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1. EXECUTIVE SUMMARY

This deliverable presents the IKIGAI Rulebook for Logistics Innovations (LIs), the primary analytical output of
WP1 Task 1.1 and the backbone through which the project translates evidence on barriers and enablers into
a structured basis for scaling LIs from isolated pilots to interoperable, Physical Internet (Pl)-aligned
solutions. As Component C1 of the IKIGAI architecture, it provides the analytical input to the Pl Norm, Pilots
Audit, PI Coalition, Twin Transition Genome and Impact Augmenter Kit, and introduces the Scale Readiness
Level (SRL) concept, which extends Technology Readiness Level assessment to commercial, regulatory,
societal and governance dimensions. The underlying analysis follows a four-phase methodology combining
LI-level mapping, literature-based consolidationinto 21 structural barrier families, procedure-level mapping
across the five LI contexts, and comparative synthesis of literature- and pilot-derived evidence.

Both streams converge on four universal barriers: digital interoperability and data standards, data
governance and trust, implementation complexity and digital capability gaps, and system integration and
infrastructure gaps. Together, these account for roughly 86% of the pilot-level corpus and constitute the
minimum viable intervention set for scaling.

Page 8 of 76



D1.1 Rulebook @'IKI,_G_A:IA

2. INTRODUCTION

This deliverable presents the Rulebook for Logistics Innovations (LIs), developed within WP1. It consolidates
the evidence, analyses, and insights identified regarding the barriers, enablers, processes, and strategic
dependencies that influence the ability of the LIs to scale across diverse logistics environments. Its ambition
is to define a coherent foundation for harmonised decision-making across technological, operational,
market, societal, and regulatory domains, enabling the project to articulate a credible and practical pathway
toward the wider adoption of zero-emission, collaborative, and digitally interconnected logistics operations
across Europe.

The Rulebook sets the Lls within their broader innovation ecosystem and characterises the constraints and
opportunities shaping their scale-up. In this way, the Rulebook contributes directly to IKIGAI’s mission to
facilitate the Twin Transition in logistics by ensuring that innovations are both operationally viable and
institutionally supported.

2.1 PURPOSE OF THE RULEBOOK

The Rulebook provides the methodological backbone for how IKIGAI approaches the scaling of Lls. It
consolidates the insights emerging from T1.1 into a coherent framework that not only summarises the
barriers and enablers affecting each LI, but also establishes a shared agenda for innovation,
standardisation, governance, and market adoption. It acts as an intermediary between the analytical work
carried out in WP1 and the subsequent development of standards, procedures, and governance
mechanisms across the later work packages.
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The Rulebook’s purpose is aligned with the architecture illustrated in Figure 1 (/KIGAI in a Nutshell). In this
architecture, the Rulebook corresponds to Component C1 and serves as the initial reference point for the PI
Norm (C2), the Pilots Audit (C3), the Pl Coalition (C4), the Twin Transition Genome (C5), and the Impact
Augmenter Kit (C6). By clarifying scaling requirements and priorities, it enables subsequent components to
build on a common basis. It also sets out guidelines and priorities for scaling up LIs by integrating market
needs, policy requirements, societal, and operational conditions. It identifies mandatory rules that must be
observed to ensure consistency and interoperability; “scalers,” which are factors that actively facilitate the
expansion of LIs; and “pain points,” which represent barriers that must be addressed for successful
adoption. It also establishes a realistic timeline for evolving LIs from their pilot phase into fully standardised,
system-level solutions governed by new Pl-compatible standards and procedures.

A defining feature of the Rulebook is the introduction of the Scale Readiness Level (SRL) concept. The SRL
framework extends beyond the conventional Technology Readiness Level by incorporating commercial
viability, market acceptance, regulatory alignment, societal uptake, and governance maturity. This
multidimensional assessment enables a more accurate and holistic evaluation of each innovation’s scale-
up potential. The Rulebook also underpins supporting tools such as the Pl Readiness Mapper and the CO,
calculator, which will be used to validate LI effectiveness in real-life TEN-T demonstrations.

2.2 PROJECT AND WP1 CONTEXT

IKIGAI is designed to accelerate the transformation of European logistics by addressing fragmentation,
inefficiencies, and the limited scalability of promising innovations. It does so through a combination of
harmonised operational models, interoperable standards, data-sharing mechanisms, and governance
approaches that collectively support the emergence of a Pl-compatible logistics ecosystem. Within this
broader ambition, WP1 provides the strategic and analytical framework for understanding how individual
innovations can evolve into globally applicable solutions.

WP1 has three core objectives: the first is to formulate a comprehensive innovation agenda that outlines
how collaborative logistics processes can be standardised and integrated with zero-emission technologies
and vehicles. The second is to identify the barriers and enablers that influence the scale-up of LIs, and to
define strategies for systemic change that reflect commercial, operational, technological, societal, and
regulatory realities. The third is to develop a holistic three-step impact assessment framework, together with
dedicated tools, that enables the evaluation of each LI’s maturity, efficiency, and adoption potential, moving
beyond technological readiness to encompass broader market and governance dimensions. The work
undertaken in T1.1 plays a central role in fulfilling these objectives, as it provides the analytical foundation
for T1.2 and for subsequent WP1 activities. T1.1 focuses on identifying and analysing the barriers and
enablers that affect the scaling of Lls across the partner logistics networks. The collaborative work carried
out by the consortium partners ensures that the analytical outputs reflect diverse operational, regulatory,
and societal perspectives.

Analytical contribution of T1.1 to the objectives of WP1

T1.1 establishes, in a structured and evidence-based manner, what enables or constrains the scaling of the
IKIGAI Logistics Innovations (LIs). Its role is not limited to documenting implementation obstacles observed
in the pilots. Rather, it converts dispersed operational, organisational, technical, regulatory, and economic
observations into a common analytical basis that can support replication, prioritisation, and later
standardisation. In this respect, T1.1 is the point at which scaling becomes an explicit object of analysis
rather than an assumed downstream consequence of pilot success.

IKIGAI does not only need to demonstrate that an innovation works under a given set of pilot conditions. It
must also determine whether that innovation can travel beyond the original site, under which conditions,
with which dependencies, and with what degree of adaptation. T1.1 therefore addresses the transition from
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proof of operational relevance to evidence on scalability. This shift is critical because the ability of a LI to
perform technically in a single setting does not in itself provide sufficient information about its replication
potential across different corridors, actors, governance arrangements, and market environments. A pilot
may function effectively while still depending on exceptional local conditions, informal coordination,
temporary institutional support, or non-transferable infrastructure arrangements. T1.1 is designed precisely
to surface these conditions and to make them analytically visible.

Within this framing, the task performs three closely connected functions: First, it identifies and structures
the barriers that affect the scaling of the five LIs addressed by the project. Second, it identifies the enablers
associated with these barriers and interprets them as scaling-enabling factors that can support broader
deployment. Third, it transforms both types of findings into an analyticalinput for the PI Rulebook and for the
readiness-oriented assessment logic developed later in WP1. Accordingly, the value of T1.1 lies not in
generating a descriptive inventory alone, but in establishing a robust basis for subsequent prioritisation,
standardisation, and assessment activities.

Before defining standardisation, scaling and readiness assessment can be formalised, the project must
determine what blocks or enables scaling across contexts. Without this analytical step, later outputs would
risk being either overly normative or insufficiently grounded in the realities of implementation. T1.1 therefore
establishes the evidentiary and basis for the subsequent WP1 outputs.

The contribution of T1.1is best understood in direct relation to the three objectives of WP1. The first objective
concerns the shift from the statement that an innovation works to the more demanding proposition that it
can bereplicated at EU scale. This objective requires the project to identify not only whether a given solution
performs under pilot conditions, but also which technological, operational, regulatory, market, and social
conditions determine whether that solution can move beyond its initial implementation context. T1.1
directly supports this objective by identifying and structuring those conditions in a comparative way across
the five LIs. In doing so, it makes scaling assumptions visible, testable, and comparable across pilots,
thereby enabling a transition from anecdotal or site-specific understanding to analytically supported
judgment.

The second objective of WP1 is to harmonise scaling criteria across Physical Internet (PI) development
pathways and Zero-Emission Logistics (ZEL) solution areas. This objective addresses a major risk of
fragmentation. If digital LIs are assessed independently of their environmental contribution, there is a risk
that technically sophisticated solutions scale without generating meaningful decarbonisation benefits.
Conversely, if green logistics solutions are promoted without sufficient attention to interoperability,
governance, or data-sharing conditions, they may remain locally promising but systemically fragile. T1.1
contributes to this objective by creating a common analytical language through which these different
dimensions can be examined together. It does so by applying a shared barrier and enabler framework across
all LIs, while preserving traceability to the specific LI, process, and procedure in which each issue emerges.
This makes it possible to assess Pl and ZEL pathways jointly rather than as parallel and weakly connected
agendas.

The third objective of WP1 is to support prioritisation. Not all innovations should scale at the same pace,
through the same mechanisms, or under the same governance arrangements. Some innovations may be
close to broader uptake but blocked by specific standards-related gaps. Others may offer strong long-term
value but still require substantial institutional, operational, or market maturation. T1.1 supports this
objective by identifying where the main pain points are concentrated, which enabling conditions appear
recurrently across contexts, and which innovations are likely to require more staged or conditional pathways
to scale. In that sense, the task contributes directly to the formulation of a priority-based agenda capable of
answering four fundamental questions for WP1: what should scale first, where it should scale, under which
conditions it should do so, and with which actors such scaling is most plausible and effective.
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These three objectives are analytically interdependent and are jointly addressed through the structured
understanding of scaling conditions developed in T1.1. The first establishes the need to move from pilot
performance to scalability assessment. The second ensures that this assessment is conducted through a
harmonised lens that integrates Pl and ZEL requirements. The third translates that harmonised assessment
into prioritised action. T1.1 contributes to all three by converting literature-derived and pilot-derived
evidence into a structured understanding of scaling conditions. Its outputs should therefore be read as the
first operational step in constructing the Rulebook and the broader WP1 logic.

Scope and internal logic of T1.1

T1.1focuses on the five LIs of the IKIGAI project and analyses their barriers and enabling conditions at the
level of LI, process, and procedure. This LI-Sx-Px anchoring is essential because the project does not seek a
generic or abstract discussion of LI. It seeks to understand how specific innovations encounter scaling
constraints within identifiable operational contexts, and how these constraints can be interpreted
comparatively across the portfolio of innovations.

The task therefore operates through a combination of system-level framing and process-level traceability.
At the system level, it seeks to identify recurring patterns of barriers and enablers that are relevant to
collaborative logistics, Pl alignment, and zero-emission transition. At the process level, it preserves the
exact location where such patterns arise, namely within particular LI processes and procedures. This dual
structure is necessary because neither level alone would be sufficient. A purely systemic account would
lose the operational specificity needed for actionable conclusions. A purely process-specific account would
remain fragmented and would not produce the common analytical basis required by WP1.

For this reason, the task is organised around five analytical domains: technological, operational, regulatory
and policy, market and economic, and societal and organisational. These domains are used as a priori
organising lens. They do not replace the barrier families developed from the underlying corpus but provide a
higher-level structure through which these families can be interpreted consistently. This distinction is
important. Barrier families capture recurring structural constraints, such as platform and system integration
complexity, lack of trust among stakeholders, regulatory fragmentation across jurisdictions, or weak or
uncertain business cases. The five domains provide the broader analytical categories within which these
families can be discussed and compared. The domains thus serve interpretive clarity, while the families
preserve semantic precision and traceability.

