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Abstract—This work describes the ongoing design and devel-
opment of the METRIQA platform, hosting the Italian agrifood
data space. Both are key components that the Italian National
Research Centre for Agricultural Technologies is putting forward
in its activities. We present a high-level description of the
platform, which is designed to provide web-like access to digital
resources and services following an approach called Web of
Agri-Food, to support the digital transformation of the sector
in Italy. To show its potential, we also present a real case study
demonstrating both the benefits and impacts of the proposed
architecture, connecting stakeholders and authorities at different
levels.

Index Terms—agri-food, data space, agriculture, traceability,
data sharing

1. INTRODUCTION

HE European Green Deal is part of the European Union

(EU)’s response to the Sustainable Development Goals
(SDGs), and it sets specific targets for the agricultural sector,
among others, emphasizing the potential for the adoption of
digital technologies. Member States, like Italy, are responsible
for implementing these objectives, funded by the National
Recovery and Resilience Plan (PNRR) and being implemented
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through the National Research Centre for Agricultural Tech-
nologies (AGRITECH). The latter is organized into nine
thematic areas called ”Spokes,” with Spoke 9 focusing on “new
technologies and methodologies for traceability, quality, safety,
measurements, and certifications to enhance the value and
protect the typical traits in agri-food chains.” In the activities
of spoke 9, the METRIQA technological platform [1] emerges
as a solution to support the digital transformation of Italy’s
agri-food sector. The primary objective of METRIQA is to
implement the "Web of Agri-Food” (WoA), which will provide
web-like access to digital resources and services. The WoA
integrates several data sources, connecting their resources
regardless of internal technology and structure. This allows
various providers to make unstructured and heterogeneous data
available to users, such as the actors in the agri-food sector
and other stakeholders. METRIQA users will rely on novel
Al-based retrieval services to obtain relevant information,
benefiting both research and sectoral stakeholders. METRIQA
will also assist private companies in sharing digital resources.
A core component of the METRIQA platform is a data space
[2], which will be used at the national level for traceability
and certification services in the test phase of the system.
The EU data strategy [3] aims at fostering the creation and
use of data spaces for data integration. Data spaces, which can
be described as decentralised data ecosystems focusing on data
relationships rather than data management, have the potential
to play a crucial role in facilitating a cooperative environment.
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Fig. 1: Conceptual description of Data Spaces: data, infrastructure, and services shared for use
according to predefined policies in a common data market.

Such ecosystems rely on mutually agreed software building
blocks. The vision is that data remains at the source, and
using connectors (specialized software components) [4] they
can be accessed by interested parties (data consumers). Figure
1 shows a conceptual representation of the main functionalities
offered by data spaces. Rules for data access and use are
established by data owners in the form of policies. A central
authority is in charge of the identity verification of connected
entities and other functionalities, which will be further dis-
cussed in the following of this work.

Notable initiatives on the road to data spaces are worth
mentioning, such as the IDS (International Data Spaces), the
IDSA (International Data Spaces Association), and DSBA
(Data Space Business Alliance) that puts together the GAIA-
X European Association for Data and Cloud AISBL, BDVA,
FIWARE, and IDSA. There are initiatives also outside the EU,
such as the Data Society Alliance (DSA) in Japan. We remark
the the DSSC (Data Spaces Support Centre) initiative, and
the development of a smart platform at the EU level, namely
SIMPL [5] to further support the development, testing, and
use of data spaces through the development of a common
middleware solution. The idea is to provide a reference imple-
mentation to facilitate the exchange of data across company
boundaries and contemporarily address challenges such as
interoperability, transparency, trust, and data security. Coupled
with the use of W3C semantic standards, data spaces aim at
formal and machine-interpretable specifications of concepts
for unified data understanding. The use of e.g., MyData
Control Technologies [6], which provides a technical imple-
mentation of data sovereignty, the aforementioned control on
data by owners can be exercised.

In this work, we explore the current state of play and
ongoing initiatives when it comes to data spaces, especially
in the agricultural sector, in Section II, and provide details on
the ongoing efforts for the development of the aforementioned
METRIQA platform in Section III. Additionally, we explore
a real case study, located in Tuscany, Italy, in Section IV and
discuss how data spaces can provide benefits in such a context.
We conclude the work in Section V.

