claims run the risk of becoming hollow marketing phrases instead of useful information
that all the actors in the value chain (producers, sellers, consumers) can use to make choices that align

with their values.

TITAN intends to leverage transparency and digital innovations in the food sector to pursue this
paradigm shift: transforming the food system into a demand-driven economy that provides consumers
with healthy and sustainable food. To achieve this goal, TITAN will provide a broad platform for the
development of pre-identified technologies and pilots that will be selected during the project through
an open call for proposals, also by facilitating the involvement of primary and secondary stakeholders
in this process, analysing current policy to set up a set of recommendations and finally setting up an

inventory to identify current digital innovations and future challenges.

As one of the work packages of TITAN, WP3 — Digital technologies aims to create an inventory of
technologies and validated approaches to overcome cross-cutting challenges for transparency. This
deliverable contributes to the aims of WP3 by providing a broad set of perspectives on transparency
context as well as varying requirements and challenges to create transparency. For the future

deliverables of WP3, this report will set the foundation.
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Objectives of the document

This document provides insights into the requirements and cross-cutting challenges for creating
transparency in food systems with digital technologies. The report will contain BPMN (Business
Process Model and Notation) models of the TITAN pilot case studies, including the interactions
between the stakeholders within the data flow, as well as an extensive description of context-
dependent requirements and cross-cutting challenges in these supply chains. The report also provides
insight into the reality of European food systems with external interviews with various actors from

different food supply chains.

Associated Tasks

This deliverable is the first deliverable of WP3 Digital Technologies. With the purpose of exploring and
defining the context, this deliverable is related to Task 3.1: Requirements on digital technologies and
methodologies for creating transparency in the food supply chain and associated cross-cutting

technological challenges.

How to read this document

This document represents the research findings of initial focus groups, semi-structured interviews and
case studies conducted to provide insight into the initial phase of WP3. As it provides a baseline for
the following deliverables of the framework of WP3, it can be read with D3.4 — The first version of the
approach for overcoming cross-cutting challenges that will be released on M24, D3.5 — Validation of
the semantic framework by pilots that will be released on M36 and D3.6 — Approaches for overcoming

cross-cutting challenges that will be delivered on M48.
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1. Background Information

The food industry is one of the most complex and globalised industries, with multiple layers of
production and distribution networks. Along their journey in these networks, food products are
vulnerable to several risks, such as contamination, adulteration/food fraud, and involvement of
unethical practices for the people and the planet. In many cases, these vulnerabilities are beyond the
area of action of individual food companies, which makes it challenging to identify incidents and give
a timely response, causing disruptions in the food systems. Over the past few decades, there has been
a growing concern for these risks among the public and governments, leading to new legislation to
enhance transparency in food systems by obliging better tracking, recording, and communication of

food production and distribution within their complex supply networks.

There are various definitions of transparency in food systems. With its most generic definition,
transparency is about providing useful insights for a certain stakeholder. Beulens takes the point of a
supply chain network and defines transparency as “the extent to which all the network’s stakeholders
have a shared understanding of, and access to, product and process-related information that they
request, without loss, noise, delay and distortion” (Beulens et al., 2005, p. 482). According to Searcy
and colleagues, transparency involves the open communication of information from suppliers to
customers regarding activities, practices, and impacts along the entire supply chain (Searcy et al.,
2022). However, while full transparency is often considered impossible (Fung et al., 2007), it might not
be necessary or desirable. In order to create the desired level of transparency, "it is vital to open the
right type of information, in the right way, and to the right audience” (Matheus et al., 2021, p. 9). The
right type of information also refers to the right information quality. Also, the right moment is
relevant, as providing information too late might not be useful. Therefore, “context and meaning are
crucial when considering definitions of transparency and the degree, quality, and nature of disclosure

of information to supply chain stakeholders” (Manning, 2018, p. 180).

Transparency in food systems is essential for several reasons. Above all, transparency plays a crucial
role in maintaining compliance with regulations and standards. By having transparent supply chains,
organisations can track and monitor food safety practices at every step of production and distribution,
reducing the risk of contamination or mislabelling and enabling fast identification and localisation of
necessary food recalls. This way, it can promote trust and confidence among consumers as they
become increasingly concerned about the safety, quality, health, and sustainability of their food. They
want to know where their food comes from, how it is produced, and whether ethical guidelines and
sustainable practices are followed. They are also interested in the provenance and authenticity of their

food and whether it meets certain quality or cultural standards. All these play a role in consumers’
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buying decisions, creating a business case for transparent supply chains. Food companies can
differentiate themselves in the market by enhancing information exchange and transparency beyond
regulatory compliance and creating added value for their consumers. Additionally, by integrating ICT
systems in their operations for transparency, companies can enhance communication and collaborate
better with the other actors in their supply chain, resulting in process optimisation and market
efficiency. ICT technologies can make the supply chains more accurate, allowing food companies to
make better strategic decisions on decreasing food waste and costs and finding alternative solutions

to use their by-products.

While tracing and monitoring food supply chains can be a daunting task, emerging technologies have
shown promise in improving transparency. In the past few decades, there has been a blossoming of
ICT technologies emerged in the food sector. A non-exhaustive overview of these technologies is listed

in Table 1 for summarising existing ICT solutions.

Table 1. Overview of ICT Technologies for Transparency in Food Supply Chains

Blockchain Blockchain technology is a distributed database mechanism (a ledger) that
enables secure and transparent record-keeping of transactions and data. In
the food industry, blockchain can create an immutable and decentralised
ledger, allowing stakeholders to track and verify food products' origin, quality,
and movement. It helps identify potential issues, such as contamination or
fraud and improves traceability throughout the supply chain.

Smart Contracts Smart contracts are self-executing digital contracts that automatically enforce
predefined terms and conditions. They are based on blockchain technology and
can be utilised to streamline and automate contractual agreements within the
food supply chain. Smart contracts can facilitate transparency by ensuring that
all parties involved adhere to agreed-upon terms, automating payment
settlements, and recording transactional data tamper-proof.

Internet of loT devices, such as sensors, cameras and RFID tags, can be deployed at various

Things (loT) points in the supply chain to gather real-time data. These devices monitor and
transmit information about temperature, humidity, location, and other
relevant parameters. loT technology allows stakeholders to track and monitor
food products' conditions and ensure quality and safety standards compliance.

Food Digital traceability systems utilise various technologies, including barcodes, QR
Traceability codes, RFID and NFC tags, and unique identifiers, to track and trace food
Systems products from farm to fork. By scanning these codes or identifiers, supply chain

actors, consumers, retailers, and regulators can access detailed information
about the product's journey, including its origin, processing, transportation,
and storage conditions.
Nanotechnology Nanotechnology offers opportunities for innovative packaging solutions that
for Packaging  can improve food safety, shelf life, and traceability. Nanosensors embedded in
packaging materials can monitor factors like temperature, moisture, and gas
levels, providing real-time information about the product's condition.
Additionally, nanomaterials can be used for tamper-evident packaging,
preventing product tampering and ensuring transparency.

D3.1 — Requirements and cross-cutting challenges for transparency Page 9 of 47



Data Analytics
and Al

Cloud
Computing

Mobile
Applications

Digital
Marketplaces
and Platforms

Robotics and
Automation

DNA-based
Traceability

Augmented
Reality (AR) and
Virtual Reality
(VR)

Remote Sensing
and Satellite
Imagery

Digital Twins

D3.1 — Requirements and cross-cutting challenges for transparency

TITAN

Advanced data analytics and Al techniques are used to process and analyse the
vast amount of data generated by digital technologies in the food supply chain.
By leveraging Artificial Intelligence (Al), machine learning and predictive
analytics algorithms, stakeholders can gain insights into patterns, trends, and
potential risks within the supply chain. This data-driven approach helps identify
areas for improvement, optimise operations, facilitate strategic decisions, and
mitigate risks.

Cloud-based platforms provide a centralised and scalable infrastructure for
storing and sharing data across the supply chain. Cloud computing enables real-
time collaboration, data integration, and information exchange between
different stakeholders, facilitating transparency and visibility. It also allows for
secure data storage, backup, and easy accessibility from multiple locations.
Mobile apps are used by various stakeholders, including farmers, suppliers,
distributors, retailers, and consumers, to access relevant information about
food products. These apps can provide details about product origin,
certifications, nutritional information, and even real-time recalls or safety alert
updates. They can also assist supply chain actors in predicting and anticipating
situations relevant to their operations. Mobile applications empower actors to
make informed choices and promote transparency in the supply chain.

Online marketplaces and platforms specifically designed for connecting
producers, suppliers, and consumers in the food supply chain can enhance
transparency. These platforms enable direct communication, facilitate
transparent transactions, and provide information about product origins,
certifications, and production practices. Examples include farm-to-table
platforms and online farmer's markets.

Robotics and automation technologies are being increasingly utilised in various
stages of the food supply chain. Robots can be employed in tasks like
harvesting, sorting, and packaging, improving efficiency and reducing human
error. Automated systems can enhance transparency by accurately recording
and reporting data, reducing manual intervention, and ensuring consistent
quality control.

