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Be part of the CODECS
Knowledge Accelerator!

Home About « Living Labs « Digital Platform

Knowledge Accelerator

The Knowledge Acceleralor is the key outreach instrument of
CODECS. This is a network that will carry out an organised set
of activities based on a muiti-faceted and transversal approach
and which llustrates an ambition 10 boost the co-creation of
knowledge. The KA organises spaces for stakeholder
exchanges and peer-lo-peer learning to “accelerale’ action
through capacity buliding, 10 maximise the reach of outcomes of
the project to external actors

The KA will be articulaled into

a) a Science-Policy Interface;
b) a Demonstration Working Group;
c) an AKIS network.

Get informed ~

Activities will include exchange of information, participation in
platiorms of relevant projects or initiatives at intemational and
EU level, national initiatives, and H2020 and Horizon Europe
projects working on digitalisation of agriculture
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AGENDA a15 SEPTEMBER C
O

14:000 14:15

14:156 14:30

14:300 15:30

15:300 16:00

Welcome and introduction to the day

1 Serafin Paze¥idal, European Association for Innovation in Local Development (AEIDL)
91 Gianluca Brunori, University of Pisa & CODECS Coordinator

Keynote speech & PierluigiLonderg Directorate-General for Agriculture & Rural
Development (DG AGRI), European Commission

Understanding digital agriculture as a system

1 Conceptual framework for sustainable agricultdr&atrine Soma, Wageningen Research
1 Process modelling of digital ecosystér@hiaraMannarj CNR
1 How is AKIS building digital innovation ecosysteStmona Cristiano, CREA

* ¥ %

Moderator: Daniele Vergamini, UNIPI £

* e K

COffee break Funded by

the European Union



AGENDA a15 SEPTEMBER C
O

16:000 16:45

16:450 17:45

17:450 18:00
18:000 19:00

Digital ecosystems in practice: insights from Europe

1 Comparative assessment of digital ecosystém®sa Maria Heredidortigtielaand
CynthiaGiagnocavpUniversity of Almeria
1 Example from the field JovanaMilosavljevgAg Futura (Macedonian Living Lab)

Moderator: CynthiaGiagnocavoUniversity of Aimeria

Round table & Costs and benefits of farm digitalisation

Economigerspectived Constantine lliopoulos, ELGO

Social perspectivé Beatriz Herrera, University of Hohenheim
Environmentaperspectived Alexia Gobrecht, INRAE

Practical experiencéd JonathanVan Beek, ILVO (Belgian Living Lab)

=4 =4 -4 4

Moderator:Véronique BellorMaurel, INRAE

Wrap up - Merveille Ntabuhashe, AEIDL e
Funded by ,
Networking cocktail the European Union
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CODECS: an overview

CODECS final conference

P * CODECS has received funding from the European U n i oHhiobzen Europe research and innovation Programme under Grant @
* * Fu ndEd by Agreement n. 101060179. Views and opinions expressed are those of the author(s) only and do not necessarily reflect those of
* * . the European Union or the European Research Executive Agency (REA). Neither the European Union nor the granting authority BY
LI the European Union  can be held responsible for them.



CODECS OVERARCHING GOAL é

CODECS

To improve the collective capacity to understand, assess and
foresee

A the full range of benefits and costs of farm digitalisation

A and to build digital ecosystems
A that maximise the net benefits of digitalisation




CODECS OVERARCHING GOAL

To improve the collective capacity

Ve
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A
A
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Living Labs

Demo Farms
Knowledge Accelerator
Science-Policy Interface

A |
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CODECS

Living Labs

B Aqri-Digital Bildung (AgDIB)

I Acritood Technology

B Almeria Agroecology

B Artificial irrigation management system
‘ Automation of Orchard Management

I | cloughjoraan Food Hub

l I Consorzio Pecorino Toscano

mmm Grassland management in Latvia using drone
= technology

Bl Greenhouse smart sensor laboratory

= |nnovative Soil Scanner Technology for Sustainable
= Agriculture

mm 'T-enabled place-based local food markets
I | urouesTereL

B Living Lab Lawia

B Living Lab Slovenia

I | occimanum - o sHeer

Funded by
the European Union



BENEFITS AND COSTS

Environmental

D>

Economic

Y,

Social / user-centred

For eachscnario

A 16 impact indicators (climate
changeresourceise humantoxicity
eutrophisation, water uses eétc

A 3 end-point indicators :Human
healthEcosystei®& Resources

w protastion of | ba grages

Erdpons Samuages i
i e dapralind s [Recios 3236
I I I '

For eachusecase :

A Initial Investmentost changes in
annuaproduction costdbenefits
transactioncosts

A Budgetanalysis

A Net present/=":~analysis

[

Positive Net Impact

For eachusecase :

A Livedhumanimpacts offarm
digitalisation

A 3themes(humarwellbeingvork
organisation & Sodiategration

A Subcategoy

&

‘.'
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POLICY IMPLICATIONS C
0

CODECS

Levels of

. Fields of intervention
analysis

Business processe Economic and ecological efficiency

AKIS, data spaces, digital services, digital

Digital ecosystem:. . .
Infrastructures, social learning

Socieecological sustainability, social justice, strategic
systems autonomy

Funded by
the European Union



COSTS AND BENEFITS OFWHAT ?

ltaly (Tuscany, Puglia), Serbia, Spain In-field sensors, satropd
(Almeria), Slovenia, Slovakia, Czech environment monitoring, irrigation

loT, Sensors & Field -Level
Monitoring

Republic

control, decision support integration

Farm Management Platforms &
Decision Support Systems

ltaly (Tuscany, France (Grandues?),

Ireland North Macedonia

FMIS, opetsource platforms,
dashboards, farm accountancy,
integration of farm and machinery
data

Remote Sensing, Drones & Al
Analytics

Belgium, Estonia, Greece, France
(Occitanuma satellite imaging)

UAVS, satellite imagery, Al/ML mode
LiDAR, spraying drones, vigour and
task maps

Precision Soil & Input
Management

Hungary

Soil scanners, NIR sensors, cleud
based soil analysis, mobile integrati

Livestock & Dairy Digital
Technologies

France (Occitanund dairy)