Within this structure, enablers are identified in relation to the barriers they address and are treated as
scaling-enabling factors. This terminology is deliberate. The intention is not simply to list remedies or
isolated good practices, but to identify those recurring conditions, mechanisms, and arrangements that can
facilitate replication and broader uptake across contexts. These factors will later feed T1.2, where they will
support the prioritisation and formalisation of the Pl Rulebook. At the level of T1.1, however, they remain
analytical findings rather than prescriptive rules.

T1.1 as input to the WP1 outputs

The linkage is substantive rather than formal. The barrier families identified in this task provide the structured
representation of what hinders scaling across the Lls. The scaling-enabling factors provide the structured
representation of what may facilitate such scaling. Together, they provide the analytical input for the PI
Rulebook and for the readiness assessment logic developed later in the WP1.

In relation to the Rulebook, T1.1 contributes by identifying the pain points that require prioritised attention
and by clarifying the conditions under which those pain points can be addressed. This means that the
Rulebook does not begin from abstract standardisation logic. It begins from a grounded understanding of
where scaling breaks down, why it breaks down, and what kinds of enabling conditions recur across pilots
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and literature. T1.1 therefore helps ensure that the Rulebook speaks to actual interdependencies in logistics
systems rather than to idealised models of adoption.

In relation to the readiness-oriented outputs of WP1, T1.1 contributes by creating the conceptual bridge
between observed barriers and the dimensions that will later be assessed through the Scale Readiness Level
framework and the Pl Readiness Mapper. This bridge is essential because readiness cannot be meaningfully
assessed without a prior understanding of the types of constraints that shape adoption and replication. T1.1
thus provides the evidence base from which later assessment dimensions can derive their practical
meaning.

Taken together, these contributions show that T1.1 is preliminary in sequence, but not in significance. . It is
the step that turns heterogeneous evidence into a structured basis for action across the rest of WP1. This
analytical output directly informs the identification of pain points and scaling-enabling factors, which are
subsequently formalised as scalers and prioritisation elements within the Pl Rulebook under T1.2.

T1.2 as input to the WP1 outputs

Building on T1.1's barrier and enabler evidence base, T1.2 formulates the IKIGAI Innovation Agenda by
translating the identified enabling conditions into formal scalers, prioritised interventions and a sequenced
timeline for evolving Lls from pilot implementation toward Pl-compatible, system-level deployment. Its
outputs feed directly into the Rulebook's scaling conditions and into the readiness-assessment logic
operationalised through the Scale Readiness Level framework and the Pl Readiness Mapper developed in
subsequent WP1 activities.

2.3 RELATIONSHIP OF WP1 WITH THE OTHER WPS

The analytical value of T1.1 extends beyond WP1 because its findings are designed to inform several
subsequent WPs. These interdependencies are not secondary. They are part of the reason why WP1 must
begin with a structured analysis of barriers and enabling conditions rather than with isolated pilot
descriptions or generic scaling recommendations.

The firstand most direct linkage is with WP2, which addresses PI Norm and standardisation. The relationship
between the two WPs is complementary and sequential. WP1 identifies where standardisation is needed
and why. It determines where lack of standards, fragmented procedures, incompatible data structures, or
unclear governance arrangements block scaling. WP2 responds by addressing how such standardisation
can be specified, refined, or implemented through the PI Norm. In this respect, WP1 provides the problem
diagnosis and prioritisation logic, while WP2 provides the normative and technical response. Without the
analytical work of WP1, standardisation efforts would risk being detached from the actual constraints
affecting the scaling of the LIs. Without WP2, the insights of WP1 would remain diagnostic and would lack
an implementation pathway for formal standardisation.

A second key linkage is with WP3, which covers pilots and demonstrations. The relationship here is
recursive. WP3 provides empirical evidence about how innovations behave in practice, including where
frictions emerge in real operations, how actors coordinate, and which assumptions hold or fail under pilot
conditions. WP1 interprets this evidence through a scaling lens, transforming site-specific observations into
structured insights about replicability, interdependence, and readiness. Without WP3, WP1 would risk
remaining overly theoretical or literature-driven. Without WP1, WP3 would remain largely site-specific, with
limited capacity to generate transferable knowledge across pilots. The two WPs therefore form a feedback
loop inwhich demonstrations provide operational evidence and WP1 translates that evidence into a broader
scaling logic.

The third linkage is with WP4, which concerns the Twin Transition Genome and governance. Here the
contribution of WP1 is to provide the prioritised scaling logic that WP4 can then express structurally in

Page 13 0f 76



D1.1 Rulebook @'IKI,GAI-

governance models, roadmaps, and longer-term transition pathways. If WP1 answers which innovations
should scale first, where, under what conditions, and with which actors, WP4 uses that analytical basis to
articulate broader transition architectures. In that sense, WP1 functions as an analytical input to the Twin
Transition Genome, while WP4 provides its structural and policy-oriented expression. The relationship is
therefore one of translation from prioritised analytical insight to long-term governance and pathway design.
A fourth linkage concerns WP5, which addresses impact, uptake, and dissemination. T1.1 contributes to
WP5 by clarifying which innovations are most ready to be promoted, under which conditions, and to which
audiences or territories such promotionis most relevant. Thisis animportant distinction. Dissemination and
uptake should not be generic or evenly distributed across all innovations regardless of maturity or systemic
value. The analysis in WP1 supports a more selective and strategic approach by identifying which
innovations show stronger readiness and scaling potential, and which ones still depend on substantial
technical, organisational, or policy-related conditions before broader promotion s justified. In this way, WP1
helps ensure that dissemination and uptake efforts are evidence-based rather than uniform.

Finally, WP1 is linked to WP6, which addresses management, quality assurance, and risk. The findings of
T1.1 contribute to this WP by identifying scaling-related risks, dependencies, and structural bottlenecks that
need to be reflected in quality control and risk-management activities. In particular, WP1 feeds relevant
information into the Expanded Failure Modes and Effect Analysis framework by clarifying where scaling may
fail, under which conditions dependencies become critical, and which barriers are likely to have cross-
cutting consequences across multiple innovations. WP6, in turn, ensures consistency, traceability, and
quality control in how these issues are monitored and managed across the project.

These interdependencies show that T1.1 performs a bridging role across the project by connecting pilot
evidence, standardisation needs, governance design, uptake strategy, and risk management.

2.4 IKIGAI OutPuTs MAPPING TO GA COMMITMENTS

Table 1. Deliverable Adherence to GA Deliverables and Work Description

IKII(::rInGA IKIGAI GA Item Description ChaI;tF:ar(s) Justification

D1.1 Includes guidelines and priorities for scaling up Lls, | All
addressing market, societal and policy barriers

Task 1.1 Mapping Lls scaling barriers and enablers. T1.1 will | 3-7 T1.1 is operationalised through the
identify and analyse the barriers and enablers for the four-phase methodology in Section 3
Twin Transition and scaling of LIs within the partners and its outputs (3.4-3.7): Ll-partner
logistics networks. It will identify trust-building mapping of 114 barrier-enabler entries,
measures and innovation catalysts. Technological and literature-based consolidation into 21
operational challenges, such as digital and physical barrier  families, procedure-level
interoperability, regulatory constraints, and social mapping across all LI contexts, and
factors impacting collaboration, providing insights into comparative synthesis validating the
enhancing logistics efficiency and advancing barrier families as the analytical unit for
decarbonisation efforts. Data analysis and cutting- the Rulebook.
edge technologies will highlight strategies to address,
with final validation through an online consultation with
pilot stakeholders (M8).

Task 1.2 Innovation agenda and scaling factors. T1.2 will deliver | 8-10 T1.2isreported in Sections 8-10, which
a strategic scaling mechanism for advancing the Lls translates the T1.1 evidence into the
across the ZEL/PI Roadmaps by eliciting processes that strategic scaling mechanism, identifies
needs to be optimised and standardised. It will identify factors accelerating scale-up, and
the factors that can accelerate the scale-up of documents the online consultation and
impactful innovations. Due consideration will be given partner validation that underpin the PI
to incorporating best practices that have a great Rulebook scalers.
potential to be widely adopted as standards across
supply chain networks and associated “scalable
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paths”. ALICE will share knowledge from relevant
projects and initiatives and FIT, will define the scaling
mechanism to ensure the efficient implementation and
expansion of these innovations. The result of this task
will be the Pl Rulebook (endorsed by all partners in
T1.2), outlining the factors and steps for achieving
significant advancement (from innovation to buyable
solutions and replication). All target groups will be
involved the definition of the agenda through surveys,
in-depth interviews, workshops and 2 roundtables.
Results will feed the impact assessment framework. All
Lls partners and WP Leaders will validate the scaling-
up mechanism.

3. Methodological Approach

The analytical approach of T1.1 follows a four-phase iterative process that combines practitioner evidence
with systematic literature analysis. Each phase builds directly on the outputs of the previous one, ensuring
that the empirical material from the IKIGAI Logistics Innovations (LIs) and the broader academic and grey
literature are treated as complementary and mutually informing evidence streams rather than parallel and
independent analyses. The figure below illustrates the overall process.

Phase 1 Phase 2
Initial LI input . Literature review

and analysis

\ 4

Phase 4 Phase 3
Comparative Process and
Analysis and Procedure Level

Synthesis Mapping

Figure 2. Four-phase analytical approach of T1.1

Phase 1: Initial Barrier and Enabler Mapping by LI Partners

In the first phase, structured inputs were collected directly from the five LI teams. Each team was asked to
identify the barriers that constrain the implementation and scaling of their innovation, and the enabling
conditions or mechanisms that could address those barriers. This input was collected through a
standardised template that ensured comparability across LIs while preserving the operational specificity of
each context. This first-phase dataset served two purposes: it provided a substantive empirical starting point
grounded in real pilot contexts, and it generated the thematic vocabulary that would be used to structure the
subsequent literature search.

Phase 2: Literature Review and Barrier Family Identification

The second phase used the outputs of Phase 1 as the analytical foundation for a systematic literature review.
The barrier themes and categories identified by LI partners were translated into a set of neutral keyword
clusters, which were then used to structure a desk research process across academic publications,
conference proceedings, EU-funded project deliverables, and grey literature sources. A corpus of 273
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unique documents was assembled through an iterative search and screening process informed by these
clusters. Barrier extraction was conducted using a structured template applied uniformly across all
documents. Following extraction, the dataset was cleaned, harmonised, and coded against the four
analytical domains. Duplicate identification was performed in two stages, covering exact matching and
cosine similarity-based approximate matching, before barriers were grouped into thematic clusters through
unsupervised text vectorisation and clustering techniques implemented in R, with subsequent expert
validation. This process resulted in the identification of 21 barrier families, each representing a recurring
structural constraint type observed consistently across multiple documents and contexts. Concentration
analysis including Herfindahl-Hirschman Index calculation, domain co-occurrence analysis, and Jaccard
similarity measurementwere applied to characterise the distribution, interdependencies, and multi-domain
nature of the identified families. Each barrier family was also mapped to a set of scaling-enabling factors
derived from the enabler fields recorded during extraction, establishing a direct analytical link between
constraints and the conditions that can mitigate them.

