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EXECUTIVE SUMMARY

This deliverable reports the outcomes of the initial testing cycle (Stage 1) of the COP-PILOT pilots,
conducted across the project’s five validation clusters: business integration in mining (Sweden),
smart sustainable loT solutions in Valencia (Spain), AgriTech transformation and sustainability
(Greece), edge intelligence for grid reliability (Greece), and smart vineyards and sustainable winery
ecosystems (Portugal/Spain). All piloting activity follows the project’s unified validation and
evaluation methodology, which defines the KPI/KVI framework with its baselines and targets and
structures the assessment around three evaluation milestones — initial, intermediate, and final —
while each cluster reports through a standardised Pilot Report Template covering scope, planning,
execution, results, stakeholder engagement, and lessons learned.

During this first cycle, every cluster completed at least one pilot under realistic or operational
conditions. In the mining cluster, queue-driven auto-scaling of seismic processing resources was
demonstrated at the M13 project review using a historical mine dataset, continuous and scenario-
based testing of asset tracking, geofencing, and smart rock-bolt monitoring delivered initial
measurements across the use-case KPI set, and a 50-device condition-monitoring stress test was
executed in the RISE pre-production environment. The Valencia cluster executed four of its six
planned pilots in the field, including continuous 24/7 urban traffic monitoring with 5G-connected,
solar-powered radars and a fully automated, event-driven waste-collection alert loop with zero-touch
OpenSlice service provisioning. The AgriTech cluster validated the complete field-to-gate pipeline
on commercial spinach cultivation, demonstrating the full nine-step UAV-to-Al-to-UGV precision
spraying workflow live at Field Day 1, alongside blockchain-attested traceability and orchestrated
harvest logistics. The energy cluster transformed an operating biogas plant into a digitally monitored
asset, demonstrating end-to-end data flow from industrial sensors to an operator dashboard, while
the wine cluster executed three pilots at public events in Portugal and Spain, validating vineyard
decision support, winery production monitoring, and the transferability of the vineyard workflow to a
second site without bespoke integration.

These activities allowed initial KPI baselining to be completed on schedule at the first evaluation
milestone. Among the most notable results are the successful demonstration of basic compute auto-
scaling functionality (KPI-VSS-CL1-1.4, assessed as Partial at the M17 evaluation), initial
measurements across the asset-tracking KPI set — including 99.9% system availability and data-
reception performance of 2,500 messages — and a 30-second alarm-detection latency
demonstrated through live geofencing. The 50-device scalability scenario (KPI-VSS-CL1-3.4) is
scheduled for re-evaluation at the intermediate (M25) milestone after a data-loss issue under full
concurrency was identified for resolution, with mitigation already underway. Quantified value
evidence also emerged from the wine sector, where a production winery reported waste reduced
from 6.1% to 2.9%, annual downtime reduced from 312 to 89 hours, and estimated energy savings
of 47.3 MWh per year, while stakeholder surveys recorded 90.9% positive usability feedback and
81.8% trust in data handling. These M17 measurements also provide early proxy evidence for the
associated KVIs, whose realised-impact assessment is foreseen for the subsequent evaluation
phases, in line with the methodology.

Beyond the measured results, Stage 1 confirmed that the first version of the COP-PILOT platform
— end-to-end and domain orchestration, FIWARE NGSI-LD data management, the Secure
Integration Fabric, and the Business Management Portal — operates in live pilot conditions, and that
reusing proven orchestration platforms with an iterative, simulation-supported approach reduces
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technical risk where access to operational sites is constrained. The cycle also showed that long-
running continuous testing exposes defects invisible to short scenario tests, and a certificate-expiry
incident underlined the need for automated credential lifecycle management and standardised pre-
demonstration readiness checks. Stakeholder feedback consistently validated the project direction,
emphasising flexible deployment models that accommodate on-premises industrial infrastructures
and edge management capabilities such as over-the-air updates. Building on these findings, a
consolidated and prioritised set of recommendations — covering ingestion-pipeline scalability,
secure-connectivity hardening, completion of cluster-application integration into shared orchestrated
environments, and more sophisticated SLA-oriented autoscaling — has been directed to the
development work packages to inform Development Cycle 2, with progress to be assessed at the
intermediate evaluation and consolidated in the final pilot report.
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ABBREVIATIONS

Abbreviation Description

5G Fifth Generation (mobile network)

5G MPN 5G Mobile Private Network

Al Artificial Intelligence

API Application Programming Interface

ATSI AgriTech Transformation and Sustainability Initiative
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1 INTRODUCTION

This deliverable reports on the outcomes of the initial testing cycle (M10-M17) of the COP-PILOT
project, the first of the three evaluation cycles foreseen in the Grant Agreement. The COP-PILOT
implementation plan is split across three cycles aligned with the project's development phases:
initial (M10-M17), intermediate (M18—M25), and final (M26—-M33). This document focuses on the
initial cycle and its outcomes; the intermediate and final cycles will be reported, respectively, through
the Periodic Reporting at M18 and through D5.2 at M36.

To meet its objectives in a way that is consistent with the rest of the project, D5.1 stands on two
main pillars:

1. A unified methodology defining what COP-PILOT considers as Key Performance
Indicators (KPIs) and Key Value Indicators (KVIs) and how these indicators are
measured across the three evaluation cycles. To address this requirement consistently
within WP5 (technical KPIs/KVIs), but also across other work packages (economic, societal,
sustainability, communication, dissemination, exploitation, standardization, and SDG impact
factors), the COP-PILOT consortium introduced a dedicated cross-WP deliverable DO.1 [1]
that captures the entire validation and evaluation methodology of the project. The relation of
DO0.1 to D5.1 is summarized in Section 1.1.

2. A unified planning, execution, and reporting methodology for the pilot activities across
the five COP-PILOT Clusters. This generic, Cluster-agnostic methodology is introduced in
Section 1.2 and is then instantiated five times in Section 3, once per Cluster.

3. By delegating the KPI/KVI definitions and the cross-WP evaluation tables to D0.1, and by
adopting a common pilot planning toolset across all Clusters, D5.1 remains focused on what
is specific to the WP5 mission: documenting how the initial testing cycle was executed, what
was learned, and how that learning is fed back to the development work packages (WP3
and WP4) ahead of integration cycle 2.

1.1 UNIFIED PROJECT-WIDE METHODOLOGY TO VALIDATE AND
EVALUATE COP-PILOT

Having a unified strategy to evaluate every aspect of a large project facilitates target audience to
grasp both the scale of the project, but also the amount of work being put together to homogeneously
address challenges that typically exceed finite work package or task limits. For this reason, COP-
PILOT created an extra deliverable (D0.1) titled “COP-PILOT’s Unified Methodology for Project
Validation and Evaluation” [1] that takes inputs from all WPs as well as the COP-PILOT Grant
Agreement, to create a single reference for the validation and evaluation activities of the entire
project. In this context, D0.1 provides the following useful templates which define the very essence
of our evaluation strategy:

Co-funded by
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o A template to define a COP-PILOT KPI is provided in Section 1.1 of DO.1 [1]. An illustration
of the COP-PILOT KPI definition is provided in Figure 1-1.

A unique A name for this | A descriptive summary of this A standard definition of this KPI
KPI KPI KPI originating from the bibliography
identifier and/or the COP-PILOT Grant

Agreement [1].

Figure 1-1: Template table defining a COP-PILOT KPI as per D0.1 [1].

o A template to define a COP-PILOT KVI is provided in Section 1.2 of DO.1 [1]. An illustration
of the COP-PILOT KVI definition is provided in Figure 1-2.

A unique A name forthis | What is the value produced out | Measurable indicators that
KVI KVvI of a KVI contribute to the key value. Those
identifier indicators could be either (i) KPIs

defined by the project (as per Table
1-1) OR (ii) other measurable
metrics defined by a relevant

business stakeholder.

Figure 1-2: Template table defining a COP-PILOT KVI as per D0O.1 [1].

e A template to define the evaluation of KPIs and KVIs is provided in Section 1.3 of D0.1 [1].
An illustration of this common template is provided in Figure 1-3.

Baseline Measured | Measured Measured Target Value Assessment Result
Value (M1) | Value Value — Value - Final (m38)
- Initial Intermediate Evaluation
Evaluation | Evaluation (M33)
(M17) (Mm25)
KPI/KVI KPI/KVI KPI/KVI value KPI/KVI value | Target value of ACHIEVED if the value
value at value measured after | measured this KPI/KVI. measured during the
the measured COP-PILOT is after COP- This value is set | final evaluation meets
beginning after COP- | employed at an | PILOT is fully from the or exceeds the target
of the PILOT is intermediate employed beginning and value
project employed stage should provide NOT ACHIEVED if the
(i.e., at an early the delta of value measured
Before stage COP-PILOT with | during the final
COP-PILOT) regards to the evaluation does not
initial value meet or exceed the
(M1) target value
Measurement Measurement | Measurement Collection Process | M ement
Calculation Formula Input Source Collection Frequency
A formal mathematical A brief A brief statement of the way the | A brief statement on
formula to calculate the statement on KPI/KVI values will be collected the frequency of the
value of this KPI/KVI the inputs of collection process.
this KPI/KVI Some KPIs/KVIs may
require periodic
assessment while
others not.
Identified Risk(s) Risk Mitigation Plan
Potential risks that may impact the fate of a | Potential contingency plans to work around emerging risks
KPI/KVI

Figure 1-3: Common template table for the evaluation of a COP-PILOT KPI/KVI as per DO.1 [1].
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Definition of Project-Wide Key Performance and Value Indicators

e A template for tracking long-term KPIs and KVIs beyond the end of the project is provided in
Section 1.4 of D0O.1 [1].

Using these templates as a holy grail, Section 2 of D0.1 [1] classifies all COP-PILOT KPIs and KVIs
in various categories and defines KPIs and KVIs across all these categories. Specifically, these
categories define KPIs and KVIs for quantifying:

(i) Global Project Objectives (Section 2.1),
(ii) Cross Vertical Sector (sector-agnostic) indicators (Section 2.2),
(iii) Vertical Sector-specific indicators across the 5 COP-PILOT Clusters (Section 2.3), and

(iv) A set of orthogonal indicators addressing impact across Science, Economy, Technology,
Society, Standardization, Communication, Dissemination, Exploitation, and Sustainability
(Sections 2.4 — 2.12).

Evaluation of Project-Wide Key Performance and Value Indicators

The defined KPIs and KVIs in Section 2 of D0.1 [1] are then evaluated in Section 3 of the same
document, where an identical structure of sub-sections (as in Section 2), provides the evaluation
tables of all defined KPIs/KVIs. These tables allow the COP-PILOT consortium to input KPI/KVI
measurements 3 times:

(i) during the initial testing cycle (M10-M17) which is the objective of this document,
(i) an intermediate evaluation during testing cycle 2 (M18-M25), and

(iii) a final evaluation during the last testing cycle (M26-M33).

1.2 UNIFIED PILOT PLANNING, EXECUTION, AND REPORTING
METHODOLOGY

Complementary to the cross-WP indicator framework introduced by D0.1, WP5 has put in place a
homogeneous, Cluster-agnostic pilot methodology that drives planning, execution, monitoring,
and reporting across all five COP-PILOT Clusters. The methodology was extracted as part of
milestone MS7 (M09) and is operationalized through three coordinated artefacts maintained in the
project SharePoint under the WP5/T5.1 folder:

» Pilot Tracker (per Cluster, .xIsx, sheet 1) — a cluster-level Excel workbook (“COP-PILOT-
ClusterX-PilotTracker-Template_v1.0.xlIsx”) that lists all pilots in the Cluster, their status,
owners, KPI/KVI mapping, and current readiness indicators. The Pilot Tracker is the single
point of truth from which WP5 leadership monitors progress.