DNA-based traceability involves using DNA markers or genetic codes to
authenticate and trace food products. This technology allows for accurately
identifying species, geographical origin, and other relevant information. By
integrating DNA-based markers into digital traceability systems, stakeholders
can enhance transparency and combat issues like food fraud and mislabelling.
AR and VR technologies offer immersive experiences that can be utilised in
training, inspections, and audits within the food supply chain. For example,
stakeholders can use AR applications to visualise and overlay food product
information, such as ingredients, sourcing, or nutritional details. VR can
simulate realistic environments for training, allowing workers to practice
scenarios and improve their skills.

Remote sensing technologies, including satellite imagery and aerial drones, can
provide valuable insights into crop conditions, land use, and environmental
factors affecting food production. By analysing this data, stakeholders can
better understand supply chain risks, assess the impact of climate conditions,
and make informed decisions about sourcing, production planning, and
resource allocation.

Digital twin technology involves creating a virtual replica of physical assets or
processes. In food supply chains, digital twins can provide a digital
representation of the entire supply chain network. This enables stakeholders
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to simulate and optimise operations, predict outcomes, and identify potential
bottlenecks or vulnerabilities, thereby improving transparency and efficiency.
Autonomous Autonomous vehicles and drones are being explored for last-mile delivery in
Delivery the food supply chain. These vehicles can be equipped with tracking and
Systems geolocation technologies to provide real-time visibility into the delivery
process. By leveraging autonomous delivery systems, stakeholders can
enhance transparency by monitoring the movement of goods, ensuring on-

time deliveries, and optimising logistics operations.

There are many existing technologies that would provide solutions to the contemporary problems of
the food supply chain actors. Although ICT technologies have a high potential to enable and support
information exchange and transparency, it is not possible for them to guarantee the transparency that
is wished for alone. In many supply chains, a considerable amount of data is collected and stored,;
however, the analysis and communication of this data is a different topic. Here, the data collection
needs to be targeted, and strategies should be implemented to make the best of the data collected.
From a systemic point of view, this data should also be transferred through the whole food systems,
highlighting the importance of technology-enabling solutions, like APls and standardised ontologies
and semantic models. Without integrating such solutions into these ICT technologies, it is not realistic
to expect digital transparency created by individual actors to trigger a systemic change. Building a
trusted information exchange and transparency system also requires building supporting
organisational arrangements. Additionally, utilising the benefits of ICT technologies depends on being
aware of the context and requirements for using digital technologies for transparency. Only in this
way food supply chain actors can make informed and targeted decisions for their ICT investments

concerning their transparency context.

1.1. Context-Dependent Requirements and Cross-Cutting Challenges

Regarding the transparency of food systems, requirements refer to the specific criteria, standards, or
conditions that must be met or followed to ensure transparency throughout the entire supply chain.
These requirements are essentially a set of rules or guidelines that individuals, organisations, and
businesses involved in the food supply chains must adhere to achieve and maintain transparency.
These requirements include compliance with regulatory mandates, industry standards, best practices,
and voluntary commitments. They encompass various aspects of supply chain management, data
sharing, documentation, and communication practices. In essence, requirements serve as a
framework or set of expectations that guide the actions and processes necessary to establish

transparency in the food systems.
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According to the definition provided in the previous section, transparency refers to the degree of
shared understanding and access to information, whereas “the degree” is defined by the context. In
practice, special characteristics of food products and processes create different implications for the
food supply chain actors regarding their data collection, use, storage, and communication structures.
Additionally, major differences exist between food supply chains in relation to the scope and
sophistication of transparency systems they have. How the stakeholders are positioned in the supply
chain also affects the context regarding their operations. All these situations set different
requirements for different supply chains, different actors, and the type of transparency that is aimed
to be achieved, which are “context-dependent” (van Engelenburg et al., 2018). Examples of

transparency requirements include:

- Regulatory compliance

- Traceability

- Documentation and record-keeping

- Supplier verification

- Food safety management

- Crisis management and recall procedures
- Third-party audits and certifications

- Technology and data systems

- Public disclosure

- Ethical sourcing

- Environmental impact and sustainability
- Data security and privacy

- Supply chain collaboration

There is a sizable overlap between transparency requirements and requirements for digital
transparency. This is mainly due to regulations obliging traceability systems that require technology
adoptions, consumer expectations, and the trends in the market (digitalisation, globalisation,
optimum efficiency, collaboration within complex networks, etc.). In this regard, integration of the ICT
technologies listed in the previous list is among the main transparency requirements, and some
requirements for digital transparency constitute some of the transparency requirements. Some

examples of digital transparency requirements can be listed:

- Data collection and integration
- Traceability

- Transparency platforms
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- Data analytics

- Security and privacy

- Collaboration and communication
- Scalability and accessibility

- Continuous improvement

The cross-cutting challenges for creating transparency in food systems result in relevant requirements.
Cross-cutting challenges refer to issues and obstacles that affect various aspects of the food supply
chain system, from production and processing to distribution and consumption. Some of the most

common challenges for creating transparency in food supply chains are:

Data sharing and integration
- Supply chain complexity

- Fragmented information

- Globalisation

- Lack of standardisation

- Technology adoption

- Trust and verification

- Confidentiality concerns

- Trust and collaboration

- Cost and resource constraints
- Legal and regulatory challenges
- Consumer education

- Cultural and social factors

- Resistance to change

Similar to the situation with the requirements, there is an overlap between the challenges to creating
transparency and the challenges to creating transparency through digital technologies due to the
spread of technology use in the sector for data collection and sharing. Depending on the context, these
challenges can span various aspects of technology adoption, data management, and stakeholder
collaboration. Here are some key cross-cutting challenges for creating transparency in food systems

with digital technologies:

- Data standardisation
- Interoperability
- Data security

- Cost of technology adoption
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- Access to technology

- Digital literacy

- Data accuracy and integrity

- Integration with legacy systems
- Scalability

- Ownership and control of data
- Reliability and connectivity

- Change management

- Datasilos

- Cross-sector collaboration

- Data sharing across borders

- Cybersecurity risks
2. Research Methodology

This chapter outlines the research methodology employed in the research project, which aims to
investigate the concept of transparency in food supply chains in different contexts and the
requirements and challenges for its realisation. The main goal is to provide an explorative view that
would develop the base for the following tasks and deliverables of WP3. For this reason, this study
utilises a mixed-methods approach, combining case studies, focus groups, and interviews to gather
data to understand the phenomenon under investigation comprehensively. The rationale for selecting
these methods is discussed, followed by a detailed description of each data collection method,

including participant selection, data collection procedures, and data analysis techniques.

2.1. Case Studies

Case studies were chosen to provide an in-depth exploration of specific instances or cases relevant to
the research objective. The case study method allows for an in-depth analysis of the unique
circumstances, context, and factors influencing the phenomenon (Yin, 2009). The cases were selected
to represent a range of perspectives and experiences related to the research question. In this regard,
we selected cases from the pilots of the TITAN project that focus on innovative technologies for digital
transparency. This way, we were able to gain insights into how different ICT technologies are adopted
in different food supply chains, including both technology provider and their customers’ perspectives.
The case study data was collected through online semi-structured interviews (Microsoft Teams) with
six pilots. The interviews were recorded with an automated transcription generation function. Data

from the case studies were analysed using thematic analysis, where emerging themes and patterns
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were identified and coded. The results were communicated via plain text. In addition, Business Process
Modelling and Notation (BPMN) modelling was used for each case to visualise the data flow in each
of the food supply chains, resulting in transparency. BPMN models are considered a global standard
to visualise business processes with the representation of the actors, their choices, and the flow of
the processes. In this research, BPMN models do not try to comake a complete picture but primarily
focus on what aspects result in transparency. For this, the focus was kept on data sharing and storage-
related activities. Confirmation with data from focus groups further validated the findings and ensured

robustness in the analysis.

2.2. Focus Groups

Focus groups are beneficial to initiate conversations between different stakeholders regarding their
individual experiences. In comparison to case studies, focus groups add another layer of discovery for
generating qualitative data through interactions, as the likelihood of missing some information
decreases when one of the participants mentions a new concept that sparks a discussion. In relation
to the case studies, a focus group were organised with the pilots selected for the case studies to gather
collective perspectives and insights from participants within a group context. This method allowed for
the exploration of shared experiences, differences in opinions, and group dynamics related to the
research topic. The focus groups were organised in the form of online meetings (Microsoft Teams)

where audio recordings and detailed notes were taken during sessions.