Digital milk counters, connected mil
tanks, livestock production
monitoring

Collaborative, Educational &
Organisational Platforms

Poland, Scotland, Germany

Collaborative IT platforms, digital
education formats, marketing, trainir
and social media tools

Geospatial & Mapping Platforms

Latvia

GISbasedgeomapenvironmentsand

spatialvisualisatiorplatforms

\.'
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DIGITAL SOLUTIONS AS ASSEMBLAGES




DIGITAL TECHNOLOGIES AS .
SOCIO-TECHNICAL NETWORKS -

CODECS

*
TRADEUNION A
4 ARG /‘/ .
[/
'\\ .
FEED_PROGUCERS
\\
. X \
\ g
w&:il_me,:ens
B Scientific knowledge
Agri-food policy and govermnance knowledge
I Knowledge and technical assi on farm g and animal health
B Knowledge of ch ing p
I Knowledge of the nutritional qualities of feed and milk
B Knowledge of PDO production and certification
B Technological knowledge Funded by ’
B Experiential and context-specific knowledges the European Union



| ESSONSLEARNED éj

CODECS

A Main costs linked to the obstacles to digitalisation
A Digital ecosystems are key to remove the obstacles

A Regulation and governance are keys to sustainable
digitalisation




EMERGING ISSUES

ACybersecurity
AStrategic autonomy
AGenerative Al

C

CODECS




\.' o @horizoneucodecs

G‘ODECS (@) @codecs

o @horizoncodecs

THANK YOU
www.horizoncodecs.eu

F% Subscribe to the
newsletter

Join the Knowledge
Accelerator

** Fu nded by CODECS has received funding from the European U n i oHhlofizen Europe research and innovation Programme under Grant @
X * AﬁgreEement n. l1J0106017ﬁ. \éews and Igplnlons;heépress_ed %re thoseé R?Ef At?eNathor(s% ogly and doUno_t neces?]arlly reflect thor?e of
: the European Union or the European Research Executive Agency . Neither the European Union nor the granting authority BY
*x * « the European Unlon can be held responsible for them.
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European
Commission

Al andDigitalisation
In EU agriculture and rural areas

Pierluigi Londero

Head of Data Governance

Agriculture

and Rural
Brussels, 16 September 2026 P —

DG AGRI, Unit A4

European Commission



Outline

A Benefits and challenges of digitalisation (preaching to the converts!)
AWor king on the oddwphdaraydbul sati on v
A Streamlined policy framework

A The Al acceleration



approach

Satelliiq data

/

Local/regional weather stations Simulation models

@ ! o-.-o\

Rural areas } ------

Farmers } ------

Sharimet al. 2024

Digital & data sharing in agricultudghe systemic

[ Supplychain }

E Administrations}




Digitalisation in agriculture

Benefits Challenges
A Realtime monitoring A Lower input use A Costs of adoption
A Practical alerts A Avoiding losses A Data sharing concerns
A Forecasts A Labor and time savings A Cybersecurity risks
A Automated actions A More stable productivity A Unreliable or biased Al
A Precision operations A Market intelligence A Dependencies
Aé A Fewer administrative errors |

Aé

..............................................................................................................................................................................................................................



Vision for agriculture an

New technologies offer advanced sol
that allow farmers to reinforce the
competitiveness sustainability and

resilience of agriculture in the EU.
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© European Union



Digitalisation in agriculture

Main objectives Enabling environment

A Support the modernisation, A Strengthen EU & national

competitiveness,
sustainability and resilience
of EU agriculture

Foster the integration of
digital technologies and data-
driven approaches

Enhance the well-being of
rural communities

advisory services on digital
technologies

Boost digital skills

Promote demonstration
farms, access to Digital
Innovation Hubs

Improve connectivity in rural
areas

Governance

A Ensure a safe, open,
transparent, and fair data
ecosystem

A Reduce administrative
burden and simplify
processes

A Boost modern digital public
services



EU legal framework and support: 2023-2027

Common Agricultural Polic Digital E P )
EAGFg&EAFRD y igital Europe Programme Horizon Europe
B QO. - i I-TAL . M :I. A "
EUROPE )
=@ () @ T EL
roon.. g i \'\\\] : il
Y0602 L &
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THE RECOVERY A&D
RESILIENCE FACILITY




EU legal framework and support

CAP 2023202

Cross-cutting objective on modernising the sector. Digitalisation strategies.
o

Member States have a portfolio of tools at hand to support
digitalisation under the CAP:

Investment support

Eco-schemes

AECC for adoption of digital technologies

Farm advisory services: advice on digital issues & FaST

°
-~

Ld

Knowledge exchange and training (skills/training on
digital matters)

-

K‘b Cooperation (EIP-OG, LEADER, smart villages)
ssessing dlgltullsutlon

’under the CAP" - Infrastructure (broadband).
Struteglc Plans . «  CAP network & Agricultural Knowledge and Innovation
Thematic report ° "‘ System
g November 2025 s L_l oy

IACS data sharing.



Al Act + Al Omnibus

Riskbased rules for trustworthy Al; transparency, higek obligations. Al
Omnibus simplifies implementation and supports sandboxes/raddl
testing.

Open Data and high -value datasets

Geospatial, Eartbbservation, environmental and meteorological data can
fuel precision farming and Al model development.

EU legal framework and support: 2024-2027

Data Act + Digital Omnibus
Access to connecteg@roduct data, cloud switching and simplification of data

rules. Highly relevant for connected machinery and famanagement
services.

Interoperable Europe + Business Wallets

Interoperable public services, trusted business identity, credentials, digital
mandates, signatures and secure exchanges with administrations.



The digitalisatio 0

- Digital transformation of agricultureis happeningalongsidethe digital transition m
of publicadministration. Theseprocesseshouldbe mutually reinforcing

............