+ Pilot Planner (per pilot, .xIsx, sheet 2) — a per-pilot detailed plan, held as sheet 2 of the
same Cluster workbook, that breaks each pilot into stages, scenarios, activities, scheduled
dates, and assigned resources. The Planner is owned by the pilot lead and updated on a
rolling basis.
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* Pilot Report Template (per pilot, .docx) — a structured Word template (“COP-PILOT-
ClusterX-PilotY-Report-Template_v0.1.docx”) used to capture, in a uniform way, the pilot
scope, planning, infrastructure setup, scenarios executed, results, stakeholder engagement,
lessons learned, and DMP/ethics considerations.

These three artefacts support a four-step cycle — Tracking — Planning — Execution — Reporting
— in which Monitoring (top-down) and Discussion (bottom-up) feedback loops connect WP5 with the
pilot owners and with the other work packages. The Tracker concentrates Monitoring inputs; the
Planner organizes Execution; the Report Template consolidates Reporting and feeds Discussion
that returns to Planning for the next stage.

During Stage 1 (initial cycle, M10-M17) each pilot collected qualitative and quantitative evidence
through structured pre-trial questionnaires (capturing baseline expectations, baseline KPI values
where measurable, infrastructure and ethics readiness), and post-trial questionnaires (capturing
observed values, stakeholder feedback, deviations from plan, and proposed improvements for cycle
2). The questionnaires were designed in coordination with T5.4 (UBRAD/KUL) for the sustainability,
societal, and business dimensions, so that the data collected feeds directly into the corresponding
DO0.1 evaluation tables (Sections 3.2, 3.6 and 3.11 of D0.1).

A summary of pilot results per Cluster, together with the corresponding KPI/KVI measurements, are
reported in Section 3 of this deliverable, while consolidated cross-Cluster feedback to development
work packages is presented in Section 3.7. For more details about the outcomes of the initial testing
cycle, a dedicated D5.1 Annex is created as a standalone document [2].

1.3 OBJECTIVES AND HOW THEY ARE ADDRESSED

Given the above decisions to homogenize the entire validation and evaluation process of the project
under the same document, this document (D5.1) will focus on:

e Highlighting COP-PILOT’s implementation methodology, split across 3 cycles (Section 2).

o This deliverable focuses on cycle 1 (initial testing cycle), as this is the active
implementation cycle at the time of writing this document, outlining its main outcomes.

e Introducing COP-PILOT’s common approach in planning the pilots across all 5 Clusters (see
Section 3). This entails:

o Pilot scope, objectives, and relevance,
o Pilot planning and setup,

o Pilot execution and results, referencing relevant KPIs/KVIs from D0.1 “COP-PILOT’s
Unified Methodology for Project Validation and Evaluation” [1],

o Stakeholder engagement and feedback, and

o Lessons learnt and feedback to Development WPs to prepare useful updates in the
next iteration.
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A summary of the above contribution to close the document and set the tone for the next reporting
period follows in Section 4.

1.4 RELATION WITH OTHER DELIVERABLES

D5.1 sits at the intersection of the project’s technical, business, and impact streams and therefore
consumes inputs from — and provides outputs to — several other deliverables. The main relations
are summarized in Table 1-1.

Deliverable Scope Relation with D5.1
e . . Foundational dependency. D5.1 references DO.1
Um_fu_ac_i, project-wide : KPI/KVI v1 sub-sections for every KPI/KVI evaluated
DO0.1 v1 definitions and evaluation tables ; o is finali .
(WP1-WP7) during th(_e initial cycle. D0.1 v1 is finalized in
' parallel with D5.1 at M18.
COP-PILOT ecosystem definition, Provides the use case requirements that the
D2.1 stakeholder analysis, and use case . . .
; Cluster pilots are designed to validate.
requirements.
Final COP-PILOT architecture (high- = Defines the architecture (INFRA-L, DIS-L, DDO-
D2.2 level and detailed views) and basic @ L, SIF-L, ESO-L, BM-L, CI/CD) that the Stage 1
platform workflows. pilots exercise and validate.
Provides the platform release v.1 onboarded in
_ the Clusters during integration cycle 1. D5.1
D31 c(:;c?nl\: (I:rl]légt-g intglargzgmn an;.i1m ac; reports back on the behaviour of the v.1
P ’ 9 ! pact. components exercised in the pilots and feeds the
next development cycle.
Reports on the cluster-side integration cycles 1
D41 WP4 cluster preparation and use and 2 (testbeds, domains, COP-PILOT
’ case integration status at M20. components onboarding). D5.1 consumes this
status as a precondition for executing the pilots.
Sets the framework for the third-party
D6.1 Open call methodology and experiments that T5.2 will validate from M16
' supporting infrastructure. onwards. D5.1 covers internal piloting (T75.1)
only; third-party validation is reported by D5.2.
Dissemination & communication: first Consume pilot-level inputs from D5.1 (showcase
D7.1, D7.2 sustainability/business anal sis’ events, stakeholder feedback, business
y ysis. indicators). Co-anchored on D0.1 v1.
Successor deliverable at M36. Will report on
D5.2 Outcomes of the final testing cycle cycles 2 and 3, on the third-party experiments

and validation results.

(T5.2), and on the final KPI/KVI evaluation co-
anchored on D0.1 v3.

Table 1-1: Relation of D5.1 with other COP-PILOT deliverables.

In summary, D5.1 acts as the WP5 anchor for the first reporting period: it is informed by the
architecture (D2.2) and platform releases (D3.1, D4.1), it relies on the project-wide indicator
framework (DO0.1 v1), and it provides validated evidence back to the development work packages so
that integration cycle 2 starts from a consolidated baseline.
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2 IMPLEMENTATION PLAN AND METHODOLOGY

This section introduces the overall validation approach adopted by COP-PILOT during the initial
testing cycle. The validation strategy is grounded on the DevOps continuous-testing methodology
adopted in the Grant Agreement, on the Agile CI/CD development model applied to platform
components, and on the Co-operative Inquiry Methodology applied to the engagement between
developers and end users. The phased evaluation strategy targets three measurement milestones
at M17 (initial), M25 (intermediate), and M33 (final). Pilots were planned, prepared, executed, and
reported using the COP-PILOT Pilot Tracker / Planner / Report Template toolset introduced in
Section 1.2.

2.1 IMPLEMENTATION PLAN

As specified in the Grant Agreement, the COP-PILOT implementation plan is organized in four
phases that span the project lifetime and coordinate WP2 design activities, WP3 platform
development, WP4 cluster preparation, WP5 validation, and WP6 open calls. The four phases are
summarized below and visualized in Figure 2-1.

+ Phase 1 — Design and initiation of pilots [M01-M09/M12]. The overall platform design,
requirements, and the initial reference architecture (WP2) are extracted by M09. The platform
development builds on the ETSI OSL SDG definitions and the INCODE project assets, and
a first reference architecture and implementation of the platform (WP3) is released as v.0 in
MO09. In parallel, the piloting UC scenarios are revisited, including the detailed definition of
targeted KPIs (WP2/WP5), and all the preparation actions for the open calls (WP6) are
completed by M09. The phase extends to M12 to include the preparation actions for the four
piloting Clusters (WP4) and the extraction of the assessment methodology (WP5, MS7).

* Phase 2 — Development and integration cycle 1 + initial validation [M10-M18]. The
initial platform release v.0 is integrated in M10 in the piloting Clusters (WP4) and validated
internally (WP5) by M17, primarily to establish interoperability with the Cluster technologies
and to set up the platform interfaces towards the targeted sectors. In parallel, the first 8-
month platform development cycle (WP3) is completed by M17 to provide a fully functional
release v.1 featuring multi-domain secure registration and interconnection, the supported
platform function extensions, and the interfaces with the main underlay technologies.
Release v.1 is handed over to the piloting Clusters for integration in M18. Moreover, the first
open call preparation and opening is completed in M17, and the selected third parties are
informed and trained in M18 to start their projects. This phase is the focus of D5.1.

* Phase 3 — Development and integration cycle 2 + follow-up validation round [M18—
M26]. The pattern of Phase 2 is repeated. Release v.1 is integrated in the piloting Clusters
by M19 and validated against the internal UC pilots and the successfully integrated third-
party solutions (WP5), feeding back to the final round of platform developments. The updated
release v.2 is completed by M25 (WP3) and provided for integration (WP4) in M26,
incorporating the advanced intelligent, automation, and interfacing features. The second
open call process is completed by M25 and the selected third parties start in M26.
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* Phase 4 — Updates and fixes + final assessment round + demonstration [M26-
M33/M36]. Release v.2 is integrated in the piloting Clusters by M27. The final validation
round for both the internal UCs and the selected third-party pilots runs until M33, leaving
three months (M33-M36) for showcase and impact-creation activities. Platform development
(WP3) is extended to M33 to accommodate updates and fixes pushed through the CI/CD
cycle. The final assessment round, including the planned demonstration actions, is then
reported by D5.2 at M36.

ase II: Dev-Int cvel < Phase IV: Final assessment + Demo
Phase I: Design and Initiation : » Phase IL: Dev-Int cycle 1 Phase I1I: Dev-Int cycle 2 > = :
Mo1 (Mo6| M09 [m12] m15 m18 m21 [ M24] m27 [m33] [m36]

WPI1 Project management
WP2  Ecosystem

Design, Requirements, UC definition Specs and final design

.

q and sp

WP3 Platform i [ Updates & fives »
mv S

I lpdam & fixes

WP4 Pilo ClustmnndUseCues Prepa o
§ T i §

WPS5 Pilots’ validation and evaluation

A J v
v‘:ﬁ;::::';?:n Integration Initial Validation Integration 2" validation round | Integration 3¢ validation round [

and impact
Integration 1* open call validation Integration 2" open call validation creation

Assessment methodology b Assessment round 1 o Assessment round 2 o Assessment round 3

WP6 Open calls and support to third-parties
A Open call 2

Open ‘:'"5 Open call 1
ration
— Management | Training | Support - for 3'“ parties

WP7 Impact maximisation and outreach

Figure 2-1: COP-PILOT implementation plan as defined in the Grant Agreement.

From a methodological angle, all four phases are bound together by three complementary scientific
approaches imposed by the Grant Agreement. First, a design approach where a comprehensive
platform and reference system architecture is defined based on a detailed functional and non-
functional requirement analysis carried per functional block, with the architecture acting as the
blueprint for implementing software modules, interfaces, 0T end devices, data sharing and analytics
mechanisms, and applications. Second, an Agile CI/CD approach where development and testing
activities occur concurrently throughout the software lifecycle, aligned with the Co-operative Inquiry
Methodology that conducts research and innovation alongside users rather than merely for them,
through focused workshops that act as real-world technology validations. Third, the DevOps
continuous-testing methodology that integrates software development with automated IT operations
across the entire service lifecycle, including a dedicated dry-run testing and experimentation
workflow before deploying updated platform and pilot use case component versions at piloting sites.

2.2 TARGET IMPLEMENTATION CYCLE

This deliverable targets the first implementation cycle of the project, corresponding to Phase 2 of the
Grant Agreement and to the M10-M17 evaluation window of D0.1 [1]. Cycle 1 has a deliberately
narrow technical ambition — establish interoperability and confirm baseline behaviour — but a broad
methodological ambition: put in place every cross-WP convention that will then be reused unchanged
for cycles 2 and 3.
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The cycle pursues the following concrete objectives:

* Define a template for every COP-PILOT KPI and KVI so that the entire consortium speaks
the same language when defining performance and value indicators. The actual templates
are introduced in D0.1 v1 Section 1 (Tables 11-14) and are referenced by D5.1 as described
in Section 1.1.

» Categorize all relevant KPIs and KVIs within the four-angle taxonomy of D0.1 v1 Section
2 (Global Project Objectives, cross-vertical sector indicators, vertical-sector-specific
indicators, and orthogonal impact indicators) so that the indicators relevant to WP5 are clearly
delimited (see Section 2.3 of this deliverable).

* Define and instantiate a common pilot planning template across the five Clusters. The
template was extracted as part of MS7 (M09) and is instantiated five times in Section 3 of
this deliverable.