2.3. Interviews

As the pilots selected for the case study research are SMEs that provide the latest ICT technologies to
their customers to enhance transparency, they were not representative of the sector reality
throughout the EU. In order to gain additional insight into the topic, seven semi-structured interviews
were arranged with external participants who operate in different food supply chains in different
countries in the EU. The interviews allowed for a more personalised exploration of the phenomenon
and the opportunity to follow up on specific points of interest. They also gave us the opportunity to
explore the current situation of transparency in the food supply chains beyond the scope of our
project. Similar to the interviews conducted for the case studies, the data collection was carried out
through online semi-structured interviews (Microsoft Teams). The meetings were recorded with an
automated transcription generation function. Data from the interviews were analysed using thematic

analysis, where emerging themes and patterns were identified and coded.
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3. Ethical Considerations

The data collection for this research is based on signed informed consent forms which specify the
objectives of the research, involved risks and benefits, the rights relating to voluntary participation,
confidentiality of personal identifiable information, and data ownership, as well as the use and the
management of the data collected. The specifications included in the informed consent form is
approved by the ethical committee of Delft University of Technology. In relation, the interviewee
names are kept anonymous while the companies they work for are explicitly mentioned in the report.
This approach is considered logical by our team regarding the internal pilots of the TITAN project, as
they are listed on the project website explicitly. For the internal interviews, we received confirmation
from the organisations involved regarding the mentioning of their organisation names. We see the
additional benefit of mentioning organisation names for providing more concrete and relatable
examples, and by doing so, we also recognise their efforts for creating transparency and their
voluntary contribution to this research. In addition, we do not foresee any risks for these organisations

due to the mentioning of their organisation names.

4. Limitations

There are some limitations to this research regarding data collection and analysis, which need to be
taken into consideration while reading through the results section. First, the pilots of the TITAN project
that are selected for case studies do not focus on a specific type of supply chain and, therefore, do not
provide sector-specific insights. In order to tackle this limitation and broaden the scope of our
research, some of the interviews we had were with experts from different sectors (meat, dairy, and
olive oil) and from different types of products (standard, organic, traditional, specialty, etc.).
Additionally, the perspectives of different stakeholders in food supply chains were covered in our
research, such as producers, processors, associations, certifiers, consumers, and public authorities.
Having some interviewees positioned between various stakeholders was beneficial to gathering
multiple perspectives, even though the insights they provided are connected to their own filters. This
poses another limitation for the study, yet we believe that it is still valuable to consider these insights
and collect additional data from more stakeholders for future reports. In this context, the research is
missing the retailer perspective, as it was difficult to reach them. However, retailers play a key role in
the transition of food supply chains and are mentioned by other stakeholders in the interviews several
times. Therefore, we aim to include the retailer perspective in future reports with additional

interviews.
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The focus groups were organised with the TITAN pilots to enhance the insight generated by cases. Due
to the difficulties with selecting a suitable time slot for all six pilots, one focus group was organised
with the participation of four pilots. In addition, iterative meetings were arranged with each pilot to
improve the BPMN models. Through their interactions, the pilots were able to better pinpoint their
similarities and differences regarding the requirements and challenges for transparency in their
context. These findings are covered in Sections 5 and 7, without a dedicated section to focus group
findings. For the results regarding the requirements and challenges, we covered the answers
mentioned by the interviewees, either explicitly or implicitly. However, this does not exclude the
possibility for other requirements and challenges to affect the participating organisations. In relation,
it is likely that some examples were not mentioned by the interviewees either because they are
forgotten at the moment or are the default for the organisations’ operations as obligatory measures
(such as traceability, data sharing and safety, risk management, etc.) that did not receive specific
mention during the interviews. Therefore, it is important to note that our findings do not constitute
an exhaustive report on the organisations’ transparency context but rather provide a sample view of

some requirements and cross-cutting challenges related to transparency.

5. Overview

Pilots of TITAN selected for the case studies and focus groups:

1) Agri Marketplace
2) Agricolus

3) TotalCTRL

4) Quality Chain

5) Open Food Chain
6) Agroknow

More information on these organisations regarding their operations and transparency context is
provided in the results section. In order such details are not included in this section to avoid repetition

and enhance readability.

Table 2. List of external interviews

Du Bist Hier der Chef Consumer community initiative

Cross-Border Research Research association focusing on supply chain security and the
Association movement of goods across borders

Clitravi European Meat Industry Association
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European Shippers Non-profit European organisation representing national shippers’
Council associations

ASSICA Association for Cured Meat Producers in ltaly

Corfilac Consortium of research mainly in the dairy sector and certifier
FederBio Federation of organisations from organic and biodynamic agriculture

6. Results from Case Studies

Among the internal pilot SMEs of TITAN, we identified the ones focusing on innovative technologies
for creating digital transparency. We aimed to gain a broad perspective on the requirements of using
different technologies for transparency, so we selected the pilots that integrated different ICT
technologies. We used the BPMN to model the data collection and sharing structures of these pilots

to explore their specific context.

6.1.  Agri Marketplace Case

Agri Marketplace was founded in 2016 as a cloud-based, free-access digital platform to directly link
farmers with the global food markets. It serves as a B2B digital marketplace for Special Agricultural
Products (SAP)! where sellers create offers by providing information on the characteristics and details
of their products and setting the quantities and prices or reacting to an existing bid set by a buyer.
Similarly, buyers of the agrifood industry can either create their own bids by specifying the quantity,
characteristics, and price for the specific products they are interested in, or they can start the
purchasing process of already existing offers given by the sellers on the platform. After submitting the
offers, Agri Marketplace starts the verification process of the users with its Know Your Customer (KYC)
policy, where the users' identity and origin of finance are investigated. Once the users are verified,
Agri Marketplace analyses the proposals and initiates the transaction process. The identity of users
stays anonymous from one another until a match is created. Once there is a match and both parties
agree to do business with each other, Agri Marketplace reveals their identity to each other as the last

step before signing the contract.

Agri Marketplace aims to enable direct trade and commerce between buyers and sellers while
providing reliable market information regarding the price levels of Special Agricultural Products (SAP).

It does so by making the price levels of occurring transactions on the platform visible to all of its users.

1 “Special Agricultural Products (SAPs) are agricultural products with unique qualities and special

characteristics associated with geographical locations, farming practices and cultural heritages” (FAO, n.d.).
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Based on the parties' preferences, Agri Marketplace provides various services in cooperation with its
specialised partnership network. These services include the facilitation of sales networking, sampling
management, managing negotiations, insurance and sales contract agreements, logistics and

transportation, quality inspections, and secure payments.
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Figure 1: BPMN model of Agri Marketplace for the logic of creating transparency

As seen in the BPMN model of Agri Marketplace, data is collected and shared in many steps of the
supply chain with the involvement of various stakeholders. Between the users of the platform (buyers
and sellers) and Agri Marketplace’s exclusive business partners, Agri Marketplace plays a key role in
managing this data flow and its storage. Additionally, the model clearly demonstrates one of the main
transparency aims of the company. This aim of transparency is to provide the users access to real-time
product and price information. This can be compared to information provided by a stock market. This

type of transparency should empower users to select better and buy at a more competitive price.

Many producers of SAPs put a lot of extra effort and investment into producing high-quality products
to sell at price premium levels, yet this is not always the case. Often, there are other alternatives on
the market that claim the same products with lower prices, and even though no proof is provided for

such claims, it pulls the prices down for SAPs. Additionally, there is pressure on farmers from
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middlemen to cut down their prices to be eligible to sell their products. While some farmers manage
to keep the quality and price of their products, this situation pushes some farmers to lower the quality.
In relation, there are many sellers mixing high-quality products with lower-quality ones to increase
their profit margin over high price levels for special products. This is when Agri Marketplace comes
into play and provides a platform for SAP producers to keep the quality of their products without
compromising their earnings. In parallel, it provides assurance to the buyers of SAPs (who are willing
to pay the premium price) about the quality of the product they receive. However, even though sellers
have the freedom to decide their own price levels, it can get complicated for sellers to position their
offer with regard to price/quality parameters and ways to communicate it to buyers. Access to other

sellers’ offers on the platform is often a decisive factor in setting the price for their own products.

In the case of Agri Marketplace, the strategy is to provide more information to sellers and buyers so
that they are able to make more informed decisions. Here, transparency is created among various
users as the real-time price information is shared on the platform, which provides free access to
anyone interested. Therefore, the main purpose of transparency created is to bring more fairness and
sustainability to global food supply chains and protect the authenticity and market value of SAPs.
Providing quality inspections during loading and unloading, in addition to free sampling, plays an
important role in creating this transparency and building trust between the actors. However, the KYC
feature of the platform puts distance between the buyer and the seller and slows down the creation
of trust between the users of the platform, as their identity stays anonymous until they reach an
agreement. For this reason, Agri Marketplace is planning to remove this feature and instead let the

platform rely on a rating system (users are able to rate each other after the transaction is complete).

Depending on the needs of sellers and buyers, the information flow regarding the products may
include Agri Marketplace’s specialised partnership network, which consists of SGS for quality
certification, Orey Shipping for logistics and transportation, CCA law firm for legal services, and
Mangopay for secure payments. In the case of the involvement of these partners, a clear structure for
data ownership is needed, and it needs to be communicated to the users of the platform openly. In
this regard, both sellers and buyers would know which data is collected, where it is stored, who has

access to it, and who can use it.