Phase 3: Process and Procedure Level Barrier Mapping by LI Partners

In the third phase, LI partners were asked to provide a more granular layer of barrier analysis, moving beyond
the LI-level overview collected in Phase 1, and building on the results of Phases 1 and 2.provide with results
of Phase 1 and Phase 2. This followed an online workshop with all LI representatives (online consultation
M8), where structured templates and results of Phases 1 2 where communicated. Each team mapped
barriers and enablers at the level of individual services (Sx), processes (Px), and procedures, following the
LI-Sx-Px anchoring framework used throughout WP1. This phase produced 21 procedure-level barrier entries
across the five Lis’ contexts, with each entry covering the five barrier categories. The finer granularity of this
input served to anchor the abstract constraint patterns identified in the literature review to specific
operational steps and governance moments within each pilot, making the analysis directly actionable for
pilot design, process standardisation, and readiness assessment. It should be noted that at this phase LI3
comprised two distinct operational contexts (LI3A and LI3B) that are treated separately in the procedure-
level analysis.

Phase 4: Comparative Analysis and Synthesis

The fourth phase brought together the findings from the three preceding phases into a structured
comparative analysis. The barrier families identified through the literature review were mapped against the
barrier profiles submitted by LI partners at both the Ll level (Phase 1) and the procedure level (Phase 3), with
the aim of identifying areas of convergence and divergence between the theoretical evidence base and the
operational practitioner perspective. Areas of convergence, where LI partner inputs independently
confirmed patterns identified in the literature, strengthen confidence in the identified barrier families as
structurally robust constraint mechanisms applicable beyond specific pilot contexts. Areas of divergence,
where LI input revealed constraint dynamics, sequencing dependencies, or contextual specificity not visible
in the generic literature, highlight the analytical value added by grounding the analysis in actual pilot
operations, and flag where the literature needs qualification or refinement. The synthesis of these four
phases provides the empirical and analytical foundation for the barrier families, the scaling-enabling
factors, and the readiness dimensions that flow into the subsequent components of WP1, including the
Rulebook scaling conditions and the Scale Readiness Level framework.

The methodological focus has been on structured documentary inputs from partners via the LI barrier
analyses and the Rulebook templates described above. These documents effectively capture expert
judgementfrom Ll leaders and technical partners in a written form, providing a rich qualitative evidence base
without yet requiring dedicated synchronous engagement activities. This does not mean that interactive
stakeholder engagement is absent from the overall WP1 methodology; a subsequent validation and
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refinement stage is planned for M12, aiming to verify and enrich the Rulebook’s findings with broader
stakeholder perspectives.

Results are presented per phase in the following chapters and the Annex.

4. Phase 1- Barriers and Enablers per Domain

4.1

BARRIERS

Across the five Lls, 114 barrier and enabler entries were recorded. The entries were organised along five
analytical domains, namely technological, operational, regulatory and policy, market and economic, and
social and organisational, providing an initial cross-domain picture of the constraintand enabling landscape
as experienced by practitioners. Consolidated results are presented below.

Technological

Operational

Regulatory & Policy

Table 2. Barriers identified by LI teams

Market & Economic

Societal &

LI1 Online and offline trustee matchmaking and volume pooling for electrification and increased intermodality

Organisational

Lack of interoperability
between systems and
platforms; Lack of
interoperable data
standards; Poor data
quality, timeliness and
reliability; Security,
privacy and
confidentiality
concerns; Scalability
and performance
issues; Limited digital
infrastructure and
connectivity

Complexity
integrating new
technologies
with existing
workflows;
Fragmented and
non-
standardised
operational
workflows

Unclear liability and risk
allocation; Regulatory
uncertainty
(competition/antitrust);
Fragmented regulations
across regions; Slow
adaptation of regulatory
frameworks; Misaligned
incentives or subsidies

High initial
investment costs;
Uncertainty about ROI
and scalability;
Market fragmentation;
Lack of critical
mass/network
effects; Unclear value
proposition; Existing
long-term contracts

Lack of trust and
collaboration;
Resistance to change
and organisational
inertia; Misaligned
incentives and
priorities; Limited
digital skills and
internal capacity; Fear
of opportunism; Low
awareness of pooling
benefits; Change
fatigue

LI2 eFTI compliance Collaborative Service Platform for SMEs

Legacy systems and
heterogeneous SME
digital maturity; Limited
digital readiness of
SMEs; Fragmented data
formats and IT systems;
Incomplete or low-
quality operational
data; Difficulty
synchronising
multimodal schedules;
Data sharing and
confidentiality
concerns

Fragmented
operational
workflows; High
coordination
complexity
across actors;
Inefficient
loading and
planning
processes

Slow and uneven adoption
of eFTI Regulation; Lack of
harmonised national
procedures for digital
freight documents; Unclear
responsibilities for data
validation and liability;
Complex port regulatory
environments; Regulatory
hesitancy towards real-
time data exchange;
Inconsistent acceptance of
digital documentation

Fragmented SME-
dominated markets;
High coordination
costs; Uncertain
demand for
collaborative
services; Lack of
incentives for greener
or multimodal
transport; Volatile fuel
prices and inflation;
Market distrust
toward new digital
platforms

Resistance to change
among operators and
staff; Limited
awareness of
collaborative logistics
benefits; Fragmented
communication
between stakeholders;
Lack of trust between
competing actors;
Workforce skill gaps;
Organisational silos
within companies

LI3 Smart and synchromodal hubs for hyperconnected urban logistics (IN

LAND)

Different
pallet/container
standards; Limited
availability of
standardised micro-
containers;

Difficulty
synchronising
multimodal
operations;
Restricted urban
space for hubs

Urban logistics regulations
and permitting constraints;
Fragmentation across
transport modes; Slow
rollout of AFIR
charging/refuelling

High upfront costs of
zero-emission fleets;
Limited financing
options for small
operators; Uncertain
ROI for shared micro-

Culturalresistance to
modal shift;
Reluctance to share
operational data; Fear
of losing competitive
advantage;
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Technological

Operational

Regulatory & Policy

Market & Economic

Societal &

between barge, bike
and hub equipment;
Fragmented IT systems
across LSPs and
municipalities; Limited
real-time data
exchange; Non-
interoperable locker
systems

Compatibility issues

and lockers;
Network
management
complexity;
Cold-chain
operational
rigidity

infrastructure; National
labour law constraints

hubs and lockers;
High operational and
infrastructure costs

Organisational
Fragmented priorities
across municipalities;
Acceptance
challenges among
citizens and operators

LI4 Intelligent, standard

end-to-end chain of custody for carbon emission

calculation

Lack of trust in current
emission reporting
systems; Limited

High complexity
of international
custody chains;

Unclear regulatory
acceptance of new
accounting methods;

Unclear business
incentives for
adoption;

Resistance to moving
away from default
emission factors; Low

access to primary fuel Continuous Fragmented governance of | Compliance and data literacy across
data; Risk of fraud or monitoring carbon accounting implementation costs | actors

data manipulation; burden frameworks

Fragmentation of

standards

LI5 Open volume pooled governance for reusable standard modular boxes

Lack of interoperability
between systems and
warehouse setups
across countries; High
dependency on
automation and digital
tools; Integration
challenges with legacy
systems and scanners

Inconsistent
palletising and
packaging
practices; Dual
line-up
complexity;
Limited pilot
infrastructure
and equipment

Legal uncertainty around
ownership, liability and
data sharing; Existing
contracts and national
regulations hindering
pooling; Lack of
harmonised procedures
across countries

Unproven business
models for reusable
packaging; Cost of
automation and
digital upgrades; Risk
of market
fragmentation if pilots
are not harmonised

Lack of trust among
stakeholders;
Resistance to
behavioural change;
Limited stakeholder
engagementin
process redesign

4.2

ENABLERS

Technological and Operational Enablers

The technological and operational enablers identified across all five LIs converge on three interconnected
mechanisms. First, the adoption of open, interoperable standards and APIs, including GS1 data models,
eFTl-compliant data schemas, and federated data space architectures, is consistently cited as the
foundational lever for resolving system fragmentation and enabling seamless data exchange across
heterogeneous platforms. Second, modular and phased implementation strategies, including scalable
architectures, digital label activation alternatives, and low-tech fallback options, are highlighted as
essential for managing integration complexity and ensuring inclusivity for SMEs and actors with limited
digital maturity. Third, real-time data infrastructure (encompassing loT-enabled telematics, data streaming
layers, advanced multimodal routing algorithms, and blockchain-based custody chains) is identified as
enabling both operational coordination and the transparency required for emissions reporting and
collaborative logistics. Across LIs, the recurring enabling theme is the shift from closed, proprietary systems
toward shared, standards-based digital environments that lower the cost of participation without requiring
all actors to reach the same level of technological readiness simultaneously.

Regulatory and Policy Enablers

The regulatory and policy enablers identified in the tables reflect a dual dynamic of clarification and
harmonisation. At the EU level, the eFTI Regulation and its associated delegated and implementing acts are
the most prominently cited lever, providing momentum for digital freight documentation, clearer role and
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liability definitions, and a compliance framework that simultaneously creates obligations and removes
ambiguity for early adopters. The EU Data Act, Data Governance Act, and Green Deal policy frameworks are
identified as enabling structured and rights-based data sharing across supply chain actors, reducing the
legal uncertainty that inhibits voluntary participation. At the cross-border and multimodal level, harmonised
regulatory frameworks, including alignment with TEN-T corridor policies, AFIR charging infrastructure
requirements, and national SUMP and SULP integration, are cited as enabling conditions for deploying
shared infrastructure such as charging points for barges and e-vans. At the governance level, safe-harbour
guidelines, standardised legal templates for consortium agreements, and neutral trustee arrangements are
identified as tools for managing competition law sensitivities and liability allocation without requiring
comprehensive bilateral negotiation for each collaboration arrangement. The common thread across all LIs
is that regulatory enabling is most effective when it reduces ambiguity rather than adding compliance
requirements.

Market and Economic Enablers

The market and economic enablers identified reflect the need to de-risk innovation participation for actors,
particularly SMEs, who face high upfront costs and uncertain returns. The most frequently cited
mechanisms are public-private co-investment schemes, green loans, leasing models, and EU and regional
SME vouchers for digital adoption, all of which reduce the financial barrier to entry without requiring actors
to commit to long-term obligations before value is demonstrated. Phased pilot deployment is consistently
framed as an economic enabler in its own right: by generating evidence of measurable cost savings, load
factor improvements, and reduced coordination overhead within bounded pilot contexts, it shifts the ROI
calculation from speculative to evidence-based and attracts subsequent participants. Collaborative
platforms that bundle matchmaking, routing optimisation, and eFTI compliance services reduce the per-unit
coordination cost for individual SMEs and introduce new revenue streams through shared asset and
warehouse arrangements. The involvement of credible consortium partners, including port authorities, GS1,
and established logistics operators, is also cited as an economic enabler by reducing market uncertainty
and increasing platform sustainability confidence. Across LIs, the pattern is one of staged economic de-
risking: demonstrate value first at low cost, then scale participation.