- Adoption of digital technologiesshouldnot be considereda final goalin itself. , & AND RURAL

- Governanceframework for digitalisationin agricultureunderthe CAPto facilitate
and managethe responsibleuseof digital technologiesand datain agriculture

y Lab

EY polic

- Digital solutions (smart villages, digital connectivity, skills, innovation) should
support andreinforce resilient and prosperousrural areas

- Policy support for digitalisation should recognise diverse farming models,
ensuring diversity of digital solutions and market players in a coherent and
reliable technologyecosystem

Main recommendations of the JRC ForesighDigttadyransition: Leegn Implications
for EU Farmers and Rural Communities ,




The digitalilsation o0

- Adataanddigital ecosystemnot only for IT developersandfarmers
Importantrole of researchersinstitutions, advisorscitizensetc for a
SyStem( P R IR B B R N of SR R R [

--------------------------------------------------------------------------------

Socio-ecological systems
Macro scale

Digital ecosystems
Networks, platforms, data spaces, collaboration dynamics

Business processes
Farm-level inputs and automated actions

Guiding question. What do farmers need to adopt and use digital tools productively?

Guiding question. What relationships, standards and intermediaries need to be in place for
tools to function as connected systems?

broader societal and environmental goals?

o -

)
.
i Guiding gquestion. What macro-level coherence and structural conditions let digitalisation serve
)
.
"
il

--------------------------------------------------------------------------------

CODECS6.3 POLICY RECOMMENDATIONS AND TOOLBOX



Digitalisation under the:

A More flexibility across the budget, capacity to act and react fast

A Simpler, more streamlined and harmonised EU financial
programmes

A Integration of the CAP into the National and Regional
Partnership (NRP) Plans, supported by the NRP fund
envelope which will amount to 4865 billion.

A Further flexibility for Member States to program interventions
to accompany the green and digital transitions

A A powerful competitiveness boost to secure supply chains,
scale-up innovation and lead the global race for clean and
smaurt technology.

FUROPES BUDGET

For a resilient, competitive and sustainable EU agriculture




The Al acceleration

A Al in the EU agri -food sector: strong assets, huge potential

A Al-ready data: rich data ecosystem combining machinery, sensors, satellite data, weather
Information, farm records, logistics and public administration

A Strong EU Research and Innovation: through Horizon Europe Cluster 6, the European
Partnership for i A@GRIOperhtibnalrtGeoups, ind plattir@l o, E |

demonstration networks:;

A EU sovereign Al infrastructure: Al factories and Al GigaFactories, Test and Experimentation
facilities - AGRI TEF, etc.

A Multiple expected benefits: improving productivity, resilience, sustainability and
competitiveness; coping with climate pressure, labour shortages, market volatility and rising
environmental expectations

A Value for the EU agri-food sector may come from lower input use, avoided losses, labour
and time savings, more stable productivity, fewer administrative errors and better working
conditions and quality of life for farmers

30

P



Potential of Al In managing complexity

Gianluca Brunori, University of Pisa

A System already optimized A Understanding complex interactio
A Al to further standardize output A Al to exploit diversity and
A Limited gains from introduction Increase resilience

of Al-driven tools



Al Continent & Apply Al

Al Continent Action Plan i 9 April 2025

EU plan to become a leading Al continent: scale computing, unlock data, builc
skills, accelerate adoption and simplify Al Act implementation.

Cross-cutting support

Al Factories/Gigafactories, Data Union Strategy, Al Skills Academy,
Experience Centres for Al, TEFs, sandboxes, Apply Al Alliance and Al
Observatory.

Apply Al Strategy 7 8 October 2025

Sectoral strategy to boost Al adoption and innovation, includingfagd;
complements the Al Continent Action Plan and promotedifdt and
trusted deployment.

Agri -food actions

Foster the creation of a Agffiood Al platform that will facilitate the uptake of
specialisedarming Alenabled tools and applications.
Building on CEADS, EDIC, Horizon projects



Al acceleration

A Facing the challenges

A Pace of Al technical developments, how
to manage the speed of this transition

Europe’s difficult choices on Al

Data is the one area where it can still be sovereign and it has the greatest potential fo
generate growth

A Geopolitics of Al and need for EU .
) ) MARIO DRAGHI ts
sovereign solutions (o) mmil

A Sense of urgency to boost Al in the EU $60M 1o Al
(including in agriculture)

PRESS RELEASE | Jun 3, 2026 | Brussels | 3 min read

Commission appoints Jim Hagemann Snabe as

) _ _ Special Envoy for Industrial Artificial Intelligence
A Special Envoy on Industrial Al



Conclusions

A Benefits of digitalisation are evident, miigtceted policy support,
uptake still low.

AHow to foster the odigitalisati
are key to address the odifficul

A Future (streamlined) policy framework

A The Al acceleration: unprecedented potential but also riZk®w to
manage the transition: going fast but keep the EU values



Challenge #1: Less time on
forms, more time on farms

Goal: help farmers save time and improve efficiency.

How? Be the one developing the right digital tools by transforming
manual administrative tasks into simplified and automated reporting
systems, reducing the bureaucratic burden.

Challenge #2: Connect data for
smarter fields

Goal: help farmers simplify how they manage and use the data their farm - : :
generates. EU Agri-Hackathon

&,
16-18 October 2026 /

How? Build solutions that help farmers deal with the flood of data
generated by sensors, connected machines and digital devices on their
farm and turn it into clear, actionable information for everyday

decisions.

Challenge #3: Flowing data,
empowered collaboration

Goal: help farmers simplify how they share information and engage with
value chain partners.

How? Develop solutions that streamline the flow of information
between farmers and their value chain partners, reducing the reporting
burden, ensuring farmers retain control of their data, and strengthening
their position across the food chain.



© European Union 2023

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are

not owned by the EU, permission may need to be sought directly from the respective right holders.

Slide xx: element concerned, source: e.g. Fotolia.com; Slide xx: element concerned, source: e.g. iStock.com



https://creativecommons.org/licenses/by/4.0/

wle
(-ODECS
Final Conference

Understanding
Digital Agriculture

as a System

Moderator: Daniele Vergamini,
University of Pisa




(ODECS

Conceptual framework for sustainable
agriculture

Understanding digital agriculture as a system
CODECS Final Conference
15 SEPTEMBER 2026 at 14.30-15.30

CODECS has received funding from the European U n i oHhiobzen Europe research and innovation Programme under Grant @
Fu ndEd by Agreement n. 101060179. Views and opinions expressed are those of the author(s) only and do not necessarily reflect those of
the European Union or the European Research Executive Agency (REA). Neither the European Union nor the granting authority BY

the Eu I'Opean U nion can be held responsible for them.