6.2.  Agricolus Case

Agricolus is an agri-tech platform designed for farmers and other actors (such as food processors,
distributors, professionals, associations, etc.) to simplify and enhance their operations. The platform
is free for small farms under 10 ha, and several subscription packages are available for different crops

and needs. In its essence, the platform serves its users as a Decision Support System (DSS) to enable
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them to make informed decisions and can be used through the website or the app for the following

technologies:

- Field mapping (geolocating farm data with GIS systems)

- Satellite imagery (monitoring crops remotely with temporal and spatial resolution to create
historical and comparative data)

- Forecast models (on weather conditions and crop characteristics for decisions in
phytosanitary protection, irrigation management, and fertilisation)

- Sensors (installed on the field or machinery used for the collection of weather data,
information about traps and harmful insect catches, and traceability data of operations
carried out in the field)

- Precision farming (measuring of field data, analysis of measured variables, and prescription

with machine learning algorithms)

The main goal of the platform is to enhance economic and environmental sustainability by increasing
yield and quality and reducing the use of input (such as pesticides, fertilisers, and water) and
greenhouse gas emissions. The platform makes this possible by helping farmers to get more
information about their farm operations. In addition, by enabling the collective use of the platform by
associations and consortiums, Agricolus provides effective communication and collaboration within
these groups. Similarly, other actors such as agricultural professionals, food processors, and
distributors can also connect the Agricolus accounts of the farmers they work with and increase the

efficiency of their operations.
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Figure 2: BPMN model of Agricolus for the logic of creating transparency

The BPMN model of Agricolus demonstrates how different stakeholders share data with each other
and the role Agricolus plays in these interactions. Apart from providing customised solutions that are
suitable for the different transparency needs of the users (especially regarding data collection), the
model shows the additional data provided by Agricolus to its users (such as satellite data) as well as
its key role in creating meaningful information from the data collected. In addition, the model clarifies
how collaboration takes place in the context of transparency. Here, we can see that the collaboration
is more structured and organised with the involvement of Agricolus, in comparison to a situation

where each actor shares data with each other dually to collaborate.

In the case of Agricolus, transparency is created in different ways by different actors for various
reasons. From the farmers’ perspective, keeping up with their day-to-day farm activities is highly time
and energy-consuming. Even though they have a comprehensive knowledge of their crops and soil,
unexpected challenges arise frequently due to internal or external factors. Therefore, reaching the
relevant information promptly and conveniently would make a significant difference in farmers’
success in crop management. Here, transparency is created through data collection and archiving to
generate historical data to assist farmers in their future decisions. The data is collected via the sensors
on the field and machinery, which is then combined with the data logged in by the farmers and the
satellite data provided by Agricolus. The archived farm data remains confidential in the cloud storage

of Agricolus, and it can only be accessed by the farmers who provided their data.
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As the considerable amount of transparency created depends on the willingness, collaboration, and
investment of the farmers, some requirements need to be met for farmers to get on board. The main
requirement here is to see the added value of using this technology for their farm operations and
having the means for such an investment. However, even though they are able to make the
investment, they sometimes show resistance to changing their way of working as most of them took
over the profession from the previous generation and have been a farmer for a long time, which makes
it difficult for them to move away from some traditional practices. In this regard, having a few
frontrunner farmers who are willing to take the lead to digitalise their farm operations was considered

important by Agricolus as one of the requirements.

In addition to creating transparency to increase the efficiency of the farm operations for the farmers,
Agricolus also enables transparency between farmers and other actors they work/collaborate with —
food processors, distributors, agro economists, agricultural engineers, associations, and consortiums.
Here, transparency created has different purposes: Enabling food processors and distributors to get
better access to farm practices to ensure quality and compliance with certification requirements,
enabling agro economists and agricultural engineers to have a better understanding of farm needs for
an effective strategy, and enabling associations and consortiums manage their farmer's network
better. These actors play an important role in meeting the previously mentioned requirements related
to farmers as they have the capacity to convince/provide the farmers for digitalising their operations.
One example comes from consortiums which purchase this service to give free access to the farmers

in their network and assist them through the transition process.

6.3. TotalCTRL Case

TotalCTRL is an inventory management software for restaurants, hotels, kindergartens, and nursing
homes to integrate into their system. The software is available for desktop and mobile app use, and it
enables its users to digitalise their manual tasks, save time, reduce food waste and CO; footprint, and

improve efficiency and profitability. TotalCTRL serves its users with four main categories:

- Inventory: Users can record the products they have in their storage into the platform, and the
system creates a real-time overview of the remaining products together with their worth and
expiration dates.

- Orders: Users can record the orders they made to the platform to follow the expected
products with their delivery dates. Once the delivery is realised, the users can upload all their
receipts to the system to automatically update the product count.

- Analysis: The platform provides analysis on the check-in and check-out value of the products

as well as monthly metrics like Cost of Goods Sold (COGS) and Food Cost Percentage. The users
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can also have insights on food suppliers having frequent delivery issues, products having price
fluctuation and the main reasons behind food waste with the specific products or categories
affected.

- Reports: Users can receive an auto-generated report for their monthly stock to easily share
with their accountant. Additionally, the platform provides weekly reports on soon-to-expire

food items as a warning mechanism.

TotalCTRL
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Figure 3: BPMN model of TotalCTRL for the logic of creating transparency

The BPMN model for the case of TotalCTRL shows how transparency can be created in an organisation
internally from a managerial point of view. Here, the focus is on making informed decisions about the
business processes, and we can see from the model how data collection and storage can be integrated

into these steps for this purpose.

In the case of TotalCTRL, the users of the app can have better control over their inventory as they can
have a real-time record of what goes in and out. Once they use the app over a few months, they can
also benefit from monthly reports, in which they can have an overview of the statistics about their
purchases filtered by specific products or time periods. Here, transparency is mostly created internally

for the users themselves, including the transparency within the team, and its main benefit is enhancing
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the efficiency and sustainability of the operations. Although the customers really see value in the
inventory count function of the app as it is way faster and more convenient than using pen and paper,
they still need to count themselves and enter the data into the app manually. Updating the amount
of the products in the inventory as they are used is also done manually, which creates the possibility
of user error. For this reason, TotalCTRL is preparing to integrate RFID tags into its operations and

bring more automatisation to the process to provide a faster inventory count with lower risk.

In addition to enhancing the efficiency and sustainability of buyers, the transparency created with the
TotalCTRL app also enables its users to take more preventive measures against food safety issues.
Normally, when there is a food safety problem with a supplier, they send a mass email to all of their
buyers and then the buyers need to control the products they purchase. This costs buyers a lot of time
if they keep their inventory on paper (which is often the current situation) as they need to figure out
which batch could have the problem. Additionally, they might waste unnecessary food to ensure they
take the food safety measures on time for their customers, and they also might not be able to return
the batch if they cannot act on time. With TotalCTRL, the buyers can know which batch is delivered to
them at which exact time, and this enables them to trace it back easily to return the batch to their
supplier. This way, they save time and money but also have more measures against potential food

safety issues.

As one of the challenges, the users of the app complain about how it can get confusing and take a long
time to integrate the software into their operations, even though TotalCTRL provides support with the
onboarding process. This is mostly based on the behavioural patterns of the users, such as having low
confidence in using technology or not being able to manage expectations, such as expecting to see
instant change without putting too much time and effort. This situation affects their satisfaction with
the app as well as their motivation to further digitalise their operations. Additionally, it might prevent
them from utilising the app to its full potential as they do not discover all the features. Creating a
network of users and providing them with a platform in which they can share experiences and learn

from each other could be a solution to overcome this challenge and further spread awareness.

6.4. Quality Chain Case

Founded in 2019, Quality Chain provides QR codes for various products to enable producers to
communicate the story of their products to consumers. The customer profile of the Quality Chain
mostly consists of SMEs in Europe that are working towards high-quality production. Scanning the QR
code directs consumers to the product webpage, where they can learn about the product's origin, the
producer's mission and values, and the steps in the production process. For product information, users

can also upload videos, certifications, nutritional values, and ingredients. Depending on the
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subscription package, Quality Chain also provides blockchain notarisation for producers who want to
create more trust regarding their production methods and each supply chain step. This way,
consumers can also view the smart contract. Additionally, Quality Chain is currently working on

developing a traceability solution in the context of TITAN to carry their transparency efforts further.
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Figure 4: BPMN model of Quality Chain for the logic of creating transparency

The BPMN model of Quality Chain aims to demonstrate how communicating product information
relates to the business process of companies. Even though the type of data collected may vary for
different companies, the steps they follow with Quality Chain are simple. Visualising these steps in a
simple way is important to look into the transparency created by the technology that is often

considered complicated.
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For the case of the Quality Chain, the main goal of the transparency created is for
commercial/marketing purposes in which producers can communicate the extra effort they have been
putting in to create high-quality and/or more sustainable products. Apart from creating trust through
increased transparency, this communication channel enables the producers to justify the higher prices
of their products in cases where they have more expensive high-quality raw materials to be processed
or where they face additional costs to obtain certain certifications. By storing the data on the
blockchain, the producers also give a message to their customers about having nothing to hide in case

of a retrospective inspection, as they are not able to delete or change any data.