Social and Organisational Enablers

The social and organisational enablers form the most heterogeneous category, reflecting the diversity of
behavioural and relational barriers. Governance transparency (through neutral trustee roles, standardised
KPI frameworks, benefit-sharing agreements, and role-based data access) is the most consistently cited
mechanism, operating directly against the trust deficits and fear of opportunism that inhibit data sharing
and horizontal collaboration. Co-design and stakeholder engagement processes are identified as enablers
of organisational buy-in, particularly in contexts where operational staff and middle management bear the
implementation burden of new digital workflows without necessarily perceiving the benefits. Training,
simplified user interfaces, and phased onboarding programmes are cited across Lls as essential for
addressing digital skill gaps and reducing resistance from logistics personnel accustomed to manual
processes. Awareness campaigns, citizen engagement initiatives, and pilot demonstrations with visible
operational benefits are identified as tools for shifting cultural attitudes toward modal shift, shared
infrastructure, and collaborative logistics models. Reputation and performance monitoring systems are
cited as mechanisms for sustaining collaboration over time by creating accountability without requiring
centralised enforcement. The overarching enabling logic in this domain is one of gradual confidence-
building: replacing perceived risk with demonstrated, visible, and fairly distributed benefit.
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5. Phase 2 - Literature Review & Analytical Framing

5.1 METHODOLOGICAL APPROACH

This section details the literature-review component of the four-phase methodology introduced in Section
3, focusing on evidence-base construction, coding, consolidation and structural analysis..

The analysis is organised through a predefined analytical lens consisting of four domains: technological and
operational, social and organisational, regulatory and policy, and market and economic. These domains are
defined a priori and applied consistently across all stages of the methodology. They reflect the
multidimensional nature of logistics transitions, capturing constraints related to infrastructure and systems,
coordination and behaviour, institutional frameworks, and economic feasibility. Barriers are allowed to span
multiple domains, reflecting the interdependent nature of transition processes. Rather than imposing an
additional domain, cross-domain effects are identified empirically through interaction analysis.

The initial set of 114 barriers identified across LIs was not directly analysed in this task, but was used to
inform the construction of keyword clusters for the literature search, ensuring alignment between project-
specific observations and the broader evidence base. These barriers are notincorporated into the analytical
dataset. Their role is to ensure that the documentary corpus reflects implementation-relevant challenges
while maintaining analytical independence. Through a translation process, these barriers were converted
into neutral keyword clusters aligned with academic and policy terminology, guiding the structured desk
research process.

Table 3. Example of mapping of LI-derived barriers to keyword clusters used for literature search

Indicative barrier theme Derived keyword cluster Analytical purpose

Data sharing and trust | data sharing, data governance, trust, | Identification of governance and

limitations logistics data ecosystems collaboration constraints

Interoperability and | interoperability, system integration, APIs, | Coverage of technical and architectural

integration challenges digital logistics platforms barriers

Implementation complexity implementation barriers, system | Identification of operational constraints
complexity, digital transformation logistics

Regulatory uncertainty regulation, compliance, policy frameworks, | ldentification of institutional barriers
eFTI

Weak economic incentives business models, investment risk, cost- | Coverage of market and financial constraints
benefit LI

Coordination challenges | collaboration, stakeholder alignment, | Identification of organisational barriers

among actors horizontal logistics

5.1.1 EVIDENCE BASE CONSTRUCTION AND BARRIER DATASET DEVELOPMENT

The empirical foundation of the analysis is a documentary corpus comprising 273 sources identified through
structured desk research. The corpus includes peer-reviewed articles, conference proceedings, books,
policy reports, and Horizon project deliverables. The inclusion of implementation-oriented sources ensures
that the analysis captures both conceptual and applied dimensions of logistics transitions.

Documents were identified iteratively using the keyword clusters derived from Ll-informed themes.
Throughout this process, document metadata were recorded and managed in Excel, enabling systematic
tracking, filtering, and removal of duplicates. The resulting corpus provides a balanced and comprehensive
evidence base. The full list of reviewed documents is provided in the Annex.

Barrier extraction was conducted manually using a structured template implemented in Excel. Each barrier
was recorded as a distinct analytical unit, preserving the original formulation from the source alongside a
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short interpretative description and associated metadata. This process resulted in an initial dataset of
approximately 1,800 barrier observations. Treating barriers as the primary unit of analysis ensures that the
methodology captures the full granularity of reported constraints and avoids distortions associated with
document-level aggregation.

Following extraction, the dataset underwent a structured cleaning and harmonisation process. Barrier titles
were standardised through lowercasing, trimming, and removal of formatting inconsistencies. Duplicate
entries resulting from repeated extraction were identified and consolidated, while maintaining links to
original sources. The dataset was then exported in CSV format and processed in R, enabling the application
of analytical techniques that extend beyond spreadsheet-based capabilities. This combined use of Excel
and R reflects a deliberate methodological choice, where Excel supports traceability and structured data
management, and R supports computational analysis and text processing.

5.1.2 DOMAIN CODING, INTERACTION ANALYSIS, AND SIMILARITY-BASED CONSOLIDATION

Each barrier was manually coded according to the four analytical domains. Barriers were allowed to belong
to multiple domains, and these assignments were recorded in a structured format enabling both descriptive
and relational analysis. Initial descriptive analysis was conducted in Excel using pivot tables to examine the
distribution of barriers across domains and the prevalence of multi-domain constraints. This step provides
an initial indication of the structural complexity of the dataset.

Forinteraction analysis, the dataset was processed in R, where domain assignments were decomposed into
binary indicators. To avoid bias from repeated observations within the same source, barriers were
aggregated at the document level, ensuring that each document contributes at most one instance of each
domain. Based on this representation, a domain co-occurrence matrix was constructed, capturing how
frequently different domains appear together within the same documentary context.

To refine these relationships, the Jaccard similarity coefficient was computed, providing a normalised
measure of domain interaction. This allows the analysis to move beyond frequency counts and identify
structuralinterdependencies between technological, organisational, regulatory, and economic constraints.
In parallel, barrier texts were processed using text vectorisation techniques (based on term frequency-
inverse document frequency weighting), enabling similarity-based analysis. Cosine similarity was computed
between barrier texts to identify semantically similar observations. A similarity threshold was applied to
detect candidate duplicate barriers, which were then manually reviewed in Excel. This combined
computational and manual procedure ensures that semantically equivalent barriers are consolidated while
preserving conceptual distinctions.

Following duplicate consolidation, similarity relationships were used to identify clusters of semantically
related barriers. Clustering was performed in R and subsequently validated through manual inspection to
ensure semantic coherence and interpretability. Based on this process, representative labels were assigned
to each cluster, forming barrier family seeds that capture the underlying constraint mechanisms. This
process ensures that barrier families reflect empirically grounded and recurrent constraint mechanisms
rather than arbitrary grouping, thereby preserving both semantic coherence and analytical validity.

5.1.3 CONSTRUCTION AND STRUCTURAL ANALYSIS OF BARRIER FAMILIES

Each barrier in the dataset was assigned to one of the identified families through a combination of similarity-
based matching, keyword alignment, and manual validation. This resulted in a consolidated dataset
structured around 21 barrier families, which constitute the primary analytical output of the methodology.

A barrier family dataset was constructed in Excel, aggregating information on barrier counts, associated
documents, and domain coverage for each family. This aggregation enables the analysis to move from
individual barrier observations to a system-level understanding of constraint structures.
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Quantitative analysis was conducted to examine the distribution of barriers across families. This includes
the calculation of the share of each family within the overall corpus, cumulative distribution measures, and
the Herfindahl concentration index, which provides an indication of structural concentration. These
indicators allow the identification of dominant constraint mechanisms and the extent to which barriers are
concentrated within a limited number of families.

In parallel, category composition analysis was conducted to examine the internal structure of each family.
This analysis calculates the distribution of domain assignments within each family, enabling the
identification of families that are domain-specific and those that span multiple domains. This distinction is
critical for understanding whether constraint mechanisms are isolated or systemic in nature.

5.1.4 METHODOLOGICAL ROBUSTNESS AND LIMITATIONS

The methodology combines manual evidence synthesis, structured data management in Excel, and
advanced analytical techniques implemented in R, including similarity analysis, clustering, and co-
occurrence modelling. This hybrid approach ensures robustness while maintaining transparency and
traceability.

At the same time, limitations inherent to documentary analysis remain. Differences in reporting practices
across sources affect the articulation of barriers. Clustering involves interpretative judgement despite
computational support. Interaction analysis identifies structural relationships but does not establish
causality.

These limitations define the scope of the results rather than undermining their validity. The methodology is
designed to identify recurring structural constraint mechanisms and their interactions, providing a solid and
empirically grounded foundation for the subsequent definition of scaling conditions and readiness
dimensions within the Pl Rulebook.

5.2 EMPIRICAL PATTERNS EMERGING FROM THE LITERATURE REVIEW
5.2.1 SCALE AND STRUCTURE OF THE EVIDENCE BASE

The literature review resulted in a structured barrier dataset extracted from peer-reviewed studies, EU
project deliverables, and policy-oriented documents.. Each observation was classified according to the four
analytical domains. At the level of base categories, the distribution of barriers is as follows:

Table 4. Distribution of barriers across analytical domains

Domain Barrier count | Share (%)
Technological and Operational 798 34.0
Social and Organisational 799 34.1
Regulatory and Policy 404 17.2
Market and Economic 354 15.1

The near-equal distribution between Technological and Operational (34.0%) and Social and Organisational
(34.1%) domains indicate that constraints are strongly concentrated in the Technological and Operational
and Social and Organisational domains, which together account for more than two-thirds of all observations.
In return, this shows that the primary challenges to implementation and scaling do not lie exclusively in
infrastructure or exclusively in coordination, but in their combined presence. Secondly, Regulatory and
Policy and Market and Economic barriers, while less dominant in absolute terms, remain systematically
present across the corpus. Their relative weight suggests that they do not act as primary entry barriers but
rather as conditioning factors that influence whether solutions can stabilise and expand beyond pilot
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environments. This distribution already suggests that scaling constraints are not evenly distributed and that
they are shaped by a combination of technical feasibility and organisational alignment.

5.2.2 RECURRING CONSTRAINT PATTERNS IN THE LITERATURE

A closer examination of the barrier observations reveals that the literature does not describe a wide diversity
of unrelated problems. Instead, it repeatedly converges on a limited set of constraint patterns. Afirst pattern
concerns the centrality of data-related constraints. A significant portion of the barriers relates to data
availability, data quality, interoperability, and data sharing practices. These constraints appear across
multiple domains. Forinstance, lack of real-time information flows is a technological issue, while reluctance
to share data reflects organisational dynamics, and uncertainty around data ownership reflects regulatory
conditions. The recurrence of these issues across sources indicates that data is not merely an operational
input but a systemic dependency for coordination and optimisation.

A second pattern relates to interoperability and system integration. Many documents highlight the difficulty
of connecting heterogeneous systems and aligning operational processes across actors. These challenges
persist even in contexts where digital solutions are available, suggesting that the constraint lies not only in
technology but in the absence of shared standards and integration frameworks. This pattern is particularly
relevant for Pl concepts, which rely on seamless interoperability across networks.

A third pattern concerns coordination complexity and trust. Logistics systems involve multiple actors with
partially overlapping and sometimes conflicting objectives. The literature repeatedly points to coordination
difficulties, lack of trust, and misaligned incentives as barriers to collaboration. These constraints are not
episodic but structural, appearing across different logistics segments and geographical contexts.