* Integrate platform release v.0 in every Cluster (WP4) by M10-M12 and validate internally
(WP5) by M17 the basic platform interfaces and the interoperability with each Cluster’s
testbed technologies. At this stage the validation focus is on technical readiness rather than
on advanced features: partial or mocked components are acceptable.

* Execute Stage 1 internal pilots using the Pilot Tracker / Pilot Planner / Pilot Report
Template toolset described in Section 1.2 and collect baseline (M1) and initial (M17) values
for all in-scope KPIs/KVIs.

* Feedback consolidated findings to WP3 (platform release v.1, due M17 and integrated in
the Clusters in M18-M19) and to WP4 (use case development and cluster integration cycle
2, reported in D4.1 at M20) so that the second development cycle starts from a consolidated,
evidence-based baseline.

The outputs of this cycle are therefore three-fold: (i) initial KPI/KVI measurements at M17, recorded
in the central evaluation tables of D0.1 v1; (ii) the present deliverable D5.1 at M18, reporting on
Stage 1 pilot outcomes; and (iii) prioritized feedback items to WP3 and WP4 (see Section 3.6) that
drive integration cycle 2. The completion of the second validation phase is reported by milestone
MS8 (M25).

2.3 OVERVIEW OF KPI/KVI CATEGORIES RELEVANT TO WP5

Out of the twelve KPI/KVI categories defined in D0.1 v1 Section 2, four are directly relevant to WP5
and are therefore measured and reported through the pilots in Section 3 of this deliverable. The
remaining categories — Scientific Community, Economy, Technology, Standardization,
Communication, Dissemination, Exploitation, and Sustainable Development Goals — are primarily
addressed by WP6 and WP7 deliverables and are referenced by D5.1 only when a pilot directly
contributes input data. The KPI/KVI categories relevant to D5.1 are summarized in Table 2-1.
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Category

(a) Global Project
Objective KPls
(KPI-GO-*)

(b) Cross-vertical-
sector (sector-
agnostic) KPIs

(c) Vertical-sector-
specific Business
KPIs (per Cluster)

(d) Vertical-sector-
specific KVIs (per
Cluster)

DO0.1 v1 section

DO0.1 defined in §2.1 and
evaluated in §3.1

DO0.1 defined in §2.2 and
evaluated in §3.2
(sector-agnostic part)

DO0.1 defined in §2.3 and
evaluated in §3.2.1-
3.25

DO0.1 defined in §2.3 and
evaluated in §3.2 (KVI
sub-tables)

Scope

Seven KPI categories
mapped to the seven
project-wide objectives
— orchestration,
stakeholder service,
stakeholder
infrastructure,
pilots,
impact.

clusters,
market, and

Level of Fragmentation,
Level of Security (with
mapping to NIST CSF),

Level of Automation
(with mapping to
3GPP/TMF), Piloting

Infrastructure Scale, and
Network Availability and
Performance.

Cluster-specific

business KPIs for C1
(Mining), C2 (Smart loT
Valencia), C3A
(AgriTech), C3E (Edge

Intelligence for Grid),
and C4 (Smart
Vineyards).

Cluster-specific KVIs for
each of the five Clusters,
with their associated
measurable indicators.

Coverage in D5.1

Pilot-driven KPIs (objectives 4
and 5) are measured at M17

through Stage 1.
Orchestration-related and
infrastructure-related KPls
(objectives 1 and 3) are

partially measured through the
platform v.0 / v.1 components
exercised in the pilots.

Piloting Infrastructure Scale is
computed cumulatively at M17
from the testbeds onboarded
across all five Clusters. The
remaining sector-agnostic
indicators are evaluated where
the platform features that
influence them are already
exercised in cycle 1.

Each Cluster reports the M1
baseline and the M17
measured value for its
business KPIs in Section 3,
using the DO0.1 evaluation
tables.

KVIs are reported in Section 3,
including the link between
each KVI and the underlying
KPIs / external metrics that
feed it.

Table 2-1: KPI/KVI categories from DO0.1 v1 that are directly relevant to D5.1.

For completeness, two of the orthogonal categories — Society (D0.1 §2.7 / §3.6) and Sustainable
Development Goals (D0.1 §2.12/ §3.11) — are also touched by D5.1 through the pilots’ stakeholder
engagement and post-trial questionnaires, but their consolidated evaluation is owned by WP7
deliverables. Where Stage 1 pilots collected relevant input data, D5.1 cross-references the
corresponding D0.1 sub-section so that the reader can locate the consolidated evaluation in the WP7
line of deliverables (D7.1, D7.2).
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3 INITIAL TESTING CYCLE OUTCOMES

This section reports on the deployment and execution of the Stage 1 internal pilot experiments
conducted across the five COP-PILOT clusters during the initial testing cycle. Each cluster reports
its pilot outcomes following the standardised Pilot Report Template introduced in Section 1.2,
ensuring that scope, planning, execution, results, and stakeholder engagement are documented in
a uniform and comparable way across heterogeneous domains — from underground mining and
urban loT to precision agriculture, smart energy, and the wine value chain. Pilot execution follows
the unified pilot planning, execution, and reporting methodology, while results are reported against
the KPI/KVI framework, baselines, and targets defined in D0.1 [1].

The five subsections that follow present the outcomes of each cluster in turn: Cluster 1 (Business
Integration in Mining), Cluster 2 (Smart Sustainable loT Solutions in Valencia), Cluster 3A (AgriTech
Transformation and Sustainability Initiative), Cluster 3E (Edge Intelligence for Enhancing Grid
Reliability), and Cluster 4 (Smart Vineyards and Sustainable Winery Ecosystems). The section
concludes with a cross-cluster synthesis that identifies common patterns and shared challenges and
consolidates the feedback items directed to WP3 and WP4 into a prioritised list informing
Development Cycle 2.

The following below is the initial observations from the KPI-KVI mapping and evaluations from all
clusters in COP-PILOT:

Business
80%

70%

60%

50%

40%

30%

— 3

Sustainability Societal

Figure 3-1: Distribution of cluster-specific KVlIs across Business, Societal, and Sustainability dimensions.
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Dimension Cluster 1 Cluster 2 Cluster 3A Cluster 3E Cluster 4 Grand
Total
Business 80% 27% 11% 33% 25% 51%
Societal 15% 27% 33% 22% 19% 20%
Sustainability 5% 45% 56% 44% 56% 29%
Grand Total 100% 100% 100% 100% 100% 100%

Table 3-1: Percentages represent the proportion of KVIs within each cluster associated with the
corresponding value dimension.

As defined in D0.1, the COP-PILOT evaluation framework combines Key Performance Indicators
(KPIs) and Key Value Indicators (KVIs) to assess both the technical performance of the platform and
the broader value generated through its deployment across multiple industrial domains. While KPls
provide evidence of technical and operational performance, KVIs capture the expected business,
societal, and sustainability outcomes associated with the deployment of COP-PILOT technologies.
Together, these indicators provide a structured mechanism for understanding how technological
capabilities contribute to wider stakeholder and ecosystem benefits.

Figure 3-1 and Table 3-1 provide a portfolio-level overview of the distribution of KVIs across the five
COP-PILOT clusters. The spider chart illustrates the relative emphasis placed on Business, Societal,
and Sustainability dimensions within each cluster, while Table 3-1 summarises the percentage
distribution of KVIs across the three dimensions. The analysis therefore reflects the intended value
orientation of each cluster rather than project performance.

Portfolio-level Observations

The distribution of KVIs highlights the diversity of value objectives addressed across the COP-PILOT
portfolio:

e Cluster 1 exhibits a strongly business-oriented profile (80%), reflecting its focus on
operational resilience, deployment capability, and efficiency improvements within digital
mining environments.

e Cluster 2 demonstrates a sustainability-led profile (45%), supported by objectives relating to
smart urban management, environmental monitoring, and operational optimisation.

e Cluster 3A places the strongest emphasis on sustainability (56%) while also demonstrating
the highest societal focus (33%), reflecting its ambition to enable predictive agriculture,
supply-chain transparency, and more sustainable farming practices.

e Cluster 3E presents a balanced combination of business (33%) and sustainability (44%)
objectives, centred on renewable energy integration, flexibility orchestration, and energy
system optimisation.

e Cluster 4 combines strong sustainability (56%) and business (25%) objectives while
maintaining societal considerations, reflecting a holistic approach to digital transformation in
agriculture.
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At the portfolio level, Business-related KVIs account for 51% of all identified value outcomes,
followed by Sustainability (29%) and Societal (20%). This suggests that while operational and
economic value remains a key driver for technology adoption, environmental and societal outcomes
are embedded across most pilot activities rather than being treated as secondary objectives.

Emerging Value Themes Across Portfolio

Several common value themes can be observed across the three dimensions:

Business Value

Operational efficiency and cost optimisation
Scalability and deployment readiness
Platform resilience and reliability

Improved productivity and resource utilisation

Market readiness and commercialisation potential

Societal Value

Improved safety and risk reduction

User satisfaction and stakeholder acceptance
Workforce empowerment and digital upskilling
Trust, transparency, and traceability

Improved decision-making through data-driven insights

Sustainability Value

Resource optimisation and waste reduction
Renewable energy integration

Environmental monitoring and emissions reduction
Circularity and asset lifetime extension

Sustainable supply-chain and ecosystem management

Cross-Cluster Insights and Value Realisation Pathways

A key theme emerging from the first validation cycle is the progression from technology
deployment towards value realisation. While the initial focus of many pilots has been on
establishing technical capabilities, the cluster-level assessments demonstrate that attention is
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increasingly shifting towards understanding how these capabilities generate value for users,
organisations, and wider stakeholder groups.

Several clusters have already begun demonstrating measurable business, societal, and
sustainability benefits, while others have successfully established the enabling capabilities required
to support future impact generation. Taken together, the results suggest that COP-PILOT is evolving
from a technology validation exercise towards a broader assessment of how edge-to-cloud
technologies contribute to sustainable, resilient, and human-centred digital ecosystems.

Future Evaluation Focus

As a publicly funded Horizon Europe project, COP-PILOT is expected to demonstrate not only
technological performance but also broader public value creation. This perspective is consistent with:

e Public Value Theory (Moore, 1995), which emphasises the societal value generated
through publicly funded initiatives.

o Stakeholder Theory (Freeman, 1984), which highlights the importance of assessing
outcomes from the perspective of affected stakeholder groups.

e Socio-Technical Systems Theory, which recognises that successful innovation depends
on interactions between technology, users, organisations, and wider ecosystems.

Consequently, future evaluation cycles will complement quantitative KPI measurements with
qualitative stakeholder interviews to better understand:

e User acceptance and adoption;

e Trust and transparency;

e Decision-making quality;

¢ Organisational change and workforce impacts;

e Perceived business, societal, and sustainability value.

This mixed-methods approach will support a more comprehensive assessment of the long-term
impact and public value generated by the COP-PILOT platform.

3.1 CLUSTER 1: BUSINESS INTEGRATION IN MINING

Cluster 1 validates COP-PILOT in the mining domain, focusing on how secure, scalable and
interoperable loT-to-edge-to-cloud orchestration can support digital mining services in environments
characterised by strict data access constraints, heterogeneous infrastructures, limited connectivity,
high availability requirements and strong cybersecurity needs. The overall piloting scope covers
three complementary mining-related application areas: large-scale micro-seismic monitoring and
dynamic compute scaling, underground asset tracking and smart rock bolt monitoring, and condition
monitoring and predictive maintenance for belt conveyor systems. Together, these pilots exercise
COP-PILOT capabilities for compute orchestration, deployment automation, secure data integration,
edge/cloud data processing and scalable industrial service operation.
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The Cluster 1 testbed is organised as a distributed mining-oriented validation environment combining
partner-controlled development environments, cloud-hosted pilot environments, and the RISE pre-
production / edge-to-cloud test environment in Luled, Sweden. During the initial testing cycle,
RockSigma has operated its BEMIS/ColonyOS seismic processing pilot in a cloud-hosted
environment using recorded mine datasets and simulated high-variability workloads. ThingWave has
conducted continuous and scenario-based validation using its Nucleus/Nexus platform, smart rock
bolt sensors, SmartTags, gateways and demo devices, with testing distributed between ThingWave’s
own infrastructure, the RISE environment, and demonstration activites such as the
Mjoélkuddsberget/NorthStar Day setup in Lulea. The HOSCH-Predge pilot has been set up in the
RISE pre-production environment, where simulated industrial devices stream telemetry into the
HOSCH platform and onwards to Predge Conveyor Solution for analytics and predictive
maintenance validation.