Quality Chain uses public blockchains currently available on the market for their operations. In this
regard, the cost of transactions is a decisive factor in their choice of blockchain, as the price of their
subscription packages increases with the transaction cost. Based on the cost-effectiveness of existing
choices and customer preferences, Quality Chain is continuously looking for new technologies to
integrate into its products as it can easily make the switch. The process starts with the customer filling
out the form sent by Quality Chain about the type of information they want to share. Then, the Quality
Chain prepares the website that will be connected to the QR code and double-checks with the
customer before adding the data to the blockchain. This way of working is mainly chosen because of

the low digital literacy levels of the customers they work with.

In general, the Quality Chain provides two service types: notarisation and traceability. For
notarisation, a snapshot of the supply chain is taken to store in the blockchain, and it is less costly in
comparison. Here, additional effort is required to ensure the product claims that were put on the
blockchain match the actual product. For this, producers usually support their claims with
certifications and audit results to build trust. However, it is important to note that certifications alone
do not provide enough credibility as producers might present expired certifications or test results as
they are still valid with a few easy edits, which would be almost impossible for consumers to notice.
Therefore, combining certifications with blockchain technology would increase the chance for
transparency. For traceability, Quality Chain uses RESTful API to integrate its system into the system
of the company; therefore, if the company is already using some software to collect product/process
data internally, that data can be added to the blockchain as well. Compared to notarisation, this
service provides a more automated and credible data-sharing experience with the consumers.
However, regardless of the type of service, the data stored in the blockchain that is accessible to the
consumers does not necessarily mean that it will be also understandable. In fact, the user experience
with such data can get quite confusing depending on the digital literacy of the consumer. Therefore,
it is also up to producers to ensure communication with their consumers about the technology they

use to ensure transparency is created in a meaningful and targeted way.
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6.5. Open Food Chain Case

Open Food Chain (OFC), previously known as The New Fork, was founded in 2017 as the provider of
an open public blockchain technology to serve entire agrifood supply chains to report and manage
ESG claims. The main focus is to create trust and transparency for food products and the added claims
such as locations, quality, or certificates, which the end consumer can reach by scanning the QR code
on the packaging. The customer website created for the QR code is customisable in accordance with
different needs, and users can add new product claims. OFC also supports food supply chains for
supply chain management by reducing the paperwork, providing traceability for product location, and

enabling recall models.

The governance structure of the OFC blockchain is based on a foundation model which comprises two
governing bodies, namely the OFC Foundation, and a variety of industry-specific autonomous
foundations such as JuicyChain, CacaoChain, and SoyChain. These industry-specific foundations can
have active members and members, which differ based on their purpose of using the platform (for
marketing purposes and sharing data with supply chain partners) and their contribution to the
development costs of the foundation. For this case, we choose to have a closer look into JuicyChain
as it is the most extensive implementation of OFC with the goal of establishing a collaborative data
infrastructure that openly communicates the sustainability claims of each participant in the juice

supply chain.
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Figure 5: BPMN model of Open Food Chain for the logic of creating transparency

As another pilot case working with blockchain, the BPMN model of Open Food Chain shows which
type of data is collected at which stage of the supply chain and from which stakeholder. Here, we can
see the key role the company plays in collecting and storing the relevant data and making it publicly

accessible in a reliable and secure manner.

The JuicyChain foundation focuses on apple juice production, which affects the type of members
involved in the foundation: Currently, the members consist of processors and bottlers, and there
aren’t any farmer members as apples are not farmed, especially for juice. Therefore, the structure of
the supply chain affects the type and direction of data-sharing needs and formulations. OFC provides
blockchain technology targeted to the relevant actors in food supply chains to manage this data-

sharing process and create more transparency. Here, transparency is aimed at building trust with the
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consumers in the context of commercial value, but it also has an effect on the operations as the
processors and bottlers need to ensure that the products they receive fulfil the requirements of their
standards and certifications. In this context, JuicyChain differs from traditional methods, which involve
the assessment of the products upon arrival at the collection point. Instead, JuicyChain enables the
assessment to be conducted at the farm by adding any sort of claims relevant to the product, such as

lab results and nutritional values.

The main reason for OFC to use blockchain for JuicyChain is that it enables the system to create
immutable data. Making the data immutable increases the accountability of the actors with the
possibility of checking previous records, and this would encourage actors to record accurate data on
the ledgers; however, there is still a potential for fraud as actors can still log false claims to the system.
To address this issue, OFC uses batch matching, which enables linking the product claims among
multiple batches with unique PO identifiers that the actors know. This way, actors can observe the
batch matches precisely and see all the claims attached to the connected batch, as all the certifications
are added after batch matching. Additionally, OFC tries to use the existing systems of their customers
as much as possible by creating APl to extract data from farm management systems and ERP systems
so that the data on the blockchain are the same as the data in their system, at least. While this solution
creates more trust along the chain, it also makes their system more interoperable. Apart from the
interoperability, the OFC also stands out with its low-cost feature (no transaction costs) and enables
companies to own their own data, which also tackles the potential issues they might experience with

data privacy regarding companies’ sensitive data.

6.6. Agroknow Case

Agroknow uses Al to forecast the trends in food safety incidents with the aim of preventing food
recalls. It does so by collecting public data from food safety authorities that is available on their official
websites. The users can sign up for FOODAKAI — the food risk intelligence platform that Agroknow
developed —and indicate the food supply chains relevant to their operations. Then, the platform runs
the algorithm on the data collected from food safety authorities in accordance with the filters of the
users and provides food safety risk predictions to allow users to take preventive measures. The
platform provides graphs and reports for the food safety incidents that occurred over the years in
relation to each ingredient selected, as well as the location of these incidents. The platform also keeps
a record of the suppliers involved in these incidents, which enables the users of the platform to be

informed about their suppliers and take measures accordingly.

The platform only operates on external data, and it doesn’t collect any internal data from the user’s

operations. The main goal of the platform is to collect publicly available food safety data and transform
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it into more accessible and readable input for food supply chain actors to give them more control over

their operations as well as improve the risk management mechanisms for public health.
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Figure 6: BPMN model of Agroknow for the logic of creating transparency

The BPMN model for the case of Agroknow highlights how complex technologies can be used in simple
processes. While this brings many advantages to the users of the platform, it also visualises the key
role of the technology in creating transparency. This indicates the reduced level of user error;
however, it might also make it more dependent on the limitations of the technology (such as the

possibility of not accessing all the relevant data or potential problems with the algorithm).

Several food safety authorities in different countries collect and publish food safety incident recall
reports from the companies on their official websites. Even though this information is publicly
available, an actor operating in a global food supply chain needs to put a lot of time and effort into
accessing these reports, published in local languages on various not-so-user-friendly websites. Due to

time restrictions and/or path dependencies, many actors rely on the information they get from their
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suppliers instead of doing their own research. Additionally, it is important to note that the availability
of data does not directly create transparency, as the quality and readability of the data also come into
play. Therefore, Agroknow creates transparency by creating a collection of this data in a way that
makes sense to its users and giving the users access to the information without being dependent on

their suppliers.

In order to create transparency, Agroknow takes the text in recall reports and makes it machine
readable by using natural language processing algorithms regarding some key aspects such as the
ingredient, brand, reason for the hazard, date, supplier involved, and the origin of the hazard. For each
of these terms, there is also a relevant ontology created to ensure interoperability. Then, this data is
used for developing risk management tools in FOODAKAI through visualising. In this regard, the
platform receives considerable interest from large companies for the supplier risk assessment feature
as they can see the incidents their suppliers have been involved in time as well as inspection results
conducted by public food safety authorities. Agroknow also uses this data to produce future food

safety incident predictions about each ingredient/food supply chain by using Al forecasting algorithms.

FOODAKAI collects external public data to create reports; however, if companies want to share any
internal data, they can do so and that data would be taken into consideration for risk assessments on
the platform. Although this is a solution that Agroknow offers, it is not yet used by the customers
because companies are reluctant to share internal data, which is considered sensitive, and this has
some implications for maximising the benefits of the platform. Even though the FOODAKAI works well
with public data, most of the food supply chain data is private. In addition, this private data is
fragmented and usually is not digitised in a holistic way, even inside the food companies. Therefore,
some requirements arise for using digital technologies to create transparency, such as ensuring data
privacy and interoperability. Here, the biggest challenge for Agroknow is to find a way to work with
private data without exposing the food companies to any unforeseen consequences or liabilities and

also helping them to digitise the data they collect, which is ongoing research of Agroknow.