A fourth pattern relates to regulatory and institutional uncertainty. Barriers associated with fragmented
regulations, unclear policy direction, and legal ambiguity appear consistently. These constraints do not
necessarily preventinitial experimentation, but they create uncertainty that limits long-term investment and
scaling.

A fifth pattern concerns economic feasibility. High upfront costs, uncertain returns, and limited access to
funding are frequently reported. However, these barriers rarely appear inisolation. They are often contingent
on technological maturity, coordination mechanisms, and regulatory clarity. This suggests that economic
barriers are not purely financial but are linked to broader system conditions.

Taken together, these patterns indicate that the literature converges on a relatively stable set of constraint
types. These constraints are repeatedly observed across contexts, which supports their interpretation as
structural features rather than context-specific issues.

5.2.3 DEGREE OF FRAGMENTATION AND OVERLAP IN BARRIER DESCRIPTIONS

While the literature converges on a limited set of constraint patterns, it does not describe them in a uniform
way. Similar issues are often expressed using different terminology, levels of abstraction, and contextual
framing. This is reflected in the structure of the dataset. Although the dataset is extensive, many
observations refer to conceptually overlapping constraints. For example, issues related to interoperability
may be described as “lack of standardisation”, “incompatible data formats”, or “integration complexity”.
Similarly, coordination challenges may be framed as “lack of trust”, “misaligned incentives”, or
“collaboration barriers”. This fragmentation is further illustrated by the distribution of barriers across

domain combinations:
Table 5. Distribution of barriers by number of domains

Number of domains = Barrier count | Share (%)

One domain 1,251 69.5
Two domains 531 29.5
Three domains 10 0.6
Four domains 3 0.2
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| Not specified | 5 | 0.3 |

Approximately 70 percent of barriers are classified within a single domain, while around 30 percent span
multiple domains, which indicates that, although many barriers are presented as domain-specific in the
literature, a substantial share already reflects cross-domain interactions. The coexistence of single-domain
and multi-domain barriers highlights two important aspects of the evidence; on the one hand, the literature
tends to isolate specific aspects of problems for analytical clarity, and on the other hand, a significant
portion of observations already recognises that constraints emerge from the interaction of multiple
dimensions. This duality contributes to the fragmentation of the evidence. Similar underlying issues are
sometimes split across domains, while in other cases they are presented as integrated challenges.

5.2.4 [MPLICATIONS OF THE EMPIRICAL EVIDENCE FOR SCALING ANALYSIS

The empirical patterns identified above have direct implications for how scaling challenges should be
analysed. First, the concentration of barriers in specific domains indicates that certain types of constraints
are more prevalent and therefore more likely to limit scaling. However, prevalence alone does not determine
impact. The interaction between domains suggests that even less frequent barriers can play a critical role if
they act as bottlenecks within a system. Second, the recurrence of similar constraint patterns across
sources indicates that these barriers are not context-dependent anomalies. They represent structural
features of logistics systems transitioning toward Pl models.

Third, the fragmentation and overlap in barrier descriptions limit the usability of the evidence in its raw form.
Without consolidation, itis difficult to compare findings across studies, identify priorities, or link constraints
to actionable measures.

Finally, the presence of multi-domain barriers confirms that scaling depends on coordinated interventions
across technological, organisational, regulatory, and economic dimensions.

5.2.5 ANALYTICAL NECESSITY OF BARRIER FAMILY CONSOLIDATION

The combination of recurrence, fragmentation, and interdependence observed in the literature creates a
clear analytical requirement. The evidence base is sufficiently rich to identify consistent constraint patterns,
but it remains too fragmented to support systematic comparison and prioritisation. Similar barriers appear
under different labels, and related issues are dispersed across domains and sources. This consolidation
step transforms fragmented observations into analytically comparable units, enabling prioritisation and
direct linkage to scaling-enabling factors and Rulebook development. By grouping semantically and
functionally similar barriers, it becomes possible to (i) identify recurring constraint mechanisms, (ii)
compare their relative importance, (iii) examine their internal composition across domains, and (iv)
establish links to enabling conditions. It transforms the literature into a structured representation of the
constraint landscape..

The next section builds directly on this interpretation by presenting of the barrier dataset into 21 barrier
families. These families represent recurring structural mechanisms that constrain the implementation and
scaling of Pl solutions. They provide the analytical foundation for subsequent prioritisation and for the
identification of scaling-enabling factors within the Pl Rulebook.

5.3 STRUCTURAL ANALYSIS OF BARRIER FAMILIES AND PRIORITISATION OF CONSTRAINT
MECHANISMS

5.3.1 FROM INDIVIDUAL BARRIERS TO STRUCTURAL CONSTRAINT MECHANISMS
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The application of the methodology described above in the grouping of the barrier dataset into 21 barrier
families through similarity-based clustering and expert validation. This transformation constitutes a critical
analytical step. It enables the transition from fragmented, source-specific observations to a structured
representation of recurring constraint mechanisms affecting the implementation and scaling of Pl solutions.
Each barrier family captures a distinct pattern of constraints that appears consistently across multiple
documents and contexts. The analytical value of this consolidation lies in its ability to reveal structural
regularities that are not visible at the level of individual barriers. As a result, the analysis shifts from
describing “what barriers exist” to understanding “how constraints are structurally organised”.

The purpose of this section is to examine the distribution, concentration, and internal composition of these
barrier families, and provide the empirical basis for identifying dominant constraint mechanisms and a first
level of prioritisation supporting the development of scaling conditions in the Pl Rulebook. It should be noted
that the barrier families identified above are interpreted in the context of the Rulebook as pain points,
representing the most recurrent and structurally significant constraints to scaling.

5.3.2 DISTRIBUTION AND CONCENTRATION OF BARRIER FAMILIES

The distribution of barriers across the 21 identified families is presented below. The table reports the number of
barriers associated with each family and their relative share within the total dataset.

Table 6. Barrier family distribution and share of the corpus

Barrier Family Barrier Count % of Corpus
Technical complexity and implementation burden 393 21.83
Data sharing reluctance 362 20.11
Data interoperability and semantic mismatch 271 15.06
Platform and system integration complexity 207 11.50
High upfront costs and investment risk 96 5.33
Coordination complexity across multiple actors 71 3.94
Insufficient digital infrastructure availability 59 3.28
Weak real-time information flows 41 2.28
Limited scalability and robustness of digital solutions 39 2.17
Data privacy and cybersecurity concerns 38 2.11
Lack of trust among stakeholders 37 2.06
Incomplete or low-quality logistics data 33 1.83
Unclear data ownership, access, and liability 31 1.72
Lack of interoperability standards and common protocols 30 1.67
Regulatory fragmentation across jurisdictions 24 1.33
Unclear or unstable policy signals 20 1.11
Legal uncertainty around data, contracts, and liability 18 1.00
Limited digital readiness of actors 11 0.61
Administrative burden and compliance complexity 10 0.56
Weak or uncertain business cases 5 0.28
Limited access to funding, incentives, or financial support 4 0.22

The distribution reveals a pronounced concentration of barriers within a limited number of families. The four
largest families account for approximately 68.5 percent of the total barrier corpus, while the two largest
alone account for approximately 41.9 percent. This indicates thatimplementation constraints are not widely
dispersed across many independent issues but are instead clustered around a small number of recurring
and structurally significant mechanisms.

This concentration is further confirmed through the calculation of the Herfindahl-Hirschman Index, which is
approximately 0.14. The index, which measures the degree of concentration by aggregating the squared
shares of each category, indicates a moderately concentrated distribution. This suggests that while no single
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barrier family dominates the landscape entirely, a limited number of families exert a disproportionate
influence on the overall structure of constraints.

Beyond these dominant families, the remaining barriers are distributed across a long tail of less frequent
constraint mechanisms, each contributing marginally to the total distribution. This pattern reinforces the
interpretation that the implementation landscape is shaped primarily by a limited set of recurring structural
constraints rather than by a wide dispersion of isolated issues.

From a scaling perspective, this finding is particularly significant. The most concentrated barrier families
can be interpreted as the primary pain points for scaling, as they represent the constraint mechanisms that
most consistently hinder the transition from pilot implementation to broader deployment. Their
identification provides a clear empirical basis for prioritisation, ensuring that subsequent scaling efforts
focus on the most structurally impactful barriers rather than on less influential or context-specific
constraints.

5.3.3 DOMAIN INTERACTION AND CO-OCCURRENCE STRUCTURE

While the distribution analysis identifies which barrier families dominate, it does not capture how different
types of constraints interact. To address this, a domain interaction analysis was conducted based on
document-level co-occurrence. The analysis examines how frequently barriers belonging to different
domains appear together within the same document. To ensure that results reflect structural relationships
rather than repeated observations, the dataset was aggregated at the document level, with each document
contributing at most one instance of each domain.

A co-occurrence matrix was constructed to capture the frequency of domain pairings. However, raw co-
occurrence counts are influenced by the overall frequency of each domain. For this reason, the analysis
employs the Jaccard similarity coefficient as a normalised measure of association. The Jaccard similarity
between two domains A and B produces values between 0 and 1, where higher values indicate stronger
structural association.

Table 7. Jaccard similarity matrix of barrier domains

Domain Tech & Social & Regulatory & Market & Economic
Operational Organisational
Tech & Operational 1.00 0.849 0.708 0.650
Social & Organisational 0.849 1.00 0.704 0.703
Regulatory & Policy 0.708 0.704 1.00 0.596
Market & Economic 0.650 0.703 0.596 1.00

The results reveal consistently high similarity values across all domain pairs. The strongest relationship is
observed between technological and operational barriers and social and organisational barriers, with a
value of 0.849. This indicates that technological challenges are very frequently associated with
coordination, behavioural, and trust-related issues. Similarly, social and organisational barriers show strong
associations with regulatory and policy barriers, with a value of 0.704. This suggests that coordination
challenges are often embedded within institutional and governance conditions. Technological and
regulatory barriers also exhibit strong interaction, with a value of 0.708, indicating that technological
deployment is closely linked to regulatory frameworks. Even the lowest observed similarity, between
regulatory and market barriers at 0.596, remains relatively high.

These results demonstrate that barriers are systematically interdependent across domains. Scaling
constraints do not arise from isolated deficiencies but from the interaction of multiple conditions. This has
direct implications for the design of scaling strategies, which must address combinations of technological,
organisational, regulatory, and economic factors.

5.3.4 DOMAIN COMPOSITION OF BARRIER FAMILIES
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To complement the interaction analysis, the internal structure of barrier families was examined through
category composition analysis. This analysis calculates the share of barriers within each family that are
associated with each domain.