The use cases involved are UC1.1 loT Mining Seismics, UC1.2 Asset Tracking, UC1.3 Condition
Monitoring and Predictive Maintenance in Mining, and UC1.4 loT-Edge-Cloud Continuum for Digital
Mines.

Cluster 1 applies a stakeholder engagement approach adapted to the maturity of the technical
implementation and the practical realities of engaging mining industry stakeholders. At M18, the
initial testing cycle has generated useful internal results and learning, but a significant part of the
planned functionality remains under implementation. This limits the extent to which external
stakeholders can provide detailed feedback on the implemented solution at this stage.

Cluster 1 has therefore focused M18 stakeholder engagement on conceptual and needs-oriented
validation rather than full solution validation. During the first half of the project, meetings and
discussions with relevant actors have been used to assess whether the overall project direction,
including interoperability, secure on-premises deployment, distributed compute orchestration, data
governance, and reduced complexity in industrial edge-to-cloud environments, is relevant from an
industry perspective.

Since access to mining companies is limited, each stakeholder interaction must be carefully
designed to create value for both the project and the stakeholder. Cluster 1 will therefore use
upcoming stakeholder interactions selectively, focusing first on relevance, priorities, assumptions,
and expectations, while reserving more detailed solution-oriented feedback for later validation
activities when more functionalities have been implemented.

3.1.1 Pilot 1: Dynamic/Auto Scaling of Compute Resources for Efficiency

Pilot 1 demonstrated queue-driven compute auto-scaling (KPI-VSS-CL1-1.4) at the M13 project
review, using a historical mine dataset replayed through a simulator, scaling up under a growing job
queue and scaling down without loss. The full execution narrative, figures, stakeholder feedback and
lessons learned for this pilot are provided in the companion deliverable “D5.1 Annex — Individual
Pilot Reports” [2]; the KPI and KVI results are summarised below.
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scaling for SLA

compliance

scaling down without
loss on a short/empty
queue, with queue size
as a proxy for SLA
compliance. Baseline
(M1): No; target (M36):
Yes.

Sub-scenario KPIl name Objective Result
Auto-scaling KPI-VSS-CL1-1.4 Scaling up inresponse to | Basic functionality
demonstration Compute dynamic/auto- | a growing job queue and | demonstrated in the lab

environment at the M13
project review, using a
historical mine dataset
replayed through a
simulator, and recorded
as Partial at the M17
evaluation in DO.1.
Development continues

situations

peak load (e.g., large
seismic events),
supporting safe
evacuations and rapid

decision making.

towards a more
sophisticated auto-
scaling solution.
Table 3-2: KPIs results.
Sub-scenario KVI name Objective Result
Peak-load processing KVI-VSS-CL1-1.1 Seismic processing | Not  yet evaluated;
Improved real-time | results continue to be | supported qualitatively
decision-making delivered without added | by the M13
capabilities in critical | latency during bursts of | demonstration;

assessment planned for
later evaluation phases.

Scalable monitoring

KVI-VSS-CL1-1.3
Higher resolution
seismic monitoring

With improved scalability
through job distribution,
denser and larger sensor
arrays can be supported
without overloading the
central processing
system.

Not yet evaluated;
assessment planned for
later evaluation phases.

Table 3-3: KVIs results.

3.1.2 Pilot 2: Asset tracking and rock bolt monitoring

Pilot 2 ran continuous ThingWave platform testing and scenario-based demonstrations (geofencing
and asset tracking), collecting initial values across the UC1.2 KPI set — including ~99.9% system
availability, 2,500-message data-reception performance, a 30-second alarm-detection latency and
automated 10-minute positional updates. The full execution narrative, figures, stakeholder feedback
and lessons learned are provided in the companion deliverable “D5.1 Annex — Individual Pilot
Reports” [2]; the KPI and KVI results are summarised below.
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3.1.2.1 Pilot Execution and Results

(’: coppilot

Sub-scenario KPI name Objective Result

Continuous  Testing KPI-VSS-CL1-2.1: Rock | Get initial measurement | 350 s

Stakeholder bolt physical installation | value

Continuous  Testing KPI-VSS-CL1-2.2: Rock | Get initial measurement | 420 s

Scale testing bolt configuration time value

Continuous Testing KPI-VSS-CL1-2.3: Get initial measurement | 400

Scale testing Sensor infrastructure | value
scale

Continuous Testing - KPI-VSS-CL1-2.4: Get initial measurement | 0

Stakeholder Collaborative support value

Continuous Testing KPI-VSS-CL1-2.5: Get initial measurement | Manual inspection

Scale testing Automatic tunnel | value report via Nucleus
inspection

Continuous Testing KPI-VSS-CL1-2.8: Data | Get initial measurement | 2,500

Scale testing reception performance value

Continuous  Testing KPI-VSS-CL1-2.9: Get initial measurement | 99.9%

Scale testing System availability value

Continuous Testing KPI-VSS-CL1-2.11: Get initial measurement | Basic data

Scale testing Underground asset | value (elongation)
visualization

Table 3-4: Pilot 2 Scenario 1 KPIs results.

Sub-scenario KVI name Objective Result
N/A KVI-VSS-CL1-2.1: Cost | N/A N/A
efficiency and scalability
of rock bolt deployments
N/A KVI-VSS-CL1-2.2: Cost | N/A N/A
efficiency of  tunnel
inspection
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N/A KVI-VSS-CL1-2.4: N/A N/A
Worker safety in tunnel
inspections

N/A KVI-VSS-CL1-2.7: N/A N/A

Reduced fuel emissions
from tunnel inspections

N/A KVI-VSS-CL1-2.8: N/A N/A
Extended functional
lifetime of tracked assets

Table 3-5: Pilot 2 Scenario 1 KVIs results.

3.1.3 Pilot 3: Condition monitoring and predictive maintenance

Pilot 3 executed the 50-device scalability stress test in the RISE pre-production environment; the
scenario is scheduled for re-evaluation at M25 after a data-loss issue under full concurrency was
identified for resolution. The full execution narrative, figures, stakeholder feedback and lessons
learned are provided in the companion deliverable “D5.1 Annex — Individual Pilot Reports” [2]; the
KPI and KVI results are summarised below.

3.1.3.1 Pilot Execution and Results

Sub-scenario KPI name Objective Result
50-device concurrency KPI-VSS-CL1-3.4 Successfully stream | Not achieved at M17.
Scalability to large | data from 50 | Data loss observed
number of devices concurrently connected | under full 50-device
devices through the full | concurrency due to
pipeline without data | technical issues.
loss. Baseline (M1): 3 | Investigation  ongoing;
devices; target (M36): 50 | re-evaluation planned for
devices. M25.

Table 3-6: Pilot 3 Scenario 1 KPIs results.

Sub-scenario KVI name Objective Result
50-device concurrency KVI-VSS-CL1-3.1 Demonstrate that a | Not yet evaluated;
Improved operational | larger number of devices | assessment planned for
efficiency through | can be reliably | M25 following resolution
scalable monitoring monitored without | of  technical issues
degradation of data | identified at M17.
quality or pipeline
performance, supporting
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more comprehensive
BCS condition
monitoring.

Table 3-7: Pilot 3 Scenario 1 KVIs results.

Initial Impact Assessment — Cluster 1

Dimension KVI KPI Initial Measurement (M17)
Improved operational|State reconciliation success rate |90% successful reconciliation
resilience of distributed in test scenarios (target 295%;
mining applications not yet achieved)

Automated workload placement Autoscaling demonstrated in

simulation environment

Fault recovery and task

. Automated workload
preservation reassignment demonstrated
Observability and auditability|lmproved logging and
coverage auditability support
demonstrated
UC1.4 testbed availability >98% availability
Business demonstrated
Scalable edge-_t(_)-cloud E2C testbed integration coverage Limited uc integration
deployment capability for

demonstrated

digital mines Heterogeneous compute platform

coverage 1

Automated E2C continuum

L Limited provisioning
provisioning

automation demonstrated

Automated workload placement Autoscaling demonstrated in

simulation environment
UC1.4 testbed availability >98% availability
demonstrated

Improved real-time decision|Distributed compute (E2C)
making capabilities in critical
situations (i.e., large seismic

Societal events)
No

Worker safety in tunnelAlJtomatIC I (SR Manual inspection report via

inspections Nucleus
Automatic tunnel inspection

Reduced fuel emissions Manual inspection report via
Sustainability  [from tunnel inspections Nucleus

Table 3-8: Cluster 1 Main KPI-KVI Mapping and Initial Evaluation/Measurement (M17).

Summary

Overall, the M17 assessment indicates that Cluster 1 has made encouraging progress towards its
intended business, societal, and sustainability value outcomes. The initial validation cycle has
successfully established the technical foundations required to support resilient and scalable digital
mining operations, while generating early quantitative and qualitative evidence across multiple value
pathways. Notable achievements include strong system availability, successful state reconciliation,
improved monitoring capabilities, automated workload management, enhanced situational
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awareness, hazard alerting functionality, and progress towards more efficient inspection processes.
While many of these results should currently be interpreted as proxy indicators rather than fully
realised impacts, they provide a credible basis for future value creation and demonstrate that the
pilot is progressing in line with its intended objectives.

As the pilot moves towards more advanced deployment and operational validation, future
assessment cycles will build upon these early findings through additional KPlI measurements,
stakeholder feedback, and, where appropriate, modelling approaches to quantify longer-term
business, societal, and sustainability impacts. Qualitative stakeholder interviews will also be
incorporated to capture user experiences, perceived operational benefits, safety improvements, and
broader public value outcomes that cannot be fully assessed through quantitative indicators alone.
Together, these activities will enable a more comprehensive understanding of how Cluster 1
contributes to operational resilience, worker safety, sustainability objectives, and long-term value
creation within digital mining environments.

3.2 CLUSTER 2: SMART SUSTAINABLE IOT SOLUTIONS IN VALENCIA

Cluster 2, coordinated by the Universitat Politécnica de Valéncia (UPV), focuses on the deployment
and validation of smart, sustainable urban IoT solutions. The cluster is composed of a total of six
Use Cases / Pilots spanning advanced 5G-connected radar networks and distributed
environmental/waste sensor arrays across the city, port, UPV, and Almussafes testbeds.

During the initial Stage 1 cycle, six pilots were planned, 4 of them have been executed in the field
(Pilots 1, 2, 3, and 6), while the remaining 2 pilots are currently pending (Pilots 4 and 5).
Comprehensive reporting and data integration have been finalized for Pilot 1 and Pilot 3. Pilots 2
and 6 have successfully taken place under operational conditions; however, their final datasets and
consolidated indicator calculations are actively being processed and will be fully documented in
subsequent iterations.

Partners Stakeholder Realized (y/n) Re(;;tl)rr";ed
First Phase
Cluster2-Pilot-1 | UC#2.1a ,\'>|"a1y72‘6 VCHT’Ig'i’ VCH yes yes
Cluster2-Pilot-2 | UC#2.1b ﬁ:\szg ALM, EVE, ALM yes no
Cluster2-Pilot-3 | UC#2.2 ﬁ?z% UP\#ISLS’ uPV yes yes
Cluster2-Pilot-4 | Uc#23 | N9~ | VPTEVE VPF no no
Cluster2-Pilot-5 | UC#2.4a mgzg ven DES VCH no no
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(’: coppilot

M18 —
Jun 26

ALM, NES,

TID ALM

Cluster2-Pilot-6 | UC#2.4b yes no

Table 3-9: Cluster 2 pilot overview and Phase 1 status.