As part of their research, Agroknow also tried using the algorithm on the data extracted from social
media; however, they did not receive interest from their customers. The main reason for that is that
Agroknow provides solutions to large food companies for their risk management, and they need
targeted data that is validated and relevant to their operations and suppliers. However, with data
taken from social media, the roots of the incident are usually unknown unless it is a high-profile public
food safety case, making it challenging to produce commercially valuable insight with social media.

Here, the commercial aspect of the data shared affects the type of transparency created, meaning
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Agroknow can only take the liability of authoritative data from public authorities to be able to

commercialise the transparency they create.

6.7.

Overview of the Case Results

As the TITAN pilots are innovative start-ups thriving to develop new technologies, our approach to

evaluating their context puts more weight on the type of technology they use in comparison to the

review of the external interviews. This way, we aim to identify connections to technology choice and

its influence on the transparency context, which would be beneficial for our next deliverable on digital

technologies.

Table 3. Overview of the case results

n/)

Company Transparency | Technology Requirements Challenges
context used
Agri Fairtrade, Digital Technology adoption, | User awareness and
Marketplace | sustainability, | marketplace | product authentication, | engagement for
(https://agri | commercial transparent pricing, | sharing data, data
mp.com/) use, informed supplier verification, | ownership, access to
decision- third-party audits and | technology
making, certifications
participation
Agricolus Informed AgriTech Technology adoption, | Digital literacy of the
(https://ww | decision- platform data collection, data | users, user
w.agricolus.c | making, connected to | security and privacy, | engagement for using
om/) production sensors, GIS | data analytics, | the platform, path
efficiency, systems, and | documentation and | dependency,
sustainability, | satellite record keeping, | scalability and
collaboration imagery collaboration accessibility, cost and
resource constraints,
cultural and social
factors
TotalCTRL Efficiency, Inventory Technology adoption, | User engagement for
(https://total | sustainability, | management | traceability, data | using the platform,
ctrl.com/) saving time | software analytics, user error, managing
and money automatisation, expectations
documentation and
record keeping, food
safety management
Quality Commercial/m | QR code, | Technology adoption, | User engagement for
Chain arketing and | blockchain product information, | using the platform,
(https://quali | communicatio traceability, third-party | data quality, digital
tychain.ch/e | n audits and certifications | literacy, cost and

resource constraints
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Open Food | Commercial/m | QR code, | Technology adoption, | Data ownership and
Chain arketing, blockchain traceability, food safety | privacy, supply chain
(https://open | supply chain management, third- | complexity, scaling,
foodchain.co | operations, party audits and | stakeholder
m/) sustainability certifications, data | engagement, data
sharing and | privacy,
interoperability, confidentiality
collaboration concerns
Agroknow Food safety, | Risk Technology adoption, | Confidentiality
(https://agro | public health, | intelligence data collection, risk | concerns, fragmented
know.com/) | risk platform assessment and | data, cost and
management, | using Al | mitigation, resource constraints,
supply chain | forecasting documentation and | path dependency,
operations record keeping, supplier | fragmented data and
verification, data harmonisation
interoperability

The table shows that there are many forms of transparency and that the pilots focus on different
technologies and different ways of transparency. Also, the creation of transparency can have different

effects ranging from reducing risks and increased competition to trust.

7. Results from the Interviews

With the external interviews conducted with actors operating on different steps of supply chains that
are varying sectors, we got a deeper insight into different contexts of transparency, types of
information shared in the network, and challenges and requirements to create transparency in their

food supply chains. We will delve into these topics separately to create a clearer view.

7.1. Transparency Context

In the scientific literature, transparency is referred to as an ill-defined term as it incorporates varying
perspectives and relates to different needs and goals. The definitions we gathered from interviewees
confirmed the ambiguity of the concept with real-life examples. For instance, from Clitravi's (European
Meat Industry Association) perspective, transparency is about properly assessing the situation and
making informed decisions. The interviewee also highlighted the importance of providing refined
information to make sure everything is clear and not misunderstood. The organisation voluntarily
shares sector-related information with policymakers to help them understand their condition better
for upcoming legislation and regulations, highlighting the importance of collaboration between the
private sector and the government. Another association, ASSICA (for cured meat producers in Italy),
referred to transparency as creating an open communication culture by sharing the problems that

occur in the supply chain to have the possibility to find solutions.
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Different approaches to transparency were identified from other interviews. From the perspective of
a consumer initiative, Du Bist Hier der Chef defines transparency as the relationship between
consumers and brands. Here, transparency functions as a way to build up confidence in consumers by
increasing their awareness and willingness to pay more for sustainable products. The interviewee
added that this could also give trade partners in the industry the security that if they pay more to the
farmer, consumers will be supporting their approach. Similarly, FederBio (association for biological
products) considers transparency fundamental for ensuring consumers’ access to the information on
products for building awareness. They also support transparency among members for enhanced
collaboration. Another organisation that is working towards creating transparency for consumers is
Corfilac, a research consortium in the dairy sector and a certification body. They believe that
transparency is important to assure the quality of the products to final consumers, which is especially
beneficial for small producers of speciality products to improve their sales and production. The
interviewee from ASSICA also mentioned a similar benefit for small farmers: receiving certification

through transparency and gaining a competitive advantage in the market.

According to the interviewee from the Cross-Border Research Association, it is the ability to investigate
all the way to the first actor in the supply chain. In accordance, the biggest benefit of transparency is
to create trust in the chain with greater confidence and security (in relation to criminal activities). As
an addition, creating greater brand integrity and improved brand image in the eyes of consumers are
other benefits of transparency. From the interview we had with the European Shippers Council, we
explored the perspective of cargo owners regarding transparency. It is mainly focused on the financial
benefits of detecting and tackling the wrong behaviour in their supply chain as well as improving their
ability to comply with the current and upcoming legislation, which would put them in an advantageous
position in the sector and avoid financial repercussions in case of non-compliance. It is also connected
to maintaining brand value, especially for the ones who are in direct contact with the consumers. This
covers complying with legislation and being in line with ethical norms, which sometimes has more

weight than legislation.

7.2. Type of Information Shared

From our findings, we recognised that the type of information circulating in the networks of these
organisations is closely related to their approach to transparency and what they aim to achieve with
it. Due to the same reason, we also observed different degrees of organisations’ efforts regarding
information sharing as well as the scope and scale of the information they share. Some organisations,
such as the Cross-Border Research Association, invest heavily in information generation and sharing.

It is positioned as a research facilitator between governmental and supply chain stakeholders,
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communicating their research findings on supply chain and transportation security, customs and
border management, and global trade facilitation. Another organisation focusing on producing
scientific information, Corfilac, develops applied science research and communicates the information
to dairy farmers to improve their operations. They also provide scientific information to consumers

on the safety and health of the products that are certified by their organisation.

There are other organisations included in the interviews that are also functioning as facilitators
through information sharing. For instance, the European Shippers Council provides the cargo owners’
perspective to government bodies to contribute to the development of new frameworks while
informing its members about legislation through publications. Similarly, Clitravi and ASSICA collect
information from their members on their operations, problems, and best practices and communicate
them to related government institutions to represent their members’ interests. They also inform their
members about the legislation and regulations on various subjects, such as food safety, health, and
sustainability. As another association, FederBio has connections with public authorities (ltalian
ministries and EU institutions like IFOAM) and represents the interest of producers and transformers
of biological products through information sharing. As fraud cases are very damaging to the organic
market, FederBio has a direct connection to Carabinieri in the fight against food fraud, and it receives
information from them directly. In the meantime, they inform their members about the EU and
national provisions related to organic products and processes, and they share information they gather

on food fraud and market trends.

The case of Du Bist Hier der Chef differs from other interviews as they use information sharing and
transparency as a participatory tool for consumer involvement. First, they share information on the
true cost of products (product quality, according to fair pay to farmers, animal welfare, biodiversity
protection, origins of the products, production methods, etc.) and let the consumers decide on the
selling price of the products via online surveys. After the surveys, they build up value chains to produce
the products according to the survey results, and they organise audits to ensure the chain actors follow
the criteria. When the products reach the store shelves, information related to the recommended
selling price, the share of the farmers, and a clear description of the quality criteria of the products is
communicated on the packaging and their website. Furthermore, the survey and audit results are also

shared with the consumers.

7.3. Transparency Requirements

As previously described, requirements refer to specific conditions to be met or the guidelines to be

followed to create transparency. In this section, we examine what requirements relate to these
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organisations and what they consider essential to achieve transparency. This covers both general and
technology-related requirements. In order to provide a clearer overview, the interview results for each
organisation are listed individually. A general overview of these requirements, including frequently

mentioned and outstanding responses, will be discussed in the conclusion section.

Table 4. Requirements for Du Bist Hier der Chef

Technology and
data systems

Collaboration

Ethical sourcing
and transparent
pricing
Product
information

Verification and
auditing

Public
engagement and
communication

The digital solution they developed for online surveys is essential for the
organisation both for consumer reach and data collection.

As the organisation builds value chains based on the data it collects, it requires
a high-level collaboration throughout the chain.