Table 8. Domain composition of barrier families

Barrier Family Tech & Social & Regulatory & Market &
Operational | Organisational Policy Economic

Technical complexity and implementation burden 0.35 0.55 0.17 0.19
Data sharing reluctance 0.34 0.69 0.24 0.15
Data interoperability and semantic mismatch 0.76 0.25 0.20 0.10
Platform and system integration complexity 0.57 0.36 0.18 0.19
High upfront costs and investment risk 0.07 0.09 0.06 0.93
Coordination complexity across multiple actors 0.11 0.76 0.13 0.27
Insufficient digital infrastructure availability 0.73 0.12 0.07 0.34
Weak real-time information flows 1.00 0.02 0.02 0.00
Limited scalability and robustness of digital 0.54 0.38 0.10 0.23
solutions

Data privacy and cybersecurity concerns 0.50 0.39 0.63 0.03
Lack of trust among stakeholders 0.16 0.84 0.32 0.03
Incomplete or low-quality logistics data 0.85 0.39 0.15 0.06
Unclear data ownership, access, and liability 0.32 0.48 0.45 0.10
Lack of interoperability standards and common 0.57 0.23 0.73 0.03
protocols

Regulatory fragmentation across jurisdictions 0.08 0.08 0.92 0.04
Unclear or unstable policy signals 0.05 0.10 1.00 0.05
Legal uncertainty around data, contracts, and 0.22 0.28 0.72 0.06
liability

Limited digital readiness of actors 0.09 1.00 0.00 0.00
Administrative burden and compliance complexity 0.40 0.30 0.40 0.10
Weak or uncertain business cases 0.20 0.20 0.00 1.00
Limited access to funding, incentives, or financial 0.00 0.00 0.00 1.00
support

The results show that many barrier families span multiple domains, which confirms that constraint
mechanisms are inherently multi-dimensional. Even families with a principal domain often include
significant contributions from other domains. For instance, data sharing reluctance combines strong social,
technological, and regulatory components, indicating that it is not purely a behavioural issue but also a
governance and infrastructure challenge. Similarly, data privacy and cybersecurity concerns combine
regulatory, technological, and organisational dimensions. In contrast, some families are clearly domain-
specific. Weak real-time information flows are almost entirely technological, while weak business cases and
limited access to funding are entirely market-driven. This distinction is analytically important. Domain-
specific barriers can often be addressed through targeted interventions, whereas multi-domain barriers
require coordinated approaches across multiple dimensions.

5.3.5 STRUCTURAL IMPLICATIONS FOR SCALING AND PRIORITISATION

The combined analysis of distribution, concentration, interaction, and composition provides a coherent
structural interpretation of the barrier landscape. The moderate concentration indicated by an HHI1 of 0.14
demonstrates that scaling constraints are not evenly distributed but are dominated by a limited number of
high-impact mechanisms. At the same time, the high Jaccard similarity values, ranging from 0.596 to 0.849,

! The Herfindahl-Hirschman Index (HHI) measures concentration by summing the squared shares of each category, with higher
values indicating stronger concentration.
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demonstrate that these mechanisms are strongly interconnected across domains. The domain composition
analysis further confirms that most barrier families are multi-dimensional, spanning technological,
organisational, regulatory, and economic conditions. Taken together, these findings indicate that scaling
challenges are characterised by three structural properties: (i) concentration around a limited set of
dominant constraint mechanisms. (ii) strong interdependencies across analytical domains, and (iii) multi-
dimensional internal structure of barrier families

These results provide a clear empirical foundation for defining scaling conditions. Barrier families can be
interpreted as structural constraints that must be mitigated for scaling to occur. Their distribution identifies
where intervention is most impactful, while their composition and interaction patterns indicate which
domains must be addressed jointly. These pain points provide the empirical basis for prioritisation within
the PI Rulebook, ensuring that scaling efforts focus on the most structurally significant constraints rather
than on isolated or context-specific issues.

54 SCALING-ENABLING FACTORS AND MAPPING TO BARRIER FAMILIES
5.4.1 FROM CONSTRAINT IDENTIFICATION TO SCALING-ENABLING LOGIC

Scaling conditions are understood as the combined set of constraints and enabling factors that determine
whether an innovation can transition from pilot implementation to broader, replicable deployment. The
structural analysis presented above establishes that barriers to the implementation and scaling of Pl
solutions are neither isolated nor evenly distributed. Instead, they are concentrated in a limited number of
barrier families and exhibit strong interdependencies across technological, organisational, regulatory, and
market dimensions. This configuration implies that scaling cannot be achieved through isolated
interventions. It requires the identification of conditions under which these constraints can be mitigated in
a coordinated manner.

Within the logic of WP1, this step corresponds to the transition from constraint identification to the
articulation of scaling-enabling factors. These factors are not introduced as prescriptive solutions, but as
empirically grounded conditions that facilitate the mitigation of barrier families. They are derived directly
from the literature review through the extraction of “suggested enablers” associated with barrier
observations and their subsequent consolidation.

This section identifies the scaling-enabling factors emerging from the evidence base and maps them to the
barrier families, establishing the bridge to scaling conditions and readiness dimensionsin T1.2..

5.4.2 DERIVATION AND STRUCTURING OF SCALING-ENABLING FACTORS

Scaling-enabling factors are derived from the “suggested enabler” field recorded during barrier extraction.
These enablers are not treated individually. Instead, they are consolidated through a process analogous to
barrier clustering, whereby semantically similar enablers are grouped into coherent categories representing
recurring enabling mechanisms.

This consolidation results in a structured set of enabling factors that correspond to the dominant constraint
mechanisms identified in the barrier families. The process ensures that enabling factors remain empirically
grounded while achieving a level of abstraction suitable for analytical interpretation. The identified enabling
factors can be interpreted as falling broadly within four interrelated areas, namely data governance and trust
mechanisms, interoperability and standardisation frameworks, organisational coordination and
collaboration models, and economic and policy support conditions. These categories are not mutually
exclusive. As with barrier families, enabling factors frequently span multiple domains, reflecting the
systemic nature of scaling processes.

5.4.3 MAPPING OF SCALING-ENABLING FACTORS TO BARRIER FAMILIES

To establish a direct analytical link between constraints and enabling conditions, scaling-enabling factors
are mapped to barrier families through a one-to-many relationship. The mapping is derived through semantic
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alignment between barrier descriptions and associated suggested enablers, validated through iterative
review to ensure conceptual consistency. Each barrier family is associated with one or more enabling factors

that address its underlying constraint mechanism. The table below presents this mapping.
Table 9. Mapping of barrier families to scaling-enabling factors

Barrier Family
Technical complexity
implementation burden

and

Scaling-enabling factors
modular system architectures; phased implementation strategies;
integration frameworks

technical

Data sharing reluctance

trusted data governance frameworks; data sharing agreements; incentive-aligned data
ecosystems

Data interoperability and semantic
mismatch

common data standards; semantic alignment frameworks; interoperable data models

Platform and system integration
complexity

open APIs; middleware solutions; platform interoperability architectures

High upfront costs and investment
risk

public-private co-investment schemes; risk-sharing mechanisms; staged financing
models

Coordination complexity across
multiple actors

collaborative governance structures; coordination platforms; stakeholder alignment
mechanisms

Insufficient digital infrastructure
availability

investmentin digitalinfrastructure; shared digital platforms; connectivity enhancement

Weak real-time information flows

real-time data capture systems; loT integration; data streaming infrastructures

Limited scalability and robustness
of digital solutions

scalable system architectures; stress-testing frameworks; performance validation
mechanisms

Data privacy and cybersecurity
concerns

cybersecurity standards; data protection frameworks; secure data sharing protocols

Lack of trust among stakeholders

trust-building mechanisms; transparency frameworks; neutral data intermediaries

Incomplete or low-quality logistics
data

data quality standards; data validation processes; data enrichment mechanisms

Unclear data ownership, access,
and liability

clear data governance models; contractual frameworks;

mechanisms

liability allocation

Lack of interoperability standards
and common protocols

standardisation initiatives; regulatory support for standards adoption; cross-platform
compatibility frameworks

Regulatory fragmentation across
jurisdictions

regulatory harmonisation; cross-border policy alignment; standardised compliance
frameworks

Unclear or unstable policy signals

long-term policy roadmaps; regulatory clarity; stable policy incentives

Legal uncertainty around data,
contracts, and liability

legal frameworks for data use; standard contractual models; liability clarification
mechanisms

Limited digital readiness of actors

capacity building; training programmes; digital maturity frameworks

Administrative burden and
compliance complexity

streamlined reporting systems; digital compliance tools; regulatory simplification

Weak or uncertain business cases

value quantification models; business model innovation; cost-benefit assessment
tools

Limited access to funding,
incentives, or financial support

targeted funding programmes; financial incentives; innovation support schemes

This mapping demonstrates that barrier families are not addressed by single interventions. Instead, each
family requires a combination of enabling factors that collectively mitigate its underlying constraints. For
example, data sharing reluctance is addressed not only through governance frameworks but also through
incentive structures and trust-building mechanisms, reflecting its multi-dimensional nature. The mapping
also reveals a strong structural alignment between barrier families and enabling factors. Dominant barrier
families correspond to equally central enabling mechanisms. In particular, the four largest barrier families
identified are associated with the following enabling configurations:

1. implementation complexity is addressed through modularisation, phased deployment, and integration

frameworks
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data sharing reluctance is addressed through governance, trust, and incentive alignment
interoperability constraints are addressed through standardisation and semantic alignment
system integration challenges are addressed through architectural solutions and platform interoperability

These correspondences shows that the enabling landscape mirrors the constraint landscape. This
reinforces the interpretation of barrier families as structural representations of scaling constraints and
enabling factors as structural conditions for overcoming them.

5.4.4 [MPLICATIONS FOR SCALING CONDITIONS AND READINESS DIMENSIONS

The explicit mapping between barrier families and scaling-enabling factors provides a direct bridge toward
the formalisation of scaling conditions within the Pl Rulebook. Barrier families can be interpreted as the
conditions that must be mitigated for scaling to occur. Scaling-enabling factors represent the mechanisms
through which this mitigation can be achieved. The combination of both defines the conditions under which
aninnovation can move from pilotimplementation to broader adoption. Importantly, the analysis shows that
these conditions are inherently multi-dimensional. Scaling is not determined by technological readiness
alone, but by the alignment of technological, organisational, regulatory, and economic factors.

The analytical results presented in this section have direct implications for the subsequent structuring of
scaling conditions within WP1. The identification of barrier families and their corresponding scaling-enabling
factors provides a systematic basis for defining the conditions under which logistics innovations can
transition from pilot implementation to broader deployment. Within the logic of WP1, this translation is
operationalised in T1.2 through the formulation of scaling conditions and scalers within the Pl Rulebook. In
this context, the most concentrated barrier families represent the primary pain points that hinder adoption,
while the associated scaling-enabling factors constitute the empirical basis for defining scalers, namely the
mechanisms that facilitate scaling across contexts. This ensures that the Rulebook is not constructed on
abstract assumptions, but is grounded in recurrent constraint-enabler relationships identified across the
literature.

In parallel, the multi-dimensional structure of both barriers and enabling factors provides a coherent
foundation for the definition of readiness dimensions. These dimensions reflect the different conditions that
must be satisfied for scaling to occur, including technological readiness linked to system robustness and
interoperability, organisational readiness linked to coordination and trust, regulatory readiness linked to
policy alignment and legal clarity, and market readiness linked to economic viability and investment
conditions. Importantly, these dimensions are not introduced normatively, but emerge directly from the
empirical structure of the evidence. This analytical bridge extends further to T1.3, where these dimensions
are operationalised through the Scale Readiness Level framework and the Pl Readiness Mapper. In this
context, barrier families and enabling factors are translated into measurable conditions, enabling the
assessment of how close a given innovation is to scalable deployment and where critical gaps remain.
Taken together, this progression illustrates how T1.1 moves from descriptive evidence to structured
analytical outputs that directly support both the Rulebook and the readiness assessment tools. It ensures
that scaling is not treated as an implicit outcome of innovation performance, but as a condition that can be
explicitly defined, assessed, and operationalised within the IKIGAI framework.