OUTLINE G‘
CODECS

Fostering capabilities: towards a conceptual and

operational framework e

X CODECS Methodological approach i -'

x CODECS Conceptual framework Lo

Agroecology (Living lab in Aimeria, Spain)

x CODECS Contributions to impact

Funded by
the European Union

Page | 39



COSTS AND BENEFITS OF DIGITALISATION AT DIFFERENT <o

LEVELS G‘
CODECS
CODECS
Methodology
Handbook




TRANSITION PATHWAYS THROUGH LIVING LAB EXPERIENCES
AND SUSTAINABILITY EVALUATIONS IN CODECS

Present

Regimes Practice and interactions based

on available opportunities,

motivations and capabilities
Experimentations
(Niches)

Innovation intermediaries .
AKIS

Motivate others to feel responsible
for sustainable digitalisation

....................
.....

Transition
pathways

,,,,,,,,,,,

Living Lab
demonstrations

Sustainable digitalisation

Practice and interactions which are:
+ Economically sustainable

.« Socially sustainable

+ Environmentally sustainable

..................
e .
......

Sustainability
evaluations

uuuuu

Evaluators

Assesses initiatives conducted
for sustainable digitalisation.

C

CODECS

Adopted from Rauschmayer,
et al., 2015

Funded by
the European Union
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METHODOLOGICAL APPROACHES USED IN CODECS AT

DIFFERENT LEVELS

Digitalisation level 3
Socio-environmental systems

Digitalisation level 2
Digital ecosystems

Farm processes

--------------------
aaaaaaaaa
",

p

Costs & Benefits

!f"
Advantages & disadvantages
of digitalisation across 20
Living Lab demonstrations
1“\ contributions with data,
\

“’\,__“ -

e, _

e,
o
.......
..........................

\
i
i‘L
%

\fnformation & experfencey

( ) Socio-environmental systems

+ Socio-Ecological System Framework (SESF)
« Multicriteria Analyses Tool (MCA)
= Policy analyses

Digital ecosystems

!
i
i

1
i

+ Digital ecosystem conduciveness method
+ Stakeholder perception analysis
» A sustainability bottom-up approach (VARI)

* X %
* *
* *
Process modelling P
Social/lhuman centered assessment
Environmental assessment Funded by

. the European Union
Economic assessment

A Technology Assessment Toold (TAT)

Page | 42



THE
CODECS
CONCEPTU
AL
FRAMEWO
RK

Ever c hanging contextual situation

LEVEL 2

Digitalisation of d igital
ecosystem  contexts

Socio - cyber -
physical system

Costs &
Benefits

LEVEL 1
Digitisation of
business process Costs &
contexts

Digitised socio -
physical system

External drivers:
Social

Costs &
Benefits

Technical

Economic
Environmental
Political

Benefits

Farmer Needs
Costs & Benefits
with n o digitisation in
original context

Socio -physical system

Costs &
Benefits

Internal drivers: Costs &
I Capabilities
1 Motivations

Benefits

1  Opportunities

LEVEL 3)
Digital t ransitioning of
soci oenvironmental
contexts

Socio -cyber -physical -
ecological system

Sustainab le Digitalisation
Transitioning of system s towards
sustainable economic, social and

environmental contexts

Fig. 1. The CODECS Conceptual Framework adopts a systems approach
for assessments of costs and benefits of agricultural digitalisation across
three interrelated Ref. Soma, K., Brunori, G., et al. (2026).

C

CODECS

Funded by
the European Union
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Agricultural Systems 231 (2026) 104529 ‘.'

Contents lists available at ScienceDirect

0

CODECS

Agricultural Systems

.

ER journal homepage: www.elsevier.com/locate/agsy

ELSEVI

Short Communication

i

Sustainable digitalisation - a system thinking approach for determining
costs and benefits in the agri-sector™

K. Soma® , G. Brunori ", C. Giagnocavo®, F. Meulman®, M. Ryan”, R.M. Heredia Hortigiiela ",
C. lliopoulos “, M. Paulus®, A. Ferrari', E. Kilis %, S. Grando ", V. Bellon-Maurel, A. Knierim *,
A. Gobrecht”, T. Selnes*, L. Ortolani”, M. Bacco', C. Mannari'

* Wageningen University & Research, Wageningen Social and Economic Research, Dro danal: 4, 6708 PB i the Netherlaneds
¥ University of Pisa, Deparment of Agriculture, Food and Environment, Via del Borghetto, 80, 56124 Pisa, Italy

© University of Almerfa, Dep of E ics and Business, Crra. Sacramento 5/n, 04120 Almerfa, Spain

9 Agricultural Economics Research Institure, Kourtidou 56-58, 11145 Athens, Greece

¢ University of Hohenheim, Communication and Advisory Services in Rural Areas, Schioss Hohenheim, 70599 Sngat, Germany

! Nationa! Research Council of Irly (CNR), di Pisa Vin G. Mormzi 1, 56124 Pisa, Iraly.

* Balfic Studies Cenire (BSC), Kokneses prospekis 26-2, Riga, LV-1014, Latvia

" Standing Commirtee of Agricultural Research (SCAR), Brussels, Belgium

i Resegrch for Agriculnure, Food and the Environment (INRAE), 147 rue de ['Université, 75338 Paris, France

HIGHLIGHTS GRAPHICAL ABSTRACT

« Digitalisation reorganises physical, so-
cial, economic and digital
interdependence.

« Digitalisation may not necessarily lead
to increased sustainability.

« Digitalisation impacts socioeconomic
wellbeing, including inequalities.

+ Costs and benefits differ across levels of
digital transformation.