Cluster 2 executed Pilots 1 and 3 in the field — 5G-connected traffic radars and event-driven waste
management with zero-touch OpenSlice provisioning. The full pilot scope, planning and execution
narrative are provided in the companion deliverable “D5.1 Annex — Individual Pilot Reports” [2]; the
KPI/KVI results, the impact tables and the Cluster 2 verdict are reported below, with the detailed

impact analysis in the annex.

3.2.1 Pilots’ Execution and Results

3.2.1.1 Pilot 1 (UC#2.1A)

Sub-scenario KVI name Objective Result

Real-Time Traffic | User Satisfaction Perceived utility, ease of | Achieved.

Monitoring use, and operational Current satisfaction rate

acceptance of the COP- stands at 100%
PILOT  platform by o
terminal operators,

industrial park

managers, and

stakeholders compared

to legacy manual

processes.

Real-Time Traffic | Validation Performance | Operational success rate | Achieved.

Monitoring of the deployment 100% of the deployed
5G radars are fully
operational and actively
transmitting data without
faults.

Real-Time Traffic | Market readiness KVI-VSS-CL2-3 Not achieved.

Monitoring Current readiness rate
stands at 50% against
the 100% target.

Table 3-10: Cluster 2 Pilot 1 Main KVI Mapping and Initial Measurements (M17).

3.2.1.2 Pilot 3 (UC#2.2)

Sub-scenario

KVI name

Obijective

Result

Automated Event-Driven

User Satisfaction

Perceived utility, ease of

Not achieved.

Waste Alerting use, and operational . .
accentance of the COP- Current satisfaction rate
PILOF')I' latform b stands at 33% against
! P Y | the 80% target.
terminal operators,
industrial park
managers, and
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stakeholders compared

to legacy manual
processes.
Automated Event-Driven | Validation Performance | Operational success rate | Not achieved.
Waste Alerting of the deployment .
The operational success
rate is currently 91%.
Real-Time Traffic | Market readiness KVI-VSS-CL2-3 Not achieved.
Monitoring

Current readiness rate
stands at 50% against
the 100% target.

Table 3-11: Cluster 2 Pilot 3 Main KVI Mapping and Initial Measurements (M17).

Initial Impact Assessment — Cluster 2

Summary

Overall, the M17 assessment suggests that Cluster 2 is successfully transitioning from technical
validation towards operational and stakeholder value creation. The strongest evidence currently
relates to deployment reliability, operational performance, and stakeholder acceptance within the
traffic monitoring pilot. At the same time, the contrasting results observed in the waste alerting pilot
highlight the importance of user adoption and operational integration in achieving sustained impact.
Future validation cycles should therefore focus not only on further technical optimisation but also on
understanding stakeholder experiences and perceived benefits through qualitative interviews and
continued engagement activities. This will support a more comprehensive assessment of the
societal, sustainability, and public value generated by the cluster's solutions.

3.3 CLUSTER 3A: AGRITECH TRANSFORMATION AND
SUSTAINABILITY INITIATIVE

European agriculture faces a structural challenge: sustaining and increasing production yields
while meeting the environmental targets set by the European Green Deal and the reformed Common
Agricultural Policy. Cluster 3A, the AgriTech Transformation and Sustainability Initiative (ATSI),
addresses this challenge directly.

It introduces an integrated set of data-driven services for the leafy vegetable value chain,
validated in operational conditions on commercial spinach cultivation. The cluster combines
precision field sensing, Al-driven crop monitoring, autonomous ground robotics, blockchain-based
supply chain traceability, and smart logistics coordination, and validates these capabilities through
the COP-PILOT orchestration platform across a geographically distributed deployment. Progress
across all ongoing tasks, technical states, and milestones is continuously tracked through the central
project-wide Cluster Pilot Tracker.
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Domain #1: Kilkis, Central Macedonia
Domain #7 - Location: Moving " Domain #1 - Role: Farmers, Spinach

Industry-to-Market Logistics

Domain #2 - Location: Sindos, Thessaloniki, Greece
Domain #2 - Role: Industrial user; UAV &
weather stations provider

Domain #6 - Location: Athens, GR

&3 56 Private Mobile Net. provider Domain #3 - Location: Thessaloniki, Greece

Domain #3 - Role: G'Agroapps FMIS provider

3 ‘ Domain #4 - Location: Athens, Greece
Domain #4 - Role: & UGV provider
.
. ~Domain #5 - Location: Athens, Greece

Domain #5 - Role: ®ILIU< Telematics & JiT

Partner & Role:4"*"***: Rome, Italy
Plant Wearable sensors provider

Figure 3-2: Cluster 3A partners and role.

The primary operational testbed is located in the Kilkis region of Central Macedonia, Greece,
where spinach parcels operated under the Barba Stathis contract farming network serve as the real-
world validation environment. Barba Stathis, a market leader in the Greek food production and
distribution sector specialising in frozen vegetables, plant-based meals, and fresh salads; provides
direct access to active agricultural parcels, localised weather monitoring infrastructure, and industrial
processing facilities at its Sindos facility in Thessaloniki. To address the connectivity constraints
inherent in semi-rural farming environments, OTE deploys a private 5G Mobile Private Network at
the Kilkis testbed as the primary communication layer for field operations, with public 5G
infrastructure serving as a resilience failsafe. Application infrastructure is distributed across
Thessaloniki and Athens, together with the Sindos processing facility, forming a multi-site
architecture that spans the full field-to-gate lifecycle.

Cluster 3A is structured around four interconnected use cases that cover the complete agricultural
value chain from field to consumer.

Use Case 3A.1 addresses precision agriculture and crop monitoring, fusing satellite imagery with
drone surveys and plant wearable sensor data for continuous antinutrient monitoring. Satellite data
provides wide-area crop status and growth stage assessment; UAV imagery at higher resolution
complements this with detailed canopy analysis and, critically, the identification of weed batch
infestations across the cultivated parcels. The fused intelligence is delivered as near-real-time
advisory inputs through AgroApps 360 (Farm Management Information System).

Use Case 3A.2 addresses Al-enabled AgriRobotics, deploying an Unmanned Ground Vehicle that
acts on weed infestation detections generated by the UAV survey in Use Case 3A.1. The UGV is
dispatched to identified infestation locations for detailed ground-level inspection and, upon
confirmation, performs targeted chemical application directly on the detected weed patches. A
mandatory human confirmation step is required before any spray action is executed, reflecting
current regulatory constraints on autonomous agricultural interventions and maintaining the
agronomist as the decision authority.

Use Case 3A.3 introduces a secure data management and interoperability framework, deploying a
Hyperledger Fabric permissioned blockchain operated by iLINK to provide tamper-evident, auditable
records of cultivation events, inspection outcomes, and chain-of-custody handovers. The
Hyperledger Fabric traceability channel and the FIWARE NGSI-LD context broker operate as
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decoupled data planes, with PowerFleet (UC3A.4) acting as the authorised bridge actor that pulls
context events from FIWARE Orion-LD and writes the corresponding provenance records to the
Fabric channel. The network is deployed on Kubernetes with an Istio service mesh, uses a Raft
ordering service, and runs Go chaincode following the Chaincode-as-a-Service pattern over gRPC.
Three organisations participate in the traceability channel (AgroApps, Barba Stathis, iLINK), with the
third organisation onboarding post-M21.

Use Case 3A.4 addresses smart logistics and supply chain optimisation through PowerFleet, which
generates harvest dispatch plans for the Barba Stathis harvester fleet based on crop readiness
signals and processing facility capacity, and provides optimised routing to the Sindos facility gate.
PowerFleet additionally manages outbound logistics from the Sindos facility, taking incoming orders
from wholesalers and retailers and generating optimised dispatch and routing plans for the delivery
of processed products to points of sale. The platform is implemented in Java with a meta-heuristic
Vehicle Routing Problem solver inspired by the Jsprit library, exposes its service interfaces under
OpenAPI 2.0, and is deployed on Kubernetes. Three COP-PILOT-specific extensions distinguish
UC3A .4 from the baseline platform: (i) Orion-LD-triggered auto-dispatch, in which PowerFleet pulls
FMIS harvest events from the FIWARE Orion-LD context broker and generates the corresponding
vehicle assignment; (ii) continuous freshness-aware re-routing, in which routes are re-optimised in
real time as new context arrives during transport; and (iii) blockchain-authorised provenance writing,
in which PowerFleet acts as authorised writer to the Hyperledger Fabric traceability channel operated
by iLINK in UC3A.3.

UC#3A.1 - Integrated UCH#3A.2 - Secure Data
Precision Agriculture and Management and

Crop Meonitoring Interoperability

Tackles fragmented monitoring by Breaks down data silos by enabling
combining T sensors, wearables, secure, blockchain-bocked data
UaVs, and satellite imagery into o axchange, powered by o multi-eloud
unified real-time observation system, orchestration platform and a shared,
enabling early detection and precizion interoperable architectura.

insights.
UC#3A.4 - Smart Logistics

and Supply Chain

Optimization
Enhonces trans parency and

UC#3A.2 - Advanced
AgriRobotics for Autonomous

terventio ) )
!{gpF:IC-HE [E'UEIIIl'E' manual GPHFUIIDI"IE- wiith

autonomous, data-informed UGVs, efficiency in post-harvest processes

dalivering targeted interventions ond using real-time telemetry, dynamic
reducing excessive chemical usage route optimization, and bleckchain-
through edge Al decision-rmaking. secured traceability, significantly

reducing spoilage and emissions.

Figure 3-3: Cluster 3A use cases at a glance.

Cluster 3A completed Phase 1 and DEM #1 of its agricultural validation roadmap across four use
cases, including the full nine-step UAV-to-Al-to-UGV precision-spraying workflow at Field Day 1,
blockchain-attested traceability and PowerFleet-coordinated logistics. The full scope and execution
narrative are provided in the companion deliverable “D5.1 Annex — Individual Pilot Reports” [2]; the
KPI/KVI results, the impact tables and the Cluster 3A verdict are reported below, with the detailed
impact analysis in the annex.
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3.3.1 Pilots’ Execution and Results

Initial Impact Assessment — Cluster 3A

Predictive Crop Protection

Management

Dimension KVI KPI Initial Measurement (M17)
Business Agricultural Input Cost Farming Resource Initial system deployment
Savings for Contract Optimization validated. Quantitative yield
Farmers and resource comparison
pending full growing season
completion.
Societal Shift from Reactive to Al-Driven Crop AgroApps 360 Al alert

system operational across
pilot plots. UAV-based crop
monitoring flights conducted
during Pilot 1 season. BAR
agronomist scouting
records collected as ground
truth. System accuracy
assessment initiated;
statistically significant
validation pending
completion of full growing
season event log.

UAV-UGV Autonomous
Weed Management
Efficiency

UAV weed mapping
missions conducted across
pilot plots during Pilot 1
season. AUA UGV
deployed in human-in-the-
loop mode for initial field
validation. Mission logs and
herbicide application
records collected.

Sustainability

Environmental Impact
Reduction in Leafy
Vegetable Production

Farming Resource
Optimization

Initial system deployment
validated. Quantitative yield
and resource comparison
pending full growing season
completion.

Smart Logistics &
Supply Chain
Sustainability

PowerFleet dispatch and
routing deployed and active
for the BAR-owned harvest
fleet (same-day, open-truck
inbound, no edge
telemetry). Route and
delivery data collection
initiated during the Pilot 1
season. Blockchain
traceability logging active
for pilot delivery cycles;
refrigerated-truck
temperature telemetry
(Raspberry Pi 5) scheduled
for the Phase 2 outbound
segment.
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UAV-UGV Autonomous | UAV weed mapping

Weed Management missions conducted across
Efficiency pilot plots during Pilot 1
season. AUA UGV
deployed in human-in-the-
loop mode for initial field
validation. Mission logs and
herbicide application
records collected.

Supply Chain Efficiency & Smart Logistics & PowerFleet dispatch and
Product Freshness Supply Chain routing deployed and active
Sustainability for the BAR-owned harvest

fleet (same-day, open-truck
inbound, no edge
telemetry). Route and
delivery data collection
initiated during the Pilot 1
season. Blockchain
traceability logging active
for pilot delivery cycles;
refrigerated-truck
temperature telemetry
(Raspberry Pi 5) scheduled
for the Phase 2 outbound
segment.