II. STATE OF THE ART

Digital information is a key driver of business innovation,
social innovation and prosperity, thus it plays an important

role in transforming our lives. One of the driving forces
behind this transformation is the exponential growth of data
in recent years, considering the wide spread of the Internet
of Things devices and, in general, low-cost and commercial
hardware widely spread and daily used. Digitalization has also
arrived in the agriculture sector [7]. As an example, high-
tech greenhouses have become versatile and multifunctional
environments equipped with sensors that acquire data related
to the microclimatic environment as well as the status of the
plant. A specially designed “computer brain” learns from the
sensed data to infer the health status of the crops statistically
[8], and to perform (optimum) control automatically [9]. More
advanced closed-loop high-tech greenhouses have moved in-
formation processing to a dedicated cloud but the infrastruc-
ture is scattered, unstructured and vertical [10]. To improve
efficiency, current high-tech solutions need to be capable of
inter-operating and communicating with other systems and
clouds making an infrastructure-based approach essential. As
a consequence, data platforms are creating a marketplace able
to connect data providers and data users.

Focusing on data space technologies, semantic World Wide
Web Consortium (W3C) standards, such as the resource
description framework (RDF) and Web Ontology Language
(OWL) have been developed over two decades, to ensure
a common understanding of the data shared in the data
space. The IDS information model is based on a graph-based
RDF ontology, to link the conceptual functionalities, roles,
and processes with the implementations in the Connector
interfaces and endpoints. MyData Control Technologies can
be applied to implement the capability of data sovereignty. To
share data simultaneously, there must be some form of usage
control enforcement. This concept relies on a certification
process for components and environments based on public key
infrastructure. The emergence of federated digital ecosystems
has the potential to efficiently improve data availability and
also offer new strategies in dealing with large volumes of
data, as required by model training for Al-based approaches.
Anyway, a key hurdle on the road of such an ecosystem is
the availability of trustworthy data sharing and management
[11]. As argued in [12], trust should be defined as a function
of time, encompassing a lengthy, intricate, and continuously
adapted chain of trust between services, providers, and users
to adapt to the high dynamicity of the data market.
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Several studies (e.g., [13]-[16]) and EU-funded projects
have studied and demonstrated new approaches and solutions
for digitalising agriculture in recent years, and we cite a few
of them in the following. For instance, the H2020 DESIRA
project (GA 818194) has explored the role of digital tech-
nologies in agriculture, forestry, and rural areas, highlighting
both the potential and the risks linked with their increasing
use [17]. The HE Data4Food2030 (GA 101059473) project
focuses on the data economy and the HE CODECS project
(GA 101060179) is carrying out a cost-benefit analysis of
technologies in the agricultural sector, assessing changes in the
socio-economic process by comparing the situation before and
after the introduction of digital technologies in 20 case studies
all over Europe [18]. The "OPEN DEI” initiative presents a 6C
(connection, cyber, computing, content/context, community,
customization) approach in the form of a reference architecture
framework designed to facilitate cross-domain digital transfor-
mation [19]. Such a framework builds on the extensive use of
sensing units in most scenarios nowadays, and the need to
have data-driven pipelines and workflow management to fully
exploit the huge amount of available data for decision support,
especially in the industrial sector. With specific reference to
agriculture, it is worth mentioning the ongoing activities of
the HE AgriDataSpace action (GA 101083401) and of the
HE AgriDataValue project (GA 101086461), which consider
data spaces as a key infrastructural component for secure and
trusted data exchanges in the EU. At the national level, we
point interested readers to valuable initiatives, such as SIEX!
in Spain, a set of interconnected databases and administrative
registers, with information about agrarian holdings, and to the
GC4SHEEP? initiative when it comes to livestock.

III. ITALIAN AGRIFOOD DATA SPACE (IADS)

The National Research Centre for Agricultural Technologies
(AGRITECH) in Italy aims at developing “new technologies
and methodologies for traceability, quality, safety, measure-
ments and certifications to enhance the value and protect
the typical traits in agri-food chains”. The centre aims to
“create an information platform integrating all work pack-
ages”. Following this approach, the technological platform
METRIQA (MEasurements, TRaceabillty and Quality in Agri-
food chains) is designed to offer a wide spectrum of services
for research, agri-food companies, citizens and public bodies.