Ref. Soma, K., Brunori, G., Giagnocavo, C., Meulman, F., Ryan, M., Hortigliela, R. H., e torosean Union
... , Mannari, C. (2026). Sustainable digitalisation-a system thinking approach for
determining costs and benefits in the agri-sector. Agricultural Systems, 231, 104529. Page | 44
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PARTICPATORY THEORY BUILDING: ABOTTOM UP APPROACH

CONTEXT DEPENDENT VALUE-TREES
aUNDERSTANDING SIMILARITIES AND DIFFERENCES

A 21 Annual living lab workshops

A

C

CODECS

Designing context specific value-tree with relevant sustainability outcomes

APPETIT, Poland (17-04-

2025)

Scotland Living Lab (17-04-

2025)

Introduction of digital
solution

!

Change of (farm)
management

Introduction of digital
solution

!

Change of (farm)
management

l

Economic
outcomes

nnnnnn

!
= ]
]
=)
)

Environmental
outcomes

Improve biodiversity
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{
_.[
T
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Social
outcomes
Improve human health and
labour conditions
‘ove Co tion ]

Grassland management,
Estonia (17-04-2025)

Introduction of digital
solution
+

Change of (farm)
management

LGRS

Decrease water use

Environmental Social
outcomes outcomes
Incre to market: Increase biodiversity ] ommunity
fina d insura interaction

al welfar

Economic

outcomes
ease ac
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Exploring Sustainability Outcomes of
Agricultural Digitalisation in European Living

Labs

Femke Menlman! & Katrine Soma!

"Wazeningen University & Fessarch, Wageningen Socizl & Economic Fessarch, PO Box
29703, 2502 LE The Hague, the IMetherlands

Abstract

Agncultural digitalisztion influences environmental, economic, and social domains,
and generates system-wide effects that zre unlmown, unintended and complex.
There is a need to study outcomes of digitalisation to steer agrifood systems towards
long-term sustainability goals. The main aim of this chapter is to explore cutcomes
of agricultural digitalization across economic, social, and emvironmental domains,
and interpret them through the multl system-level lens of the CODECS conceptual
framework:. This framework: provides an entryway to systematically address the
costs and benefits of digitalization. With data collected through participatory stake-
holder workshops in Europezn living labs, we link environmental, economic and
social outcomes of digitalization to different system-levels. We explore what -
sights emerge from lmbing contexts, domains and system-levels to understand risks
and opportmities of agricultural digitalisation. This approach can make visible the
mdirect, wnintended, and long-term effects of digitalisation. Moreowver, it demon-
strates digitalization as iterative process that reshapes emvironmental, economic and
social domains and feeds back mto the trajectory of digitalisation itself. Finally, we
highlight the value of contextual variability in policymaking for responsible digital-
1zation to ensure designing pathways that are technelogically inmovative, socially
mecluzive, economically viakle, and environmentally sustainable.

Keywords: agricultural digitalisation, sustainability cutcomes, living lab, socio-
cyber-plysical system, digital ecosystems, systems approzch

Book Chapter
iInnovation ecosystems
and agricultural transition:
empirical insights,
theoretical approaches,
and governance
chall engeso
Gianluca et al., 2026.

Funded by
the European Union
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A BOTTOM -UP APPROACH

VARI analyses 1 what is relatively more relevant

‘.'
0

CODECS

A Example Scotland i priority scores adding up to 100%

Scotland Living Lab (17-04-
2025)

Introduction of digital
solution

1

Change of (farm)
management

l

Economic
outcomes

Improve animal health

existing business models

Develop new/optimizing J

Decrease operational costs

Environmental
outcomes

Reduce GHG emissions

Decrease energy use

Improve soil quality

S R S S

Decrease water use

S N A o —

[
Social
outcomes VB
Improve human health and
labour conditions
1z g2 MR MR WA WP [y P mn P 3]
—-[ Improve community interaction ]
— - m5 SONBIF &S SySNBe dzas m5 SONBIF &S 2LISNI a2yt O2ada
{ 'mpfoveﬁiilr‘:é;k'm"d ] w5 SONBIasS s+ 8N d&a § w5505t adllyBmw S SEAdey3d odzaArySa
LYLINRZS | yAYFt KSItdK HELYLINRE @S O2YYdzyArAe AYyGaSNI Oezy
Increase external support o BELYLINRGS RAIAGEE &alAtfa mERLINE®GENKG Y KSItGK FyR f1 062
business management ELYLINR @S &a2Aft ljdz tAGe HLYONBI a8 SEGSNYIt adzZJlR NI G2

wSRdzOS DI D Syraarzya



A BOTTOM -UP APPROACH

VARI analyses T what is relatively more relevant

A Example Estonia i adding up to 100% priority scores

Grassland management,
Estonia (17-04-2025)

Introduction of digital
solution

1

Change of (farm)
management

¥

k.

Economic
outcomes

Environmental
outcomes

Increase access to markets,
finance and insurance

] Increase biodiversity

Decrease water use

-[ Develop new business models

)

—-[ Increase animal welfare

—h[ Reduce labour costs

|
)
)
)

]

o

Incre

Improve

N

Environmental outcomes

Social outcomes 17%

Economic outcomes 6% 3%

0% 10%

W Decrease water use

B Improve human health and labour conditions
M Increase animal welfare

M Increase community interaction

20%

17%

30% 40% 50%

H Develop new business models

M Increase access to markets, finance and/or insurance
M Increase biodiversity

M Reduce labour costs

60%



A BOTTOM -UP APPROACH %o

VARI analyses 1 what is relatively more relevant

0

CODECS

A Example Poland i adding up to 100% priority scores

APPETIT, Poland (17-04-
2025)

Introduction of digital

l

Economic
outcomes

Reduce costs and increase
income

Improve access to markets,
finance and insurance

—h[ Develop new business models ]

——[ Decrease financial risks ]

solution
!
Change of (farm)
management 9y BANR Y -
2 dzii 02 ¥ f
l
Environmental Social
outcomes ﬂ‘ outcomes

Improve biodiversity

Reduce waste

Reduce GHG emissions

Decrease energy use

Improve soil quality

B SN SN AN A S A

Decrease water use

VD
Improve human health and
labour conditions

—-[ Improve community interaction ] i VT W o o p‘?ﬁ o

—{ Improve sl revitaisation | E5SONBI a8 SySNH& das m5SONBFaS UylyOALt NR&la
a5 SONBI &S 41 (SNJ dza s 5508t 2L) ySo odzaAySaa vzl