The main transparency goal of the organisation is to ensure the products are
sourced ethically, and the price of the products reflects the actual cost of their
production regarding their social and environmental impact.

The initiative’s main purpose for creating transparency is dependent on
providing accurate and accessible product information to consumers.

The initiative adds an additional layer of transparency by providing an objective
assessment of the products and supply chain practices. Customers who
volunteer can join the audits and visit the farms themselves, taking the
transparency a step further.

As the initiative allows consumers to be involved in the process, sharing data
food
environmental and social impact, or animal welfare) promotes accountability

on relevant criteria (such as safety measures, certifications,

and enables consumers to make informed choices.

Table 5. Requirements for Cross-Border Research Association

Documentation
and record-
keeping

Regulatory
compliance

Technology and
data systems

Product
authentication

D3.1 — Requirements and cross-cutting challenges for transparency

Clear and comprehensive documentation is vital for trade actors. This includes
invoices, bills of lading, production records, quality control reports, and any
other relevant documents that provide a trail of information about the food
product's journey.

Compliance with relevant laws and regulations governing food safety,
labelling, and supply chain practices is essential for achieving transparency. In
the case of trade, the actors are required to meet the national regulations of
the home and buyer countries, as well as the standards set by international
institutions such as the EU and the World Trade Organisation.

Adopting advanced technology solutions can improve customs’ efforts to deal
with food fraud and other criminal activities involved in the transportation of
goods. There are some promising technologies, but it isimportant to make sure
the data provided matches the actual products.

Implementing measures for product authentication helps ensure transparency
and prevent counterfeiting or adulteration. This can involve technologies such
as unique identifiers, tamper-evident packaging, or anti-counterfeiting
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methods that allow consumers and supply chain participants to verify the
authenticity of food products.

Previously mentioned requirements aimed to enhance transparency for data
accuracy and integrity, as it is the key factor in customs.

Facilitating data sharing among supply chain partners is crucial for
transparency. For this, the interviewee recommends creating intelligence
fusion centres in different countries in the form of quasi-government where
real-time information is shared directly across the organisations.

According to the interviewee, it is important for food companies to show
acceptance of the fake information and products in the market and
communicate what they are doing to stop it. Here, the key takeaway is to be
more forthright and engaging and taking the public with them on the journey.

Table 6. Requirements for Clitravi

Data sharing

Documentation
accessibility

Collaboration

Training and
education

Crisis
management and
recall procedures

Collecting and sharing data is one of the key functions of the association and
how they create transparency. In this context, the interviewee highlighted the
importance of creating a transparent culture where every actor shares data.
Transparency requires that relevant documentation and information are
accessible to appropriate stakeholders. This includes sharing information with
regulatory authorities, customers, suppliers, and other relevant parties. In
addition to revealing information requested by law, the association voluntarily
makes more documents available (especially on sustainability) to enhance
their transparency further.

The association thrives on gathering information from top-performing
members and shares these best practices with other members and
policymakers to improve the sector. This is only possible if these actors are
willing to collaborate with each other.

Building a culture of transparency and improving the sector also depends on
providing training and education to all supply chain actors to be knowledgeable
about their roles, responsibilities, and the importance of transparency.

The association shares information about specific food safety incidents and
potential outbreaks with its members. If the outbreak is due to the lack of
implementation of food safety, they share their guidance on the food safety
measures and warnings. If the outbreak creates a public concern, they also
share information in order to prepare statements to reassure the consumers.

Table 7. Requirements for European Shippers Council

Regulatory
compliance

There are a lot of legislations coming in that aim at more transparency in supply
chains for green transportation, farm-to-fork, due diligence, deforestation,
forced labour and so on, and new ones are on the way. Governments
(especially the European Commission) ask their members to deliver more and
better information to see if their behaviours are in line with this.

D3.1 — Requirements and cross-cutting challenges for transparency Page 38 of 47



Documentation
and record-
keeping

Data sharing

Harmonisation of
datasets

Collaboration

Supplier
verification

Technology and
data systems

Risk assessment
and mitigation

TITAN

Clear and comprehensive documentation is vital for trade actors. This includes
invoices, bills of lading, production records, quality control reports, and any
other relevant documents that provide a trail of information about the food
product's journey.

As governments ask for more data sharing, building the right data-sharing
structures is essential for cargo owners to meet transparency expectations and
continue their operations.

Every legislation creates its own dataset that covers overlapping areas.
Harmonisation of these datasets to create a data profile of products would
increase the quality of data and provide more efficiency in data handling.
Semantics and normalisation were also mentioned in this context.

In addition to separated datasets, current information is mainly shared in a
structured way (such as reports and declarations). Creating an unstructured
“pool system” might be beneficial for the harmonisation of datasets as it would
increase accessibility and broaden the source of information.

As new legislation like Due Diligence requires more transparency throughout
the whole supply chain, it became vital for food companies to verify their
suppliers to ensure their compliance with relevant regulations, food safety
standards, and ethical practices. Verification can involve audits, certifications,
and on-site inspections.

Among all the transportation of goods, most advanced systems are used for
food supply chains, which are smart containers with sensors measuring various
elements such as temperature and humidity by tracking and tracing systems.
In the fight against food fraud and criminal activities in the food trade, ports
are becoming more and more intelligent. In addition to random checks (which
correspond to 1% of all containers in Rotterdam port, as an example), ports
rely on risk analysis based on the data collected. In this context, integrating
more advanced technologies would be beneficial.

Table 8. Requirements for FederBio

Regulatory
compliance

Verification and
auditing

Documentation

The organic sector in the EU is heavily regulated, which creates mandatory
requirements for transparency and complying with these regulations is
essential for organic producers to continue their operations in the market.
Engaging in verification and auditing processes is mandatory for organic
producers due to legislation. In addition, providing visible proof to consumers
to consumers is the main marketing strategy of organic producers.

For organic products, it is not enough to ensure the end product meets the
criteria. Organic certifications require specific production methods to be

and record- applied and external conditions to be met; therefore, it is of high importance
keeping to provide a trail of information about the food product’s journey from farm
to fork with relevant documents.
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According to FederBio, transparency is based on traceability. In relation to the
Traceability previous requirements, traceability plays a crucial role in communicating the
story of the products to the end consumers.
Data sharing is one of the main activities of the association to increase
Data sharing transparency. The data they share on legislation and food fraud is crucial for
the actors to safeguard their operations.
For the organic sector, it is important for the actors to share information with
each other and with the consumers on best practices and challenges. Here,
collaborative partnerships play an important role in promoting transparency
Collaboration . . .
and fostering trust between the actors. Creating a collaborative culture also
covers the government bodies and trade associations to support transparency
and the development of the sector.
The interviewee mentioned that the information related to organic products is
mostly managed by ministries or accreditation bodies. There is a lot of data
collection, but not all of this data is efficiently used. In its current state, there
are a lot of organisations asking for data, and farmers end up registering the
Interoperability . . . —
same data to different platforms, which decreases their motivation to share
data. Therefore, interoperability between the databases would be beneficial
to enhance transparency in the sector as well as increase the efficiency and
effectiveness of the data shared.
The interviewee pointed out the importance of investing in providing training
Training and for digital skills to the actors at every step of the supply chain. This training
education should not only be about how to use some programs but also teach people
how to work in this digital economy and help them understand the dynamics.

Table 9. Requirements for ASSICA

The members of the association are small producers, and they produce

Verification and | speciality products. In this context, it is essential for them to verify their

auditing products with certification to provide transparency and gain a competitive
advantage in return.

Italy has many rules on food safety (due to a high number of food fraud cases),
Regulatory

) so regulatory compliance is an effective requirement for the members of the
compliance

association to create transparency.
One of the main activities of the association regarding transparency is to share
legislative data with its members. In return, they expect members to share
Data sharing data about their operations and issues with the association to develop
solutions and improve their operations. Therefore, data sharing is at the centre
of the transparency efforts.
The interviewee mentioned that Italian consumers are not interested in some
Public product information (such as sustainability and health). As a result, there isn’t
engagement and much motivation for companies to go beyond the compulsory transparency
communication  requirements. In this context, the consumer demand for transparency is seen
as essential.
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One of the main goals of the association is to show that meat production and
consumption can be sustainable. In order to achieve this, there should be an
Collaboration increase in the level of awareness among consumers, producers, trade
partners, and policymakers. Increasing the collaboration among these actors
would enhance transparency, therefore, more understanding and awareness.