In particular, from the point of view of services to research,
METRIQA provides cloud storage to keep the data and infor-
mation produced by the research activity of the Agritech Cen-
tre and makes use of Artificial Intelligence (AI) to enrich such
digital resources with metadata [20], to discover knowledge,
and to construct application-specific decision support systems,
sharing similarities with the web but tailored for the agri-
food sector. Furthermore, it also offers personalized notebooks
allowing for the advanced analysis of research data to build

! Agrarian Holding Information System: www.fega.gob.es/en/content/siex

2Federated Data Cloud Platform with Artificial Intelligence Layer for the
Genetic and Reproductive Improvement of the National Dairy Sheep at https:
//gcdsheep.com

novel Al models and tools. At the same time, METRIQA
implements the abstraction we named WoA to enable other
stakeholders to access the information using search engines
and conversational engines based on GPT (Generative Pre-
training Transformer) technologies. As an example of the
services provided to research, consider the scenario of a
research centre that is operating a study for the certification
of the origin of a specific product, by leveraging a data
collection campaign on fields to collect samples of soil and
biological material from the place of production, and on the
analysis of these samples to build a hyper-spectral profile of
the products of the area. The results of this research and the
methodology to prove the origin are published in a technical
report for other experts. METRIQA can support this research
by providing a place where to store all this information (reports
and datasets), and provide the tools to process such data with
advanced Al tools. At the same time however, the ability of
METRIQA to index the report and to embed its knowledge
into a conversational chatbot allows even non-researchers to
access the information about the certification of origin of that
product. In turn, this information may be used by companies
to provide guarantees about the origin of their products to their
consumers.

From the point of view of services to agri-food companies,
METRIQA offers two main services: the support to traceability
of products/goods leveraging on blockchain technologies and
the design and implementation of the IADS according to the
specifications of IDS mentioned above. The objective is to
provide a scalable data space that can grow over time with the
contributions of individual project partners as well as service
providers. To this purpose, METRIQA encompasses several
nodes, all run by the Agritech centre, such as an authority node
(that serves also as an identity provider), a broker, a transac-
tion node, and several others interconnected through suitable
connectors. Among those, a public node will offer services
to research, citizens and public bodies as discussed above.
Four classes of stakeholders have been identified, namely
service and data producers, consumers, node managers, and the
governance body (the Agritech Centre). Figure 2 shows a high-
level view of METRIQA, highlighting that the data space is a
key component of the platform. Each participant must agree
with the Data Space policy at registration. The registration
process is controlled by the (trusted) authority node.

The other nodes can be servers or clusters of servers
located in the cloud or at the network edge, managed by
other public or private entities. Each of these nodes hosts
data and services specific to the needs of the respective
participants. In particular, each of these nodes may implement
additional services tailored to companies or specific production
processes. For example, through their membership to the data
space, companies along a production and distribution chain
can share traceability data, enabling food traceability services
from grower to consumer. Integration of data from different
sources and export through various services is required for
such services. Service and resource providers populate the
platform with data, knowledge, and services, including re-
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Fig. 2: A high-level visualisation of the METRIQA platform and its nodes.

searchers, companies, professionals, and public bodies. End
users consume data, information, and services offered by the
platform. Node managers are entities running nodes, which can
include IT companies, individual researchers, and the Agritech
Centre itself.

At the current stage of the project, we have designed the
reference architecture of METRIQA, specifically the three
layers of storage, components, and applications. Starting with
the Storage Layer, its main components are the message
broker and the stored data. The storage contains the data
lake of the (research) data that Spoke 9 is generating. At the
Components Layer, METRIQA implements a decision support
system offering web-style retrieval services (such as a natural
language question-answering engine), modelling notebooks
using interpreted languages (e.g. Python) for the exploratory
data analysis, APIs for the data flow among data providers and
data consumers, metadata enrichment, Software as a Service
(SaaS) and Platform as a Service (Paas) models, and containers
of sectorial decision support systems internally developed.
Presently, the development is focusing on the public node,
using the cloud services of the Italian provider ”Consorzio In-
teruniversitario dell’Italia Nord Est per il Calcolo Automatico”
(CINECA). The development of the public node includes the
implementation of a (limited) number of decision support
systems aimed at supporting the research activities of the
centre, and the deployment of the main elements that support
the creation of the data space.