—-[ e e @ ] BLYLINE 68 | OOBya yOB NV NQALENG v OS mLYLINEGS 0A2RAGSNEAGE
ELYLINR @S O2YYdzyAle AyGSNI Osa2y ®WLYLNRBGS KdzYly KSEFfGK Fyl
BELYLINE @GS NUNI f NBOAGIEAT a2y BLYLINE @GS &a2Af ljdzZ tAGe
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CONTRIBUTIONS TO IMPACTS s

0
CODECS: CREATING A SHARED UNDERSTANDING C
CODECS

20 Living Labs in CODECS

A Provides a systems framework for
understanding sustainable digitalisation
In agriculture

A Assesses costs, benefits and barriers
across different levels of digital maturity ‘

A

A Connects farm -level challenges with
wider digital ecosystems and socio -
environmental impacts

A Highlights the social, economic and
environmental dimensions of digital
transformation

Funded by
the European Union

Page | 51



CONTRIBUTIONS TO IMPACTS

CODECS: ENABLING CHANGE

POLICY BRIEF
CONCEPTUAL BASIS OF SUSTAINABLE
DIGITALISATION

Abstract

The digitalisation of our socielies is transforming our warld. A a resull, paople’s routines and ways of life are redefined
thraugh economic, erviranmental, sccal and gavernance domains, Te same exlen, il is undear who wil benedt ¥om
changes caused by digitalisation, and how, especially in the kong bem. In CODECS, we aim at shedding gt cn how
socio-econamic beredts will be distibuted and redistribubed and idestitying ways of ersuring social, snviranmental,
and ecanomic sustainability with digitaisation. The CODECS conceptual framework operales in an ever-changing
comextual situation in the agricutiural secior in Europe. External drivers (e.g., social, technical, emdmanmental, and
palitical drivers) and internal drivers (e.p. il mativalions and ities) influence enlities. relatianships
and activiies in different ways across different comexts. CODECS responds io this by applying a ‘system thinking'
approach o digitaisation levels. Three inberconnected digitaisation levels are core to the CODECS conceptual
framewerk: 1) Business processes, 21 Digital ecoaystems. and 3) Sccic-ecological systems, By distinguishi

different lewels of digialisation, the CODECS concephual framework enables the necessary understanding of how o
ensure acosleration of sustainable digitaisation through policymaking to influence change, by far instance, facusing
on boasting the abilifies of those involved and ersuring resources are susiained, acoessile and fairdy distributed.

The warkd is in transition due to e digital translomation of our societies, and agricullure is no exception. Digtal
technologies make it passibie 10 automale processes, which have resulled in opportunities tal were unfinkable
sueme years bach. These advancements are made passible due 1o Ihe representation of the physical waid thraugh
nurmibers. Far example, large dalisets can be oblzined by Using Sensors. The use of sensors in précision agriculture
provides sppanunilies |5 gain Brge amourts al mlamalisn on the spaial and |lemperal visiatien in traps, soil
weets, aases, ale. A wide range af sensers exist thal sn be usad for different purpeses, including salalite data
fior precision agriculiure, crap data for improved hancests, soil data for wales optimisatian, estock data for improved
anifnal health, and disease and weed dsection in crops for improved yields.

Diigitisation is “the technical conversion of analogue irformation info digital form™, or in other words “a process of
represenling Ihe physieal warld threugh nurbens”. Digitisalion has led b the third indusirial revalulion, which resulis
Treen eom puters praviding eppaninilies 1o he auamated processes. leading |0 increased ellecliveness in the use
of inpulz and erhancad profilsbility of aulpuls. This has been lollowed by the fouth indusirial revelution,
‘digitalisation’. With digitssalion, people’s roulines and way of He are redefined acconding to (e digital
ranslormation ol new economic, emircamental, social ard govemance gomains, The process af digilal
iranslom ation is rederred io as digitalisation.

Funded by
the European Union
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IMPACTS OVERALL: THE SYSTEM APPROACH DEVELOPED Vo
IN CODECS G‘

CODECS

A Interdisciplinary

A Integrates perspectives from technology, sustainability, economics,
and systems theory, offering a tool to navigate complexity in
digitalisation research.

A Avoids over -generalisation of digital impacts by
A Allowing for context-specific assessments

A Enabling costs and benefits variability across different levels of
digitalisation.

A Sustainability

A Shows that sustainable digitalisation outcomes are not given, but
depend on context, actors, and level of adoption.

A Usefulness

Funded by

A Provides a base for policy design, research agendas, and practical the European Union
assessment tools that reflect real-world heterogeneity in agriculture.

Page | 53



\.'

cODECS

THANK YOU

Dr. Katrine Soma (WR)

On behalf of CODECS consortium partners

AN Funded by
LN the European Union

o @horizoneucodecs

@ @codecs

o @horizoncodecs
www.horizoncodecs.eu

TEagkrE Subscribe to the
newsletter

paressEt Join the Knowledge

L ~hj.-¢’m: Accelerator
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the European Union or the European Research Executive Agency (REA). Neither the European Union nor the granting authority BY
can be held responsible for them.