Trusted & Traceable Agri-Ecosystem 0 . .
AgriFood Supply Chain Integration & Security 807 of fixed domains &

100% of moving domains
COP-PILOT platform
integration initiated across 4
of 5 target domains.
AgroApps 360, FIWARE
Orion-LD, OTE 5G, and
AUA Al nodes operational
and interconnected.
Hyperledger Fabric and
PowerFleet integration
progressing;

Smart Logistics & PowerFleet dispatch and
Supply Chain routing deployed and active
Sustainability for the BAR-owned harvest
fleet (same-day, open-truck
inbound, no edge
telemetry). Route and
delivery data collection
initiated during the Pilot 1
season. Blockchain
traceability logging active
for pilot delivery cycles;
refrigerated-truck
temperature telemetry
(Raspberry Pi 5) scheduled
for the Phase 2 outbound
segment.

Table 3-12: Cluster 3A KPI-KVI Mapping and Initial Measurement (M17).

Summary
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Overall, the M17 assessment suggests that Cluster 3A has successfully established the
technological and operational building blocks required to support a more predictive, efficient, and
transparent agricultural ecosystem. A notable observation is that the majority of future impact
measurements depend not on further technology deployment, but on the accumulation of sufficient
operational data across complete growing and logistics cycles. This indicates that the cluster's
primary challenge moving forward is less about technical implementation and more about
demonstrating and quantifying the value generated by the capabilities already deployed. Future
validation cycles should therefore focus on translating the extensive operational data currently being
collected into measurable business, societal, and sustainability outcomes. In addition to continued
KPI monitoring, stakeholder interviews will be incorporated to capture user experiences, adoption
challenges, trust in Al-supported decision-making, and perceived value across the wider agricultural
ecosystem, providing a more comprehensive understanding of the impact generated by the cluster.

3.4 CLUSTER 3E: EDGE INTELLIGENCE FOR ENHANCING GRID
RELIABILITY

Cluster 3E is the energy-focused Greek pilot of the COP-PILOT project, targeting the enhancement
of energy system resilience and operational efficiency across distributed locations in Western
Greece. The cluster encompasses three interconnected UCs, each addressing a distinct dimension
of smart energy management through edge intelligence, predictive analytics, and loT-enabled
orchestration.

The piloting activity spans two primary geographical areas. In Patras, the TNET 5G testbed and the
UoP laboratory environment host UC#3E.1, which focuses on real-time grid flexibility aggregation
using a distribution grid simulator and a 5G-enabled cloud-edge platform. Also in Patras, UC#3E.2
deploys edge Al services across EV DC fast-charging stations operated by PPC , targeting predictive
maintenance and demand forecasting. In Preveza, UC#3E.3 is deployed at a biogas electricity co-
production plant operated by BPO, integrating 10T sensors for anaerobic digestion monitoring and
predictive maintenance at the edge.

The three use cases are initially deployed as isolated domains, each operating independently within
its own infrastructure and data environment. Over the course of the project, they are progressively
interconnected, with field data from the biogas and EV charging domains being federated into the
grid flexibility management layer of UC#3E.1 and ultimately exchanging both data and control signals
across a unified cross-domain energy management demonstrator. This progression is structured in
three piloting phases, as referenced in the Cluster Pilot Tracker, moving from single-UC
demonstrations (Pilots 1-2) through initial cross-domain integration (Pilots 3—4) to a full end-to-end
demonstrator (Pilot 5) targeting completion by M36.

Cluster 3E executed its first pilot at the Preveza biogas plant, demonstrating end-to-end data flow
from industrial loT sensors to an OpenSlice-deployed operator dashboard, with a flexibility-activation
latency of ~600 ms, already below the one-second orchestration threshold of KVI-VSS-CL3E-1 and
progressing towards the 300 ms KPI target. The full scope and execution narrative are provided in
the companion deliverable “D5.1 Annex — Individual Pilot Reports” [2]; the KPI/KVI results, the impact
tables and the Cluster 3E verdict are reported below, with the detailed impact analysis in the annex.
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3.4.1 Pilots’ Execution and Results

Initial Impact Assessment — Cluster 3E

Unplanned Downtime

Dimension KVI KPI Initial Measurement (M17)
Business Edge-Based Flexibility Flexibility Activation 600ms (KPI level); 1.1s
Orchestration Time (KVI level)
Flexibility Estimation ~75%
Accuracy
Renewable Integration at RES Intermittency ~4%
Distribution Level Grid Overload ~1%
Digital Upskilling of Energy Digital Upskilling of 0
Sector Workers Energy Sector
Workers
Societal Reliable Access to EV Charging | Reliable Access to 5%
and Clean Energy for EV Charging and
Communities Clean Energy for
Communities
Sustainability | CO, Optimisation of Charging EV Charging Demand | ~70%
Energy Forecasting Accuracy
EV Charger Uptime ~8%
Accelerating Renewable Accelerating 0
Energy Integration and Grid Renewable Energy
Decarbonisation Integration and Grid
Decarbonisation
Biogas Equipment Lifetime Biogas Plant ~2%
Extension Profitability
Biogas Plant ~2%

Summary

Table 3-13: Cluster 3E KPI-KVI Mapping and Initial Measurements (M17).

Overall, the M17 assessment indicates that Cluster 3E is making encouraging progress towards its
business, societal, and sustainability objectives. A key theme emerging from the initial validation
cycle is the establishment of the operational foundations required to support future energy transition
objectives through enhanced flexibility orchestration, renewable energy integration, and sustainable
energy management. Early results demonstrate promising capabilities in real-time flexibility
activation, renewable energy management, predictive optimisation, and asset performance
improvement, suggesting that the pilot is progressing beyond technology deployment towards
broader ecosystem value creation. While several long-term outcomes will continue to mature as
operational data accumulates, the current findings provide encouraging evidence that the enabling
conditions for future business, societal, and sustainability benefits are being successfully
established.
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(’: coppilot

3.5 CLUSTER 4: SMART VINEYARDS & SUSTAINABLE WINERY
ECOSYSTEMS

Cluster 4 validates COP-PILOT across a distributed wine value chain environment that combines
smart vineyard monitoring, water-use efficiency, winery production optimisation, rural connectivity,
energy-aware infrastructure management, and circular l1oT asset lifecycle management. The Cluster
4 validation roadmap is therefore designed to progress from individual use-case testing to integrated,
cross-domain, large-scale pilots.

The Cluster 4 validation strategy follows the phased approach adopted by the project. The first phase
establishes evidence that the principal use-case data paths and application workflows operate under
realistic conditions. Subsequent stages will increase technical maturity and progressively connect
the four use-case branches into cross-domain scenarios supported by common COP-PILOT platform
services. During the initial testing phase, three pilots were executed: two vineyard pilots associated
with UC4.2 and one winery pilot associated with UC4.3. The UC4.1 circular loT lifecycle-
management branch and the UC4.4 rural connectivity and energy-management branch remained in
preparation and integration during this cycle and are planned for validation in the following phases,
jointly with the whole cluster 4 workflow.

Cluster 4 executed pilots across two countries covering vineyard decision support at Quinta da
Pacheca, winery production monitoring at the Wine Next Generation Technical Days, and
transferability of the vineyard workflow at Quinta da Invejosa, with quantified winery benefits and
strong stakeholder feedback. The full scope and execution narrative are provided in the companion
deliverable “D5.1 Annex — Individual Pilot Reports” [2]; the KPI/KVI results, the impact tables and
the Cluster 4 verdict are reported below, with the detailed impact analysis in the annex.

3.5.1 Pilots’ Execution and Results

Pilot Use Date and location Primary validation focus
case
Cluster4- UC4.2 @ 18 November 2025, Quinta Field-to-cloud vineyard monitoring, edge processing,
Pilot1 da Pacheca, Portugal FIWARE data exchange, soil-moisture analytics and
visualisation

Cluster4- UC4.3 | 19 March 2026, Wine Next Winery data ingestion via FIWARE, data processing and
Pilot2 Generation Technical persistence, and OEE monitoring

Days, Vilafranca del

Penedes, Spain
Clusterd- UC4.2 23 April 2026, Quinta da COP-PILOT redeployment of the vineyard workflow at a
Pilot3 Invejosa, Poceirdo, second site, heterogeneous sensor connectivity, edge

Portugal processing and site-specific analytics
Cluster4- UC4.4 | 16-17 June 2026, Villalvaro COP-PILOT initial integration of data from Terrraview
Pilot4 & Matanza, Soria, Spain and Nokia Soil sensors with data ingestion via FIWARE.
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Pilot Use Date and location Primary validation focus
case

from energy measurements was also ingested in the
FIWARE data exchange.

Table 3-14: Cluster 4 pilots execution overview.

Initial Impact Assessment — Cluster 4

Dimension KVI KPI Initial Measurement
(M17)
Business Digital Transformation MES | Scalability 50% scalability
Performance Score readiness and
documentation prepared
for reuse in additional
contexts.
Operational Cost Savings Cost Savings (%) 28.50%
Societal User Satisfaction User Satisfaction 90.90%
Improvement Score
Ease of Use Stakeholder 3
Inclusivity Score
Sustainability Energy Efficiency Energy Efficiency 53.65%
Gain (%)
Long-Term Soil Health Soil Health Monitoring | 100%
Monitoring Score
Reduction of Ground Ground Infrastructure | 1
Infrastructure Reduction (%)

Table 3-15: Cluster 4 Main KPI-KVI Mapping and Initial Measurements (M17).
Summary

Overall, the M17 assessment indicates that Cluster 4 is among the more developed examples of
value realisation in the COP-PILOT. The results indicate clear progress across the four value
dimensions: operational savings, positive stakeholder feedback, deployment readiness, and
sustainability performance. Further validation will still be needed to assess the durability and
scalability of these results over time. Future evaluation work will continue to monitor KPIs and include
stakeholder interviews to better understand user experiences, adoption factors, perceived benefits,
and the broader public value created by the solution. A key finding from the M17 assessment is that
Cluster 4 is already turning digital transformation activities into measurable business, societal, and
sustainability value.

3.6 CROSS-CLUSTER SYNTHESIS AND CONSOLIDATED FEEDBACK

The initial testing cycle has been executed across all five COP-PILOT clusters, with each cluster
completing at least one pilot under realistic or operational conditions and beginning KPI baselining
at the initial (M17) evaluation milestone defined in D0.1. Cluster 1 executed three pilots in the mining
domain — the auto-scaling demonstration presented at the M13 project review, the ThingWave
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continuous testing and scenario-based demonstrations (NorthStar Day geofencing, initial asset
tracking), and the HOSCH-Predge 50-device scalability stress test in the RISE pre-production
environment. Cluster 2 executed four of its six planned pilots in the field, with comprehensive
reporting and data integration finalised for Pilots 1 (5G-connected traffic radars) and 3 (event-driven
waste management with zero-touch OpenSlice provisioning). Cluster 3A completed Phase 1 and
DEM #1 of its agricultural validation roadmap, including the full nine-step UAV-to-Al-to-UGV
precision spraying workflow demonstrated live at Field Day 1. Cluster 3E executed its first pilot at
the Preveza biogas plant, demonstrating end-to-end data flow from industrial 10T sensors to an
operator dashboard deployed via OpenSlice. Cluster 4 executed three pilots across two countries,
covering vineyard decision support at Quinta da Pacheca, winery production monitoring at the Wine
Next Generation Technical Days, and the transferability of the vineyard workflow at Quinta da
Invejosa. The synthesis below draws on the per-cluster execution narratives and initial impact
assessments reported in Sections 3.1-3.5, read together with the first-version platform status
reported in D3.1 and the cluster integration status reported in D4.1.

3.6.1 Common Patterns

Four cross-cutting patterns emerge from the Stage 1 outcomes.