6. Phase 3 - Barrier Intensity by Logistics Innovation

In Phase 3, each LI team was provided with a structured mapping template that decomposed their
innovation along three levels:

e Service (Sx): the Physical Internet service typology to which the LI contributes, drawn from the IKIGAI
service classification (S1 Volume pooling and asset sharing, S2 Warehousing and storage, S3 Freight
forwarding and intermodal transport, S4 Cross-docking, S5 Last-mile delivery).
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e Process (Px):the main operational or governance process being piloted within the LI, aligned with the
Pl Norm procedural framework developed in WP2.

e Procedure: the discrete sub-steps within each process, reflecting the actual workflow sequence
being designed, tested or operationalised in the pilot.

Foreach procedure, teams were asked to identify and articulate barriers under five standardised categories,
consistent with the analytical framework applied across the project:

e Technological barriers: constraints related to system integration, data standards, interoperability,
digital maturity and technical performance.

e Operational barriers: constraints arising from workflow complexity, coordination requirements,
physical infrastructure, capacity and day-to-day execution.

e Regulatory & Policy barriers: constraints related to legal frameworks, compliance obligations,
regulatory uncertainty, and governance gaps at European, national and local levels.

o Market & Economic barriers: constraints related to investment requirements, return on investment
uncertainty, market structure, and business model viability.

e Societal & Organisational barriers: constraints arising from behavioural resistance to change, trust
deficits, cultural norms, skills gaps and stakeholder acceptance challenges.

Barrier intensity by LI and category
(qualitative assessment: 1 = limited evidence - 5 = highly prevalent across procedures)

Regulatory Market & Societal &
Technological Operational & Policy Economic Organisational

5
High
L1

L2
LI3A
3
Moderate

LI3B

Li4

|
N

LI5

-1
Limited
Figure 3. Barrier intensity by LI and category (qualitative assessment: 1 = limited evidence; 5 = highly prevalent across procedures)
Cross-cutting barrier prevalence across all 6 LI contexts
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Figure 4. Cross-cutting barrier prevalence across all 6 LI contexts

Analysis of the barrier data submitted by the LI teams (see Annex) reveals a set of structural patterns that
transcend individual LI contexts and reflect fundamental challenges for the Physical Internet paradigm. The
following eight conclusions are drawn from a systematic comparison of barriers across all 21 mapped
procedures. They are presented in order of analytical importance, beginning with the constraints that most
directly condition the success of the overall project rationale.

i Interoperability is the universal technological prerequisite

Across all LI contexts and all 21 mapped procedures, the inability of systems, platforms and data formats to
communicate with each other is the single most consistently cited technological barrier. It manifests
differently by context: fragmented ICT systems between shippers and LSPs in LI1, the digital maturity gap
between SMEs and eFTl-compliant platforms in LI2, heterogeneous locker APIs and loT connectivity in LI3A,
tool incompatibility with the smart-contract orchestration layer in LI3B, TMS integration challenges in LI4,
and RFID/barcode scanning inconsistency in LI5, but the common thread is structural. The IKIGAI
innovations are, by design, network-effects solutions that only deliver value when multiple actors connect.
The absence of common standards and interfaces directly prevents those connections from forming.
Addressing interoperability is therefore not one barrier among many; it is a structural prerequisite for the
entire project rationale to hold.

ii. Trust takes three distinct forms and each requires a tailored response

Every procedure row across all LIs surfaces trust as a constraint, but the nature of the trust deficit differs. In
LI1 and LI2, it is horizontal trust between competitors, shippers and LSPs are asked to pool volumes and
share lane data with actors they may otherwise compete against. In LI3B and LI4, it is data trust, actors fear
that sharing operational or emissions data exposes strategic vulnerabilities. In LI5, it is institutional trust in
a new neutral trustee model that departs from familiar pooling arrangements. In LI3A, a fourth dimension
emerges: citizen and user trust in new delivery modalities. This multi-dimensionality means that trust-
building interventions must be tailored per LI context. The neutral trustee architecture prominentin LI1 and
LI5 represents a promising structural response, but its effectiveness depends on demonstrating governance
integrity through the pilots before asking actors to commit fully.

iii. Governance desigh must precede, and is as important as, technical implementation

LI1 trustee model, LI4 Book & Claim rule design, and LI5 pool governance procedure all demonstrate that
before any technical system can function, the rules governing ownership, liability, data access, gain-sharing
and decision-making must be formally established. In LI5, the rule-based clearing mechanism remains in
development, and this single gap blocks operational readiness regardless of the technology already in place.
In LI4, the absence of established Book & Claim standards in freight logistics means that even technically
sound verification systems lack a regulatory and commercial home. In LI3B, legal uncertainties around
ownership and data sharing constrain what the smart-contract orchestration layer can actually verify and
record. Governance therefore should be approached with the same rigour and urgency as technical ones;
governance gaps cannot be resolved ex-post pilotimplementation.

iv. ROl uncertainty creates a structural problem acute for SMEs

Across all LIs, operators and partners, especially smaller ones, are being asked to invest in onboarding,
integration, training and infrastructure before the value proposition is proven at scale. Yet scale is precisely
what is needed to generate the ROI that would justify the investment. This circularity is inherent to Physical
Internet innovations, which are systemic and only deliver value through network effects. LI2 illustrates this
most sharply: SME reluctance to invest without foreseeable ROl is a primary barrier to platform adoption,
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yet without sufficient SME participation the platform cannot demonstrate the consolidated volumes that
would prove its value. LI1 faces the same dynamic around corridor viability; LI4 faces it around first-mover
risk for Book & Claim. Pilot design must therefore include de-risking mechanisms (subsidised onboarding,
guaranteed minimum volume commitments, or risk-sharing arrangements) that protect the first-mover
position.

V. Regulatory fragmentation operates at three levels simultaneously, creating a
compounding burden

The regulatory barriers identified across the LIs do not all stem from the same governance level. At European
level: eFTI Regulation uncertainty (LI2), absent Book & Claim standards (LI4), slow AFIR infrastructure rollout
(LI3A) and competition law (LI1, LI2, LI4). At national level: uneven eFTl transposition (Belgium has not
ratified eCMR, Greece has CMDS deviations) and country-specific labour, safety and retail regulations (LI5).
At sub-national level: LI3A faces multi-municipality site approval processes and varying public space rules
across 14 Barcelona municipalities. When these three levels interact, as in LI2 (port environment, national
authority, EU regulation) and LI3A (municipal permits, national labour law, EU infrastructure directives), the
compliance burden multiplies. Since harmonisation at European and national levels is largely outside the
projects control, pilots must be designed to function within existing regulatory ambiguity while generating
evidence that supports future policy alignment.

vi. Behavioural resistance is a systematic operational risk that is structurally
underestimated

While interoperability attracts most of the technological attention, habit-based deviation from designed
processes is a recurring practical risk with direct operational consequences. In LI3B, cargo-bike drivers
adapting to streets and clients rather than confirming events in the orchestration system directly
undermines the integrity of smart-contract verification; the technological solution fails because of a
behavioural one. In LI5, staff reverting to established packing and loading routines rather than new scanning
SOPs reduces EPCIS event log data quality and compromises the traceability value proposition. In LI2, the
strong road-transport culture and resistance to shipment merging reflect deeply embedded operational
norms that training alone cannot overcome. The implication is that change management must be integrated
into pilot execution planning.

vii. Data is simultaneously the most critical enabler and the most contested resource

Every LI core value proposition depends on data being shared: pooled volume data (LI1), eFTlI-compliant
freight data (LI2), real-time hub and delivery status data (LI3), operational performance data for emission
verification (LI4), and EPCIS track-and-trace events (LI5). Yet in every LI, data sharing is constrained by
competitive sensitivity, cybersecurity concerns, unclear ownership and liability uncertainties. The tension
between data as an input to collective efficiency and data as a private competitive asset is structurally
unresolved in the sector. The project data space architecture and neutral trustee mechanisms are direct
responses to this tension, but their success will depend on demonstrating, through the pilots, that
aggregated and anonymised data sharing can deliver value without exposing commercially sensitive
information at actor level.

viii.  Barrier profiles differ meaningfully by LI, indicating the need for differentiated
intervention strategies

While the above conclusions identify cross-cutting patterns, the relative severity of barrier categories varies
significantly by LI. LI2 faces its heaviest burden on the regulatory side due to eFTl implementation complexity
and the multi-authority Piraeus port environment. LI3B faces its most distinctive barrier in societal
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readiness, specifically the low awareness of the Physical Internet concept among clients and public
authorities, which is a communication and legitimacy challenge that technical solutions cannot address.
Ll4s most specific challenge is the absence of any institutional framework for Book & Claim in freight, making
it simultaneously a regulatory and a market design problem. LI5s most operationally immediate barrier is
the incomplete governance design for the open pool, which blocks readiness regardless of technical
progress. These differences imply that a single cross-LI mitigation strategy will be insufficient; LI-specific
workplans that prioritise the dominant barrier category in each context will be more effective.

Strategic implications

The eight conclusions above converge on a single systemic insight: the barriers are not independent, they
form a reinforcing system. The trust deficit blocks data sharing; absent data sharing, interoperability
investments cannot deliver value; without demonstrated value, ROl uncertainty persists; ROl uncertainty
deters participation; and without critical mass, governance models cannot be validated. Breaking into this
loop requires sequenced action. Governance frameworks and trust-building mechanisms need to come
first, followed by technical integration, then scaled deployment. The cross-cutting analysis shows that
interoperability, trust, ROl uncertainty and regulatory fragmentation all appear across all LI contexts.
These four dimensions constitute the pillars of a horizontal IKIGAI mitigation strategy. The LI-specific barrier
profiles then layer on top, informing LI-level work planning and ensuring that interventions are proportionate
to the dominant constraint in each context.

7. Phase 4 - Literature Review vs LI Operational Input

T1.1 draws on two analytically complementary evidence streams. The literature review provides structural
depth through the systematic analysis of 273 sources and 1,800 barrier observations, revealing recurring
constraint patterns across heterogeneous contexts. The LI operational input provides pilot-grounded
specificity through structured partner submissions mapping barriers at the level of service, process, and
procedure across all LI contexts. Both streams draw on the same four-domain analytical framework,
ensuring comparability while preserving methodological distinctiveness..

Four areas of convergence are identified where LI partner inputs independently confirm patterns
established through the systematic literature review. These convergences strengthen the structural validity
of the barrier families and support their use as the foundational architecture of the Rulebook and Scale
Readiness Level framework.

Interoperability and data standards are the primary technological constraint
e Literature: Data interoperability and semantic mismatch is the third largest family at 15.1% of the
corpus.
e Ll Input: Interoperability is identified as the universal technological prerequisite, present in all 21
procedure rows.

Both analyses independently converge on the same root cause, and both identify open standards and
interoperable APIs as the primary enabling response.

Data sharing reluctance is the dominant socio-organisational barrier

e Literature: Data sharing reluctance is the second largest family at 20.1%, strongly Social and
Organisational at 69% of its internal composition.
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e Ll Input: Trust deficit is identified as the foundational societal barrier across all LIs, and ‘Data
Governance, Trust and Collaborative Engagement’ is the largest consolidated family at 29.9% in the
LI mapping.
Both converge on governance frameworks, neutral intermediaries, and incentive alignment as the principal
countermeasures.