(ODECS

Process modelling of digital
ecosystem

Understanding digital agricul ture as
CODECS Final Conference
15 SEPTEMBER 2026 at 14.30-15.30

CODECS has received funding from the European U n i oHhiobzen Europe research and innovation Programme under Grant @
Fu ndEd by Agreement n. 101060179. Views and opinions expressed are those of the author(s) only and do not necessarily reflect those of
the European Union or the European Research Executive Agency (REA). Neither the European Union nor the granting authority BY

the Eu I'Opean U nion can be held responsible for them.
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OVERVIEW G‘

CODECS
Socio -Technical Process Modelling of Use Cases [WP3, Task 3.3]
Objectives

A Provide a graphical representation (models) of digitalisation at the farm level
A Depict the process BEFORE and AFTER the introduction of digital technology
A Provide qualitative and quantitative information to better understand the transformation

Activities
A Define a methodology to carry out process modelling within the CODECS Living Labs
A Preliminarily test the approach on selected cases
A Apply the methodology to all Living Labs, involving stakeholders
A Validate the outcome with the Living Labs Funded by

the European Union

Page | 56



MODELS G‘

THREE DIFFERENT VIEWS CODECS

From each LL, we have a set of visual representations (models ) of the process BEFORE
and AFTER the digitalisation
Multiple views: Goal i Structure - Process

GOAL MODEL: What are the goals of the actors?

e (T i
—«‘
(e
bt L

}A L)
— evaluate EMIS
expected

animals health farm [ Infrastructure

and wellbeing productivity
-

-/

protect animal
health

optimise work
management

optimise animal
reproduction

pet scan
B — ultrasound * *
*
* *
* 4 K
Funded by

the European Union

database
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MODELS

STRUCTURE MODEL: What are the entities and their relationships?

FMIS
exchangeData App
Agronomist
monitorHealth
sendData
Pet scan bluetooth Gate Milk meter Smart collar

exchangelnfo

monitorHealth

Veterinarian

scanAnimals

Field

pasture

scanAnimals

measyireQuantity

feed

monitorPosition

milking

Farmer

C

CODECS

Funded by
the European Union
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¢
MODELS o~
C

PROCESS MODEL: how is the process transformed by technology?

blue : new activities CODECS

green : unchanged activities
red: removed activities

Process BEFORE

Funded by
the European Union
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PARTICIPATORY APPROACH

How to carry out process modelling in Living Labs?

o
o

W,
)
\
\
)\

K. T
¢ il
2~
DATA COLLECTION REPORTING
focus group, workshop, by LL
interviews coordinators
using the
template

CHECK

in case
clarifications or
additional
information are
needed, task
leaders will ask
LLs further data

FORMALISATION
task leader formalise
the report in the form
of graphical
representations and
textual descriptions

o

C

CODECS

/7;'/(— O, \
C \S:)@r ‘_/ I
AGREEMENT

LL checks that the
representation is
correct, effective,
and in line with the
focal action situation

Funded by
the European Union
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RESULTS

Public archives

PROCESS MODELS

A Sets of graphical models based on

Li ving Lab reports

Goal Model - LL Grassla...  Structure Model - LL Gr...

12 marzo 12 marzo 12 marzo 12 marzo

01-Activity before - LL ... 02-Activity after - LL Gr...  03-Activity transformati...
12 marzo

LIVING LAB REPORTS

* ¥ %
* *
: * *
L AL * *
GODECS e
Funded by
ALMERIA LIVING LAB the European Union
RIA LIVING LAB
Page | 61
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INSIGHTS FROM CROSS CASE ANALYSIS

Cluster analysis

TECHNOLOGY CLUSTER

Platforms

Added Removed

Actors

Actors

Crop & grassland
Added Removed

Tasks

Actors

Tasks

Actors

SECTOR CLUSTER

Livestock
Added Removed
%o
6.2% 0.0%

Tasks

Actors

C

CODECS

Marketing
Added Removed

Funded by
the European Union
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CONCLUSIONS é‘:

PROCESS MODELLING CODECS

x Participatory approach T Living Labs stakeholders are actively involved in data
collection and validation

x Bottom -up perspective it he anal ysis starts from stakeh
and perceptions

x System decomposition T supports researchers in breaking down complex socio-
technical systems into actors, resources, components, activities and relationships

x Standard, visual representation T provides an immediate and effective way to
convey complex information in multi-stakeholder contexts

x Comparison and orientation 1 helps stakeholders understand where they are in
the process, the effort required to transition to the digitalised process, and how
much dalily activities may change because of technology

x |dentification of potential future impacts 71 foster discussion on potential changeSjEs
In the considered processes Funded by

the European Union
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SCIENTIFIC CONTRIBUTION é’
0

Book chapter A I\M/Irannaéi C,; Ba%c%l? M.; Sdpa|1|gnolo G. O,
. : . Afowards a Method for Modelling Socio-

A Mannari C., Sportelli M., Malizia A., Bacco F. M., Technical Process Transformation in Digital CODECS
Fer r aModellig Digitah Transformation in Agricultured . 2024 | EEE 32nd I nternation
AgnCUlture: BPM-based Method and Case Requ”'ements Enaineerina Conference
St udyno . ARural i nnovati QBksfopsQREWS IEEETH2457 N
agricultural transition: empirical insights,
theoretical approaches, and governance A Mannari C.; Sportelli M.; Okoye O. F.; Bacco F.
chall engeso . Brunori etM.al .FerPaargr #wads ehemlkizfer)i.a A. , 0

socio-technical process modelling in agriculture:

Conference papers a pilot studyo. | EEE International

A Mannari C., Sportelli M., Bacco F. M., Ferrari A, Metrology for Agriculture and Forestry
Sampaio de Lima R., Tamar Storie J., Gailite V., (MetroAgriFor)(2024)
A A BBabed Approach to Designing Drone & Mannari C., Bacco F. M., Ferrari A., Ortolani L.,

Services for Sustainable Semi-Natural

Grasslandso . 2026 | EEE Inter nGal{VllrE@iM%OP SSX&A&%%E&,”?TH”O”
on Metrology for Agriculture and Forestry living labs to foster agricultural digitalisationo .
(MetroAgriFor). To appear 2023 IEEE International Workshop on

Metrology for Agriculture and Forestry

A Mannari C., Sportelli M., Meesala H., Okoye O. (MetroAgriFor). (2023)

F., Lepore F., Bacco F. M., Brunori G., Malizia

A. Fer r ausar req\uremenﬁs End PhD Thesis

modelling: An experience report from digital K * o
agricultureo . | n: Hesseds)A. , ASubann &rModelling Difital Agriculture: a ol
Requirements Engineering: Foundation for Method and Al-InfusedTool f or Li ving
Software Quality. REFSQ 2025. Lecture Notes (2026) Eunded b

in Computer Science (2025) the EL:lr:pian {Jnion
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cODECS

Dr. Chiara Mannari (CNR)