The core COP-PILOT platform stack has been exercised in live pilot conditions across all
clusters. The Domain Orchestrator (ETSI OpenSlice) was used operationally in Clusters 1, 2, 3A,
3E and 4 — most notably for zero-touch lifecycle management of ephemeral notification services in
Cluster 2 (Pilot 3), for automated dashboard deployment in Cluster 3E, and for OpenSlice/Maestro-
supported deployments in Cluster 4. FIWARE NGSI-LD context brokering served as the common
data harmonisation layer across heterogeneous ingestion paths (5G radar telemetry, NB-IoT fill-level
sensors, Modbus TCP industrial instruments, LoRaWAN and Wi-Fi soil-moisture sensors, UAV
detection outputs). The Secure Integration Fabric (OpenZiti [5]) provided encrypted, authenticated
cross-domain connectivity — spanning five fixed sites and a moving-vehicle domain in Cluster 3A,
and connecting the edge server in Preveza to the Athens infrastructure in Cluster 3E. In Cluster 1,
ColonyOS was exposed through OpenSlice to the Hyper Orchestrator via the Kolony Kubernetes
operator, enabling UC1.4 to demonstrate live integration of a cluster into the COP-PILOT platform.
At platform level, D3.1 reports that the End-to-End Service Orchestrator has been successfully
peered with the Domain Orchestrators of all five clusters, producing a functioning Pan-European
service marketplace populated with cluster-specific services — the integration baseline on which
these pilots were run.

Event-driven, closed-loop automation is consolidating as a shared design pattern. The first
catalogue of COP-PILOT closed-loop platform services reported in D4.1 was instantiated in live pilots
and realises the project's Intelligence—Automation—Security model in concrete form: the zero-touch
ephemeral alerting loop in Cluster 2 (fill-level breach — OpenSilice instantiation — Telegram dispatch
— automatic teardown), the Al-driven ftraffic validation loop (radar detection — YOLO camera
verification) in Cluster 2, the blockchain SLA-triggered logistics reconfiguration and PowerFleet
freshness-aware rerouting loops in Cluster 3A, the DER flexibility-optimisation, EV charger fault-
detection and biogas-digestion monitoring loops in Cluster 3E, and the Nokia Al-driven green-energy
vineyard loop in Cluster 4. The HPA+ predictive Al-based Kubernetes autoscaler, developed under
WP4, generalises the same sense—decide—act principle to platform resource management. These
services share a common structure (continuous context ingestion via FIWARE, autonomous
decision, orchestrated actuation through the ESO/DO), confirming that the pattern is reusable across
very different verticals.

Simulation and emulation proved effective where access to operational environments is
constrained. Cluster 1 validated auto-scaling using a historical mine dataset replayed through a
simulator, scaled ThingWave platform testing with 400+ simulated sensors, and ran the HOSCH-
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Predge pipeline with 50 simulated field devices at RISE; Cluster 3E validated its pipeline at a live
industrial facility but with a deliberately bounded sensor set; and Cluster 3A used Copernicus
Sentinel-2 satellite imagery as a fallback when UAV flights were not feasible. This pattern allowed
KPI baselining to begin at M17 across clusters in line with DO.1, despite restricted access to mines,
ports, and industrial plants and the narrow seasonal windows of agricultural pilots.

Stakeholder engagement consistently validated the relevance of the COP-PILOT direction
and, in several cases, produced quantified value evidence. Public and industry-facing
demonstrations were conducted in every cluster: NorthStar Day in Lulea (Telia, Ericsson, Boliden,
Epiroc), the Urban Mobility Data Hub event in Valencia (26 May 2026), Field Day 1 at the Kilkis
testbed, the Preveza biogas demonstration (12 attendees including plant owners and engineers),
Euro Tech Day at Quinta da Pacheca (~100 participants), the Wine Next Generation Technical Days
(~60 participants), and the AVIPE event at Poceirao (~40 participants). Cluster 4 surveys recorded
90.9% positive feedback on ease of use and 81.8% trust in data handling, with unanimous
agreement on the sustainability contribution of data-driven irrigation; evidence from Bodegas
Franco-Espafiolas reported production waste reduced from 6.1% to 2.9%, annual downtime reduced
from 312 to 89 hours, and estimated energy savings of 47.3 MWh per year. Cluster 2 recorded 100%
user satisfaction and 100% operational availability for the traffic-monitoring pilot, while Cluster 3E
elicited two concrete extension proposals (energy-aggregator demand response and methane
curtailment monitoring) directly from plant operators.

3.6.2 Shared challenges

Several challenges recurred across clusters. Scalability under high device concurrency was the most
significant technical finding: the Cluster 1 Pilot 3 stress test identified a data-loss issue under full 50-
device concurrency, deferring validation of KPI-VSS-CL1-3.4 to the M25 re-evaluation, with
mitigation already underway. Operational robustness of the secure connectivity layer surfaced in
Cluster 3E, where expired VPN certificates disrupted edge-to-central connectivity immediately
before the demonstration and required an on-site fix. Physical deployment constraints required
adaptation in Cluster 2, where radar units were installed in non-ideal geometric configurations (non-
standard lane spans, sloped passages) — although the system nevertheless maintained continuous
24/7 detection without data loss. Access to operational industrial sites and stakeholders remained
the dominant constraint in Cluster 1, where each interaction with mining companies must be carefully
designed, leading the cluster to focus M18 engagement on conceptual and needs-oriented
validation. Industrial stakeholders in Cluster 1 also expressed a clear preference for secure on-
premises integration over direct cloud connectivity in operational-technology contexts, while
simultaneously valuing edge orchestration capabilities such as over-the-air updates.

Field accuracy of perception and Al services. Where pilots depended on machine-learning
inference under real conditions, Stage 1 established initial accuracy baselines that will be improved
through iterative retraining on field data ahead of the end-of-project targets. In Cluster 2, traffic-state
classification reached 80% and the traffic-jam false-positive rate stood at 20%, against end-of-project
targets of 95% and 5% respectively; Cluster 3A correspondingly carries planned improvements in
weed-detection accuracy and false-positive reduction across a second growing season. This is
consistent with the Al cold-start and training-data-maturation pattern documented in D4.1 and
confirms the value of the human-in-the-loop confirmation steps already embedded in the agricultural
intervention workflows.

Maturity of the measurement framework itself. Across clusters, the Stage 1 assessments in
Sections 3.1-3.5 confirmed that value creation is, by design, evaluated through KPI-linked proxy
evidence rather than by assigning separate numeric targets directly to each KVI, with realised
business, societal and sustainability impact assessed in later cycles as functionality, stakeholder
feedback and, where relevant, modelling inputs mature. The cycle also identified clear opportunities
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to strengthen the registers ahead of the intermediate evaluation — for example, harmonising
indicator definitions where a KPI currently restates its parent KVI (some Cluster 3E societal
indicators), and capturing baselines and comparators for the season-dependent flagship indicators
whose first measurement depends on a full operating cycle (Cluster 4 water-use efficiency and
profitability). This is constructive feedback to WP5 and to the D0.1 methodology — consolidating
indicator definitions and capturing baselines and comparators now — so that the intermediate and
final cycles can express the emerging value pathways with progressively quantified evidence.

3.6.3 Consolidated feedback to the development work packages

The following prioritised feedback items, consolidated from the Stage 1 pilot reports, are directed to
WP3 and WP4 to inform Development Cycle 2:

# | Priority

Addressed to

Feedback item

Source

1 | High

WP3  (Data
Management)

Resolve data loss under high device concurrency in the
ingestion pipeline (MQTT — broker — storage) and
introduce early validation of data-loss detection schemes
with mock data before full scenario execution. Re-
evaluation targeted at M25.

CL1 Pilot 3

2 | High

WP3 (SIF)

Harden the operational lifecycle of secure connectivity:
automated certificate validity monitoring and renewal,
and a standard pre-demo readiness checklist covering
connectivity verification, certificate validity, and overall
service health.

CL3E Pilot 1

3 | High

WpP4

Complete the integration of cluster applications into the
shared piloting environments: migration of UC1.1-1.3
workloads into the RISE edge-to-cloud environment
(building on the operational UC1.4 path), and
containerisation/orchestrated  deployment of the
remaining Cluster 2 services (traffic-jam detection, alert
and notification integration).

CL1, CL2 /

D4.1

4 Medium-
High

WP3
(DO/ESO)

Extend the validated zero-touch, event-driven ephemeral
service lifecycle (OpenSlice-instantiated pods with
automatic cleanup, demonstrated in CL2 Pilot 3) to
additional workflows and clusters, and continue
consolidating ESO-DO (HypO [3]-OpenSlice [4])
peering and catalogue synchronisation.

CL2 Pilot 3,

D3.1

5 Medium

WP3 (DM)

Consolidate the NGSI-LD data models and protocol
adaptation paths exercised in Stage 1 (Modbus TCP,
MQTT/mTLS, NB-loT, LoRaWAN, UAV imagery,
blockchain bridge) into reusable, documented integration
assets across clusters.

All clusters

6 Medium

WP3/WP4

Support flexible deployment models accommodating
both cloud-connected and on-premises industrial
infrastructures, reflecting stakeholder security
requirements in operational-technology environments;
prioritise edge device orchestration and management
capabilities (e.g., over-the-air updates) identified as
having significant operational value.

CL1

stakeholder
feedback
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7 | Medium WP3 (DO) / | Improve autoscaling sophistication beyond the basic | CL1 Pilot 1
WP4 queue-driven policy validated at M13 (refined detection
algorithms,  SLA-oriented thresholds), leveraging
ColonyOS blueprint and reconciliation mechanisms.

Each of these items maps onto a concrete development track already planned for Development
Cycle 2; the corresponding WP3 and WP4 actions, milestones and platform-release dependencies
are set out in Section 4.2.

3.7 PRELIMINARY LESSONS LEARNED AND FEEDBACK TO
DEVELOPMENT WPS

Stage 1 produced practical learning at four levels, summarised here and detailed per cluster in the
companion annex [2]. Technically, reusing proven orchestration platforms (ColonyOS, OpenSlice)
with an iterative approach reduced risk, and the zero-touch ephemeral-service pattern (Cluster 2)
and cross-site workflow transferability (Cluster 4) proved reusable across verticals — the cross-
cutting patterns are set out in Section 3.6. Operationally, long-running continuous testing exposed
defects invisible to short scenario tests (Cluster 1, with 99.9% measured availability), and the Cluster
3E certificate-expiry incident confirmed that demonstration readiness must be treated as a process
supported by a standard pre-demonstration checklist. At the stakeholder level, early engagement of
operators produced operationally grounded development directions — the Preveza demand-
response and methane-curtailment extensions, and Cluster 4 feedback that uptake depends on
integration with existing winery systems, user training and digital maturity. Methodologically, the DO.1
framework and the common Pilot Report Template produced comparable cross-domain evidence
while confirming the value of consolidating the KPI/KVI registers ahead of the intermediate cycle, as
described in Section 3.6.
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4 CONCLUSIONS AND NEXT STEPS

This deliverable has documented the first evaluation cycle of COP-PILOT: the methodological
foundations on which all piloting activity rests — the unified validation and evaluation framework of
DO0.1 and the common pilot planning, execution, and reporting toolset of WP5 — and the outcomes
of the Stage 1 pilots executed across the five clusters, including their execution narratives, initial
KPI/KVI measurements, stakeholder engagement, and lessons learned. Every cluster completed at
least one pilot under realistic or operational conditions, the first KPIl baselines were captured at the
initial (M17) evaluation milestone, and a consolidated, prioritised set of feedback items was directed
to the development work packages. These outcomes rest on the first-version platform delivered in
D3.1 and the cluster integration baseline reported in D4.1. This concluding section distils the results
into the key findings of the initial testing cycle and sets out the plan for the remaining evaluation
phases, through which pilot maturity will progress towards the intermediate evaluation at M25 and
the final evaluation at M33, reported in D5.2.