IV. REAL CASE STUDY IN TUSCANY, ITALY

The case study described in what follows comes from
the ongoing activities in one of the living labs® of the EU
project CODECS cited above. The project puts forward a
vision of sustainable digitalisation in the field of agriculture
to carefully consider the existing barriers and the potential
negative impacts [17] which the push of digital technologies
may trigger and builds on the results of the DESIRA project,
such as co-design activities to reduce risks and maximise
benefits for farmers and other stakeholders [21].

A representation of the case study is provided in Fig. 3
from the viewpoint of data spaces. From the left, actors in
the field (farmers, farmers’ associations, factories, and so on)
are shown: they represent an ecosystem of milk producers and
cheese makers in southern Tuscany. Farming requires lots of
paperwork for compliance with regulations, and the provision
of data to control entities is a crucial activity to have access to
incentives, such as those foreseen in the EU CAP (Common
Agricultural Policy). Most of the data and information are not
natively digital yet, meaning that several paper documents are
compiled and exchanged among actors and public bodies. An
added complexity is because similar data are often requested
by more than one control entity, which translates into being
forced to provide the same information in different formats to
different recipients through different procedures. Such a doc-
umentation burden represents a significant hurdle, especially

3Living Labs are networks of farmers, knowledge intermediaries, stakehold-
ers, and policymakers to address agricultural challenges with a system-level
approach to provide insights to policymakers and support sustainable farming
practices.
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Fig. 3: A schematisation of the case study under consideration, highlighting several data spaces at different levels,
nested and overlapped to meet different needs.

for small farmers. Farm Management and Information Systems
(FMISs) can be of strong support in this regard, but not all
portals and platforms for declarations and certifications can
be programmatically queried nor automatic upload procedures
can be carried out. Again, this means that most procedures
must be carried out manually. Looking again at Fig. 3, what
just presented translates into authorities (at the bottom) not
being connected to the farms or to the advisory services farms
rely upon. In other words, the lack of a programming interface
(in the form of a standard API) may have severe impacts on
how burdening the work can be. An additional connection
must be foreseen between national and EU authorities (i.e.,
between the national agency for agricultural subsidies and the
EU CAP system), although on a different scale.

In such a scenario, the use of one (or multiple, as in Fig. 3)
data space may represent a viable solution to connect the
aforementioned systems and actors by using standard and
interoperable software components (connectors) that support
data sharing and data exchange functionalities. Going back
to the proposed case study, it means that FMISs at the farm
level have connectors towards e.g. a value chain (or local) data
space enabling data sharing among milk producers, the cheese
factory, the farmers’ cooperative, and other relevant actors
(e.g., an external laboratory for milk testing). A local space can
ensure that data are willingly shared by each actor according
to predefined rules, thus feeding and being fed by the different
management systems in use. A part of those data is of interest

to local authorities (for instance, the Tuscany region in this
case) in charge of e.g., control and certification procedures,
thus an additional data space could be set up for data sharing
and exchange, with different rules set by data owners to limit
the access by the regional authorities to data as required by
existing regulations in the area. Data spaces can be nested and
overlapped, as depicted in Fig. 3 and discussed in [22], two
features that should be strongly exploited in our opinion, as
we hinted above. In such a way, data can be shared across
multiple groups of actors according to different requirements,
rules, and needs by setting up a single connector e.g. at the
farm level instead of setting up multiple connectors to connect
to different data spaces or having a single data space spanning
from the local to the EU level. In Fig. 3, the overlapping and
nesting of data spaces are represented by different colours
and partial overlapping of rounded areas, each representing
a different space.

V. CONCLUSIONS

The METRIQA platform is under active development within
the activities of PNRR in Italy. The potential of data is being
explored in both the literature and the market, and we reported
a real case study in which data spaces are supposed to provide
benefits. In the foreseeable future, we plan to connect the
information systems at the case study level to the METRIQA
platform, thus integrating data and putting connectors in place.
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We expect two broad families of benefits. On the one hand,
such convergence will allow the actors on the ground (e.g., in
the case study) to interconnect with other companies nation-
wide, with the perspective of connecting in a (semi-)automatic
fashion to additional supply chains. On the other hand, said
convergence will open to deeper integration with the centre
research services, as the data produced by national companies
will be made available to research and industry according to
rules the data owners will set, in order to experiment with
innovative, Al-based data analysis methodologies.
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