On behalf of CODECS consortium partners

AN Funded by
LN the European Union

o @horizoneucodecs

@ @codecs

o @horizoncodecs
www.horizoncodecs.eu
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How 1s AKIS building
digital innovation
ecosystems

Simona Cristiano( )

CODECSFinal Conference
Bruxelles, 15 September 2026

T
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Digital Innovation Ecosystems as a key device of
knowledge development, exchange and networking

within the AKIS 2\~ 0 =
- @

By enrichingthe AKIS byturninggranular
farm-leveldatainto practice - based
knowledge andconnectingt with

sclentificevidence

ANew knowledge: Combination of scientific and

practical/tacit knowledge; Integration of diverse
data sources of knowledge (es. tractors, sensors,
apps, satellites)

ATimely updated and granular data

By Diversifying channels 0f knowledge

diffusion and enhancimgportunities for
networking

A Gather and make accessible huge amounts
of knowledge
Wider communication & impact
Navigator for multiple target groups

/ This continuous flow of data is the > Facilitating/Accelerate contacts and

networking

lifeblood of the new digital AKIS : :
Connecting people and across countries




AKIS APPROACH AS AN ENABLING ENVIRONMENT FOR
DIGITAL INNOVATION ECOSYSTEMS

Keepingdigitalinnovationecosystems

human - centred »€nsuringthat technologies
data and servicegspondto realneedsand

contribute to systemwide improvement
CONNECT: Actors,needsknowledgetechnologiesand
infrastructures
TRANSFORM: Farmileveldatainto contextualised
knowledgetrusted adviceandusefulservices
CO -CREATE.: Test,adaptand validata@igitalsolutionsin
real farmingcontexts
CAPACITATE: Builddigital datacriticalandadaptive
capabilities
GOVERN: Direct digitalinnovationtowards
interoperabilityinclusionsustainabilityand publiovalue

e AKIS approach enables
Digital Innovation = Ecosystems to
emerge , function , scale and adapt

while remaining grounded in
p e op Ineedssand collective
capacity to act




AKIS as an enabling environment Digital Innovation

ecosystems as socio-
technical configurations

4. GOVERNANCE AND POLICY |

" 1.INFRASTRUCTURES&DATA | [ 2. ACTOR NETWORKS & FLOWS 3. ACTOR CAPABILITIES i
( z % S + Advisory So * o
Q) - comectity (56, lo7) CQir S et ®n S Eh) of AKIS where
» Cloud & Edge Computing > ‘@ / - LivingLabs & Operational @ . =] _ - = =
“ + Open Data & Data Spaces “M” . Cooperatives & Producer Conduciveness | * ?lgnal t& Da&taESJt(rllts e . il;ollc)(!; Framework: (g:wcs; Digital Agenda) .
izati * Innovation n reneunal Hs « Uata Governance ners
! » Sensors, Satellites ¢ zg:;‘:,zo:' :‘u:m & Start-ups * Trust & Sacial Ca;gal + Standards & Interoperability E te C h n O I Og Ie S a.n d d ata
/5 « Platforms & APIs + Public Authorities & NGOs . Absorptnre Capacny . Regu!ation & Ethilcs
L 2. * Readiness & Motivation 9 8 Funding & Incentives y
- - > are structural
AKIS ARCHITECTURE: ACTORS, INFRASTRUCTURE AND RELATIONSHIPS

SYSTEMIC
Enabling Environment
(Ambling Environment)

4
=1

patwuvineiWBl Mediators  of

Top-Down Flow
(Enabli
& Policy

relationships, knowledge
production, and access

Regulatory
Compatibility

Crestes a conductve envirenment € W
m’“ > for innovation, collaboration and scaling <~~~ 5.

B
& MESO-TECHNOLOGICAL
N Solution / Innovation
\ (Technological & Value-Chain Transformation)
Fottori Abilitanti .(F:.‘ c2)
C‘r ] imom interoporable and
) value-adding innovations

Farm / Farmer
(On-Farm Use & Adoption)

NAVIGATE COMPLEXITY COLLABORATE DEFINE STRATEGIES REFLECT IMPLEMENT RESPONSIBLE INNOVATION
17/09/2026



A

Concluding remarks

AKIS and Digital Innovation Ecosystems areinterconnected socio- technical systems |,
sharing actors, infrastructures, knowledge flows, capabilities and governance arrangements.
AKI S enabl es and s u pAKdSrptovidd theeréaiondl, wogmmtiveiandn i n g .
institutional foundations that enable Digital Innovation Ecosystems to emerge, function and
adapt, through transforming data into knowledge, trust and collective action.

Their mutual reinforcement depends on reciprocal flows : bottom -up experimentation,
innovation scaling, top-down enabling support and continuous feedback.

Strengthen the role of DIE to foster trust across the AKIS by providing solutions that
ensure quality, inclusiveness, knowledge traceability, metadata robustness, and FAIR data
(deliver public value).

Strategies for strengthening AKIS and digital innovation ecosystems should be interconnected

to enable mutual reinforcement and maximise their combined impact

17/09/2026 71



S
4
/ aie
-y

b"!::.-/‘:i-/ ’ ( : | e a
‘ Consiglio per la ricerca in agricoltura
/ ¢ lanalisi dell'ecconomia agraria

Thank you!

Simona.Cristiano@crea.gov.it

//’//F ‘// ///_,./"/r zonne




wle
(-ODECS
Final Conference

Digital ecosystems
IN practice: insights

from Europe
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WHY ARE USEFUL DIGITAL TECHNOLOGIES NOT ALWAYS ADOPTED OR

| . SCALED? |
The maturity or presence of a digital tool does not guarantee successful sustainable
digitalisation G‘
FROM TECHNOLOGY READINESS TO The Digital Ecosystem perspective

ECOSYSTEM READINESS

A Auseful and mature technology is introduced into highly complex
existing socio-ecological environments.

A Adoption and scaling depend on the enabling conditions
provided by the Digital Ecosystem *.

*Dynamic system where digital, socio-economic, organisational, knowledge, and
physical components converge to support the production, storage,
communication, and utilisation of digital technologies and data.
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