4.1 SUMMARY OF KEY FINDINGS

The initial testing cycle confirms that COP-PILOT has moved from architecture and integration
baselines to live, evidence-producing piloting across all five clusters. The most significant
achievements of Stage 1 are the following.

The first version of the COP-PILOT platform is operational and has been exercised by real
pilots. The five core components delivered under WP3 — the End-to-End Service Orchestrator
(ETSI HypO), the Domain Orchestrator (ETSI OpenSlice and ColonyOS), the Data Management
platform (FIWARE Orion-LD/NGSI-LD and Eclipse Arrowhead), the Secure Integration Fabric
(Openiti), and the Business Management Portal — were not merely integrated at platform level but
were used in operational pilot conditions: zero-touch ephemeral service provisioning in Valencia,
OpenSlice-deployed monitoring applications in Preveza, SIF-secured multi-site federation in the
Kilkis agricultural deployment, ColonyOS-driven auto-scaling demonstrated at the M13 project
review, and OpenSlice/Maestro-supported deployments in the Portuguese and Spanish wine-sector
pilots. As reported in D3.1, the ESO has been peered with the Domain Orchestrators of all five
clusters, yielding a functioning Pan-European service marketplace, and a first set of closed-loop
platform services has been defined and instantiated across mining, smart cities, agriculture, energy,
and sustainability use cases. In Cluster 1, ColonyOS services exposed through OpenSlice to the
Hyper Orchestrator brought UC1.4 to a maturity level enabling live demonstration of cluster-to-
platform integration.

Every cluster produced validated Stage 1 outcomes, several already quantified against target.
Cluster 1 demonstrated queue-driven auto-scaling with lossless scale-down (KPI-VSS-CL1-1.4),
collected initial values for the majority of UC1.2 KPlIs (including 99.9% system availability, 2,500-
message data-reception performance, and a 30-second alarm-detection latency), and demonstrated
geofencing and asset tracking to major industry stakeholders; the 50-device scalability scenario
(KPI-VSS-CL1-3.4) is scheduled for re-evaluation at M25 after a data-loss issue under full
concurrency was identified for resolution. Cluster 2 demonstrated continuous 24/7 multi-sensor
urban monitoring over public 5G with full system uptime and 100% delivery of automated waste-
collection alerts, with initial Al-perception accuracy measured (traffic-state classification at 80% and
false-positive rate at 20%, against end-of-project targets of 95% and 5%) and improvements
scheduled for Development Cycle 2. Cluster 3A validated the complete field-to-gate pipeline across
four use cases, including the full nine-step UAV-AI-UGV precision spraying workflow at Field Day
1, blockchain-attested traceability, and PowerFleet-coordinated harvest logistics, with integration
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established across 80% of fixed and 100% of moving domains and quantitative KPIs pending the full
growing season. Cluster 3E is the only cluster reporting quantified measurements across all three
value dimensions, with a flexibility-activation latency of ~600 ms (below the one-second
orchestration threshold of KVI-VSS-CL3E-1, progressing towards the 300 ms KPI target), flexibility-
estimation accuracy of ~75%, EV demand-forecasting accuracy of ~70%, and early biogas
profitability and downtime improvements of ~2%. Cluster 4 validated vineyard and winery workflows
at three events in two countries, reporting operational cost savings of 28.5% (against a 230% target),
90.9% user satisfaction (against 280%), full soil-health monitoring data retention and ground-
infrastructure reduction within target, and quantified winery benefits (waste 6.1%—2.9%, downtime
312—89 hours, 47.3 MWh/yr saved); its flagship water-use efficiency and profitability indicators await
a full irrigation season.

KPI baselining under the DO0.1 unified methodology has begun on schedule, with initial
measurements captured at the M17 evaluation milestone and reported per pilot in Section 3,
providing early proxy evidence for the associated KVIs; the corresponding realised-impact
assessment of the KVIs is foreseen for the subsequent evaluation phases, in line with the
methodology.

The consolidated focus areas for Development Cycle 2 — (i) ingestion-pipeline scalability under high
device concurrency, where the data-loss issue deferred validation of KPI-VSS-CL1-3.4 to the M25
re-evaluation with mitigation already underway; (ii) operational hardening of the secure-connectivity
layer; (iii) completion of cluster-application migration into the shared orchestrated environments; (iv)
evolution of autoscaling towards SLA-oriented and predictive mechanisms; (v) further field-accuracy
improvement through iterative retraining; and (vi) consolidation of the heterogeneous data-
integration assets — are set out, with their sources and priorities, in the consolidated feedback table
of Section 3.6. In parallel, the measurement framework will be consolidated as described there, and
stakeholder input continues to direct development towards flexible on-premises and cloud-
connected deployment models and edge-management features such as over-the-air updates.

4.2 PLAN FOR NEXT DEVELOPMENT CYCLES

The evaluation roadmap defined in DO.1 structures the remaining piloting activity around two further
milestones: the intermediate evaluation at M25 and the final evaluation at M33, the latter reported in
D5.2. These cycles are aligned with the WP3 platform roadmap towards the final release (D3.2) and
the WP4 integration roadmap (Integration Cycle 2 at M20 and Integration Cycle 3, reported in D4.2,
at M33). Pilot maturity is expected to evolve from the Stage 1 configuration — in which several pilots
operated on simulated devices, recorded datasets, partial functionality, and pre-production
environments — towards Stage 2 and Stage 3 configurations with increasingly complete, stable, and
integrated implementations, culminating in full system demonstrations with external stakeholders.

Cluster 1 (Mining). The second phase (August 2026 — January 2027) integrates the ThingWave
continuous testing into the RISE testbed and couples UC1.2 to UC1.4, with a new seismic sensor
demonstration in October 2026 and continued scalability and Arrowhead/ColonyOS integration
improvements driven by Stage 1 stakeholder feedback. The HOSCH-Predge pilot deploys its
hardware test bed, executes burst-load testing (KPI-VSS-CL1-3.3) and commissioning-automation
improvements (KPI-VSS-CL1-3.2), and re-evaluates the 50-device scalability scenario (KPI-VSS-
CL1-3.4) at M25 following resolution of the issues identified at M17. The auto-scaling pilot
progresses towards more sophisticated scaling policies during the intermediate phase, with
integration and validation in the full UC1.1 system demonstration in the RISE environment. The final
phase (April — September 2027) focuses on robustness of the Arrowhead/ColonyOS integration,
autonomous alarm generation across ThingWave sensors, full validation of all solutions, a joint

Co-funded by
the European Union © 2025-2027 COP-PILOT Page 48 of 52



D5.1: Outcomes of initial testing cycle and validation results l ‘ Coppl IOt

cluster demonstration around September 2027, and investigation of business models and go-to-
market strategies.

Cluster 2 (Valencia). The next cycle executes the two pending pilots (Pilots 4 and 5) and completes
the consolidated datasets and indicator calculations for Pilots 2 and 6. Development priorities carried
into the next cycle include improving traffic-state classification accuracy and reducing the traffic-jam
false-positive rate towards target, the firmware upgrade improving measurement variability and the
integration of meteorological data for dynamic sensing periods (UC2.1B), the final traffic-jam
detection container for orchestrated deployment (UC2.1A), integration of the fill-level monitoring with
the project alert and notification system together with long-term connectivity and battery assessment
(UC2.2), Kubernetes deployment and 5G slice management tests with OpenSlice for the maritime
use case (UC2.3), and completion of the smart-building and environmental-quality deployments
(UC2.4A/B).

Cluster 3A (AgriTech). Phase 2 (DEM #2, M21-M32) validates the learning effects between the
first and second demonstration campaigns: integration of antinutrient modelling outputs into the
FMIS recommendation layer and automated harvest-readiness notification (Scenario 1), improved
detection accuracy, reduced false-positive rate and extended coverage across a second growing
season (Scenario 2), public validation of the consumer QR traceability interface completing the field-
to-gate chain (Scenario 3), and outbound delivery optimisation to wholesalers and retailers (Scenario
4). This phase also introduces the OTE 5G Mobile Private Network at the Kilkis site and finalises the
Hyperledger Fabric—FIWARE traceability integration. Field Days 2 and 3 and Demo Day 1 — a full-
ecosystem public demonstration — are conducted within this phase, alongside second-season KPI
measurement. Phase 3 (M33-M36) delivers the fully integrated, multi-season demonstrations at
operational scale, including freshness-aware dynamic rerouting and end-to-end consumer
transparency from spinach parcel to retail shelf, with the third organisation onboarded onto the
traceability channel.

Cluster 3E (Energy). The second phase executes Cluster3E-Pilot-3 (UC#3E.1, grid flexibility
aggregation on the TTINET 5G testbed, M20 — September 2026) and Cluster3E-Pilot-4, the first
integrated cross-domain pilot federating the biogas and EV-charging domains into the grid flexibility
management layer (M23 — November 2026); the EV-charging domain (UC3E.2) completes physical
sensor and Jetson edge deployment, model retraining on live data, and end-to-end inference-latency
validation. The third phase culminates in Cluster3E-Pilot-5, the final end-to-end cross-domain
energy-management demonstrator (M33 — September 2027), involving all cluster partners and Open
Call participants. The stakeholder-driven extensions identified at the Preveza demonstration —
energy-aggregator integration for demand response and environmental curtailment monitoring —
provide operationally grounded directions for the application development in these phases.

Cluster 4 (Vineyards and Wine). The second phase deepens validation across the cluster branches
and strengthens cross-domain integration through further Terraview, JIG, RedZinc, and Nokia pilots,
alongside an integrated Cluster 4 pilot. The focus shifts from initial functionality towards scalability,
interoperability, orchestration, secure data exchange, and energy-aware operation in rural
conditions. UC4.1, which remained in preparation and integration during Stage 1, enters validation
jointly with the overall cluster workflow. A dedicated vineyard-level track will address energy
optimisation and the progressive deployment of Al-enabled services in small and fragmented
vineyard environments, including renewable-energy-dependent sites such as Matanza. The
objective is to validate a scalable and interoperable architecture that supports vineyard monitoring,
prediction, decision-making, and circular asset management under rural operating constraints. The
third phase delivers a fully integrated demonstration of the connected vineyards-and-wine
ecosystem, linking vineyard intelligence, winery planning, infrastructure and energy data, and
lifecycle information across the value chain.
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Consolidated actions for the development work packages. In parallel with the cluster roadmaps,
the prioritised feedback items consolidated in Section 3.6 are assigned to the development work
packages for Development Cycle 2. Within WP3, the final platform version (D3.1/D3.2) advances
Data Management ingestion-pipeline scalability and data-loss detection, the Secure Integration
Fabric productisation (automated certificate lifecycle, reusable service-exposure templates, richer
observability and operational hardening), the Domain Orchestrator 5G-Core and tailor-made
controllers (OTE network-slice management for Cluster 3E, Nokia Network-as-Code for Cluster 4)
with Al-native orchestration, and the End-to-End Service Orchestrator, Business Management Portal
and CI/CD enhancements. Within WP4, Integration Cycle 2 (M20) and Cycle 3 (D4.2, M33) complete
cluster-application integration into the shared orchestrated environments — notably the UC1.1-1.3
migration into the RISE edge-to-cloud environment and the containerised deployment of the
remaining Cluster 2 services — and expand the closed-loop service catalogue, including the HPA+
predictive autoscaler. Progress will be assessed at the M25 intermediate evaluation, with the
remaining cycles reported in D5.2 at M33.
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APPENDIX A: INDIVIDUAL PILOT REPORT SUMMARIES (CLUSTERS)

The complete individual pilot reports for all five COP-PILOT Clusters include full pilot descriptions,
objectives, roadmaps, expected outcomes, execution steps, setup and validation tools, stakeholders’
involvement, assessment plans, execution narratives, figures, showcasing, stakeholder feedback,
lessons learned, and detailed impact-assessment analyses. These extensive reports are provided
verbatim in a separate companion document titled “D5.1 Annex — Individual Pilot Reports” [2]. This
deliverable retains, for each cluster, the KPI/KVI result tables, the impact-assessment tables and
verdict, as well as a short results summary, while the full details are held in the annex.
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