Table 10. Requirements for Corfilac

The main activity of the consortium is to produce scientific knowledge and
Data sharing share it with the farmers and the public. In this context, data sharing is crucial
for the transparency they create.
Corfilac is also a PDO (protected designation of origin) certification body for
Verification and | three types of speciality cheese. Therefore, verification through certification is
auditing one of the main requirements for these products to create transparency and
reach the market with the certification.
The consortium is involved with the project CowTech, which is based on
Traceability developing traceability solutions at the farm to collect data on animal
conditions and health.
Each batch of cheese is assigned a number, and they get registered with the
Continuous number on the steps they go through in the supply chain (such as the ageing
monitoring and  centre). When the random samples are taken from the cheese for auditing, the
auditing registry data of the cheese is entered into the cloud for continuous monitoring
and traceability.
In relation to their traceability efforts, the consortium is working with cloud

computing and loT on the CowTech project. In a more general sense, the
Technology and

interviewee mentioned that an automatic system that could track the farm and
data systems

alert the farmers could be beneficial as long as it is easy to set up and
economically feasible.
When trying to integrate a new digital system into a farm, it is important that
the new system interfaces with the existing solutions. When this cannot be
Interoperability . . . . .
realised, it would cause resistance in the farmers to adopt new digital
technologies to enhance transparency.
The interviewee mentioned a concern by the farmers regarding where their
Data security and data ends up and who has access to the data they share. Therefore, ensuring
privacy data security and privacy is important to convince them to create
transparency.
Currently, the registration of the product data to the cloud is handled manually

by the technicians from Corfilac. Their goal is to make farmers enter the data,
Training and

. and here, training and education are critical to providing the relevant skills to
education

farmers to achieve this task, as well as helping them understand the
importance of creating transparency with digital technologies.
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Cross-Cutting Challenges

As food supply chains are highly complex and lengthy, with various interconnections between

different stakeholders, many cross-cutting challenges can be observed that affect various aspects of

the food supply chain system. In this section, we cover both general and technology-related challenges

to create transparency in food supply chains. In order to provide a clearer overview, challenges will

be listed as general and technology-related divisions for each interview. Similar to the requirements,

a general overview of these challenges, pointing out the important repetitions and outstanding

examples, will be discussed in the conclusion section.

Table 11. Cross-cutting challenges

Du Bist
Hier der
Chef

Cross-
Border
Research
Association

Clitravi

European
Shippers
Council

General Challenges
The biggest challenge is the resistance to

change, especially from trade partners
(retailers) regarding the recommended
selling price. Another challenge is the
competition law, preventing them from
creating full transparency.

food fraud
counterfeiting issues, the main challenge

In relation to and
for cross-border trade is the traceability
of the products and verifying that the
products match the records. The scale and
complexity of global supply chains add to
this challenge. Another challenge is the
constraints on data sharing between the
nations and between public-private
entities.

Some members of the association stay
very inactive either due to
cultural/traditional factors or lack of
resources (time, staff, etc.). There is also a
collaboration challenge regarding data
sharing, as some actors in the chain are
not willing to share as much data, causing
information asymmetries.

There are many upcoming legislations
aiming at more transparency, and due to
the complexity and global character of
cross-border trades, legal and regulatory
challenges the the

organisation. As every legislation has its

are focus of
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Technology-Related Challenges
The main challenge of implementing

technologies is financial limitations.

Another challenge is finding the
relevant technology for the
consumers/users.

In relation to the general challenges,
ensuring data accuracy and integrity is
one of the main challenges. Regarding
data sharing issues, data security and
ownership challenges appear for digital
Additionally, the
interviewee mentioned that once the

transparency.
trust in a specific technology is
damaged, it is very difficult to restore it.

Regarding the data shared in the sector,
data standardisation is one of the main
challenges, leading to data loss and
misinterpretations. For the members,
data security, technology awareness,
digital
technology adoption appear to be

literacy, and the cost of
some of the other challenges.

The interviewee mentioned the cost of
adopting advanced technologies and
the difficulties in return logistics. As
different branches use different knobs,
they use different techniques, which

creates interoperability challenges.
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data and

another

data
harmonisation is

own set, sharing
challenge
mentioned. Additionally, the actors' level
of technology adoption is at different
levels.
The

sometimes,

that
consider

interviewee  mentioned
food companies
some data sensitive, even when it’s not
sensitive at all. Another challenge is that
there are a lot of public institutions
collecting data but are not communicating
with each other. There isn’'t enough
support from the government and trade
associations to create a transparent
culture. These situations create challenges
related to data sharing and integration,
trust, and collaboration. Additionally,

they experience cultural and social
factors creating confidentiality concerns

among small, family-owned companies.

One of the main challenges of the
is the
awareness of

lack of consumer
which
reduces the incentive for producers to be

association
transparency,

more transparent. Cultural and social
factors also create resistance to change in
some producers. The interviewee also
mentioned the low technology adoption
of the producers in their association as
one of the challenges.

For a colloquium researching advanced
technologies, the main challenges are
data sharing, confidentiality concerns,
technology adoption, and cultural and
social factors, as the farmers are resisting
to share information with each other.

D3.1 — Requirements and cross-cutting challenges for transparency

Due to fragmented information
collection, databases are not connected
to each other, creating data silos and
Another

challenge is that the farmers in the

interoperability challenges.

South have a lower digital literacy, and
they constitute the majority of the
The
added that even with the companies

Italian farms. interviewee also
using high technology systems in their
operations to collect data, only a few
use them to analyse data even though
that function exists. In connection to
digital literacy, it is related to the
challenge of understanding which data
to look for while implementing the
technology.

The stated that the
transparency levels of the association

interviewee

are not at the desired levels yet, and
sometimes, members are not willing to
be transparent due to data ownership
and trust concerns, leading to more
challenges

general regarding data

sharing and collaboration.

There are some advanced technologies
for farm applications, but they have

constraints  regarding their cost,
difficulty of installation to the farm, and
reliability and connectivity.

Additionally, integration with legacy
systems already existing in the farms is
considered another challenge as it
increases the costs and resistance to
change. Finding the right technology
according to the situation is another
challenge.
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8. Conclusion

As the global food supply chains are getting more complex and interconnected, achieving transparent
chains is gaining more importance to reach the Commission’s Farm to Fork targets. However, this
report demonstrates that transparency is a highly complex, ambiguous, and vague term and is open
to interpretation. For understanding transparency, it is necessary to be aware of varying contexts
around it to have sufficient understanding for the aimed systemic change. Only then would it be
possible to realise what transparency context applies to the cross-cutting challenges and which

requirements need to be met to overcome them in that specific context.

We identified various approaches to transparency from the TITAN pilot cases and external interviews.
One of the most common ones was seeing transparency as an informed decision-making tool, whether
it is in the B2B context like in the cases of Agri Marketplace, Agricolus, or Agroknow or in the B2C
context to enable more informed buying decisions for consumers, like in the case of Du Bist Hier der
Chef, FederBio, or Corfilac. In some cases, increasing informed decision-making opportunities was
related to production efficiency and risk management, whereas in some other cases, it was more
aimed at empowering and increasing the participation of disadvantaged groups (such as consumers
and farmers) by tackling the information asymmetries and power imbalances. Even though we classify
consumers in the disadvantaged group in regard to information asymmetries, they are considered
highly influential on the level of transparency. Many interviewees mentioned that they would provide
more information if the consumers demanded it. Consumers have started to demand more
transparency, like in the case of Du Bist Hier der Chef, yet we also observed a disparity in consumer
approaches, especially when we compared Northern European consumers to Southern-Eastern
European consumers. While consumers from all around Europe want to be informed about food safety
and quality, Northern European consumers seem to consider environmental and social impacts

(including animal welfare) more in their buying decisions.

When we look at the challenges, we notice that resistance to change is mentioned many times in
different contexts. This is not surprising as the efforts to enhance digital transparency in the food
sector involve many traditionally managed small-size family businesses. Here, regulatory compliance,
having frontrunners, and collaboration to improve technology adoption appear to be the main
requirements. Similar to the situation with consumer awareness, there is a disparity between
Northern and Southern-Eastern Europe regarding digitalisation, which hinders transparency efforts
throughout the supply chains. As many European food chain suppliers have suppliers from Southern-
Eastern Europe, there should be more effort in supporting their transitions. From the interviews with

actors from these regions, we noticed that regulations alone are not sufficient to enable such a
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change. Recommended requirements included subsidies, training, and more involvement of

associations.

Even though there is resistance to change from some, many actors have already acknowledged
technology adoption as a prerequisite for creating transparency in food supply chains. Traceability,
documentation and record keeping, and data sharing are some of the other requirements that are
strongly linked to technology adoption. However, we noticed that even when actors are willing to
invest in digital technologies, they find it hard to find the right fit in their context. When we look at
the cases that have already incorporated some technology and data systems, we see that it doesn’t
always indicate the existence of efficient data analysis and sharing. In fact, a lot of data has been
collected and stored in separate locations, yet it is not shared due to personal or technical barriers.
For individual barriers, we identified confidentiality concerns, trust issues (either with competitors or
with policymakers), and data ownership issues. For technical barriers, many interviewees pointed out
the difficulty of data standardisation and harmonisation. Many organisations collect similar data from
the same stakeholders, but they are not in contact with each other. Additionally, the systems in place
that collect and store data cannot communicate with each other. Working towards solutions that
would increase interoperability and develop semantic models and ontologies for standardisation and
harmonisation appears to be critical to creating transparency and transforming the European food

supply chains.
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