Economic barriers are secondary in volume but structurally enabling
e Literature: High upfront costs and investment risk is the fifth largest family at 5.33%, and the Market
and Economic domain accounts for only 15.1% of the corpus.
e LlInput: ROl uncertainty creates a structural problem.

Both evidence streams consistently treat economic barriers as smaller in volume but disproportionately
important as enabling conditions for attracting participation needed to prove value.

Constraints are inherently multi-domain and single-dimension responses are insufficient
e Literature: Jaccard similarity of 0.849 between Technological and Social domains; all pairs above
0.59; approximately 30% of barriers span multiple domains.
e LlInput: Seven of eight conclusions span two or more barrier categories.

Isolated interventions targeting a single domain are structurally insufficient regardless of their technical
quality.

What the LI Input Adds Beyond the Literature

Four findings emerge from the LI partner submissions that are either absent from or underdeveloped in the
general literature. These represent the analytical value added by grounding the analysis in actual pilot
operations and constitute the most practically significant contributions of T1.1.

Governance must precede and is as important as technical implementation

Literature clusters governance barriers across multiple families but treats them as concurrent with technical
ones. LI Input reveals that unresolved clearing rules, liability frameworks, and data governance
arrangements block operational readiness regardless of technical completeness. In LI5, the incomplete
rule-based clearing mechanism blocks all further progress. In LI4, the absence of an institutional framework
for Book & Claim creates a gap that no technical solution can fill. This sequencing insight is not visible in the
generic literature.

Regulatory fragmentation operates at three levels simultaneously

Literature captures regulatory fragmentation as a single family at 1.33% of the corpus. LI Input reveals that
these operate at European level (eFTI implementation uncertainty), national level (eCMR ratification gaps),
and local level (municipal permits across 14 Barcelona municipalities) concurrently. When all three levels
interact, the compliance burden compounds in ways that generic literature cannot surface without the
contextual granularity of pilot-level observation.

Behavioural resistance is a distinct operational risk, not a subset of implementation complexity
Literature clusters resistance to change within Technical complexity and implementation burden, the
largestfamily at 21.8%. LI Input separates it as a distinct causal mechanism:. in LI3B, drivers bypassing event
confirmation steps directly undermine smart-contract integrity. In LIS, staff reverting to established routines
reduce EPCIS data quality. This specific causal path from habitual behaviour to technical system failure is
not visible in the literature.
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Trust takes three analytically distinct forms requiring different responses

Literature treats Lack of trust among stakeholders as a single family at 2.1%. LI Input identifies three
operationally distinct forms: horizontal trust between competitors required for volume pooling (LI1, LI2),
data sensitivity trust around commercial information exposure (LI3B, LI4), and institutional trust in new
governance models such as the neutral trustee arrangement (LI5). Each form demands a different
intervention, and addressing one does not resolve the others. The cross-analysis of the two evidence
streams produces four strategic implications for the design of IKIGAI scaling conditions, the Rulebook, and
the Scale Readiness Level framework.

1. The evidence base is robust and internally consistent

Literature (structural, 273 sources) and LI Input (operational, all pilots) identify the same dominant
constraint mechanisms through independent methods. This cross-validation strengthens confidence in the
barrier families as the correct analytical unit for the Rulebook and Scale Readiness Level framework, and
supports their use as the structuring logic for scaling conditions without requiring additional methodological
justification.

2. The literature underestimates pilot-specific governance and sequencing needs

The most important analytical additions from LI Input, namely governance sequencing, three-level
regulatory compounding, and three-form trust differentiation, all require operational pilot data to observe.
Generic literature cannot surface them because they are context-embedded. This confirms that T1.1
methodology must combine both sources, and that the Rulebook must incorporate sequencing logic and
contextual differentiation that a purely literature-based analysis would miss.

3. The four universal barriers form the core intervention set

Interoperability, Trust and governance, Implementation capability, and System integration appear across
both analyses as the dominant structural constraints. Together they account for the large majority of the LI
Input corpus. Any scaling condition framework that does not address all four will be structurally incomplete,
and any intervention targeting only one of these families without considering the others is unlikely to
generate sustained scaling effects.

4. Differentiated LI-level strategies are required alongside cross-cutting measures

The literature provides a common structural baseline applicable across all Lls. LI Input reveals that
dominant barrier categories differ significantly by LI context: LI2 is regulation-heavy due to the eFTI
environment; LI3B faces distinctive societal readiness constraints related to Physical Internet concept
awareness; LI4 lacks an institutional framework for Book & Claim that technical solutions cannot substitute;
and LI5 needs governance design resolved before any other enabling condition can take effect. Horizontal
scaling strategies must therefore be supplemented by LI-specific sequenced intervention plans that
prioritise the dominant constraint in each pilot context.

8. Innovation Agenda and Scaling Factors

8.1 FROM BARRIER ANALYSIS TO SCALING LOGIC

Task 1.2 builds directly on the results of Task 1.1 and translates the barrier analysis into a structured
methodological logic for the scale-up of the Logistics Innovations (LIs) addressed in IKIGAI. While Task 1.1
was primarily concerned with identifying the main obstacles and enablers affecting LI deployment, Task 1.2
shifts the focus from diagnosis to progression. In other words, barriers are no longer treated only as
constraints to be listed and discussed, but as signals of those conditions that still need to be strengthened,
formalised, or aligned in order to support broader and more stable deployment pathways.
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This change of perspective is important. Within the logic adopted in Task 1.2, scale-up is not understood
simply as growth in volume or geographical extension. Rather, it is interpreted as a transition towards
logistics solutions that become progressively more standardised, more interoperable, more replicable, and
better aligned with the transformation pathways outlined by the Zero Emission Logistics (ZEL) and Physical
Internet (Pl) roadmaps. This means that the methodological focus moves from the question “which barriers
are present?” to the question “what still needs to change for the LI to move towards a more scalable
configuration?”.

The barrier analysis carried out in Task 1.1 showed that the most relevant constraints to LI scale-up do not
appear as isolated and purely case-specific issues. On the contrary, they tend to recur across different
innovation settings and to cluster around a limited number of structural domains. These domains concern
technological readiness and interoperability, economic and market viability, regulatory and governance
alignment, organisational and behavioural conditions, and operational arrangements. In practice, these
barriers reinforce one another and often generate recurrent bottlenecks that slow down or prevent the
transition from promising pilot solutions to wider deployment.

Task 1.2 addresses this challenge by introducing a common methodological framework that allows these
recurrent barriers to be translated into a structured assessment of scale-up needs. The underlying purpose
is twofold. First, the methodology provides a common logic to assess the current and target condition of
each LI in a comparable way. Second, it creates the basis for identifying scaling mechanisms that can
progressively evolve into a reusable mechanism library supporting future implementation and rulebook
development.

8.2 DEFINITION OF THE SCALING DIMENSIONS

To support the application of Task 1.2 across the Logistics Innovations, a spreadsheet-based assessment
toolwas developed to guide the analysis in a structured and comparable way. This choice was made in order
to move from a broad qualitative diagnosis to a more operational and measurable assessment framework.
Within this tool, the first methodological step consisted in translating the barrier domains identified in Task
1.1into a set of scaling dimensions. Five dimensions derive directly from the main barrier domains emerging
fromTask 1.1:

e technological conditions,

e economic and market viability,

e regulatory and governance alignment,
e societal and organisational conditions,
e operational conditions.

To this set, a sixth dimension related to sustainability and circularity was added. The inclusion of this
additional dimension ensures consistency with the broader transition logic of IKIGAI, which does not treat
scale-up as a purely technical or organisational issue, but as part of a wider transformation towards zero-
emission, collaborative, and more resource-efficient logistics systems.
The resulting framework is therefore based on the following six dimensions:

e Operational

e Technological

e Regulatory, policy and governance
e Market and economic

e Societal and organisational

e Sustainability and circularity
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Each dimension is expressed through four ordered maturity levels, ranging from an early-stage or
fragmented condition to a more advanced and scalable configuration. In order to support later assessment
steps, each maturity level is associated with a numerical score from 1 to 4, where 1 indicates the lowest
maturity level and 4 the highest. This scoring logic is necessary to make it possible to compare the current
condition of each LI with its target condition and to calculate the corresponding gap in a structured and
transparent way.

The maturity structure adopted for each dimension is summarised below.

Table 10. Scaling dimensions and relative maturity levels

Scaling dimension Level1 Level 2 Level 3 Level 4
Operational Isolated Local/Regional Network-integrated Scaled &optimised
. . . Compliant & interoperable .
Technological Proprietary Interoperable (basic) (advanced) Intelligent & automated
Regulatory, policy | Unclear/ Pilot-based EU-aligned Standardised & scalable
and governance informal
Market apd No /weak Emerging Stable growth Mature / expansive
economic demand
Socu‘etal.and Siloed Engaged Coordinated Institutionalised
organisational
Susta!lnablll'ty and Initial Developing Advanced Systemic
circularity
8.3 DEFINITION OF THE TO-BE PROFILE AND TARGET SCENARIO

Oncethe scaling dimensions and their maturity levels had been defined, LIs has to identify a target scenario.
For each dimension, the LI selects the maturity state it aims to reach. The selected levels should define a
credible and achievable target condition, not an idealised or utopian end state. The resulting combination
of selected maturity states identifies the TO-BE profile of the innovation. This TO-BE profile is interpreted
through five target scenarios:

e Baseline. The innovation remains confined to pilots or to a limited corridor. Integration is partial.

Adoptionis slow and uneven. Sustainability actions exist, but they are not yet embedded end-to-end.

e Collaborative. Scale-up is driven mainly by coordination among shippers, logistics service providers,
SMEs, and other partners. Shared workflows and trust mechanisms support broader participation
and reduce fragmentation.

e Accelerated. Adoption increases because interoperability and compliance readiness reduce
barriers to scale. Digital processes become repeatable across contexts. Sustainability moves closer
to standard practice.

e Disruptive. Rapid changeis driven by advanced digital capabilities and strong optimisation logic. The
innovation can scale quickly, but uptake may remain uneven across actors or territories.

e Transformative. The innovation becomes part of a fully integrated ecosystem. Operations,
governance, data sharing and sustainability work together end-to-end. Replication at scale becomes
feasible.

A key point is that these scenarios are not selected manually. Instead, the excel spreadsheet derives the
resulting target scenario through a set of scenario rules. This gives the target-setting process a higher
degree of internal coherence, because the scenario is not chosen independently from the maturity profile
but emerges from it. The rules interpret the TO-BE profile by combining three elements:

e the score reached in specific key dimensions;
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e the average score across the six dimensions;
e the number of dimensions that reach at least maturity level 3.

GIKIGAI

This rule-based logic allows the target scenario to act as a structured interpretation of the maturity profile
rather than as an isolated qualitative declaration.

Table 11. Scenario rules

Scenario rules

ScenariolD Metric Operator Valuel Value2 Comment Hint

TRANS Sustainability and circularity = 4 Transformative requires systemic sustainability (Systemic level) Set Sustainability = 4
TRANS Count(>=3) >= 5 Transformative requires broad maturity: at least 5 dimensions scored 23 Reach COUNT(>=3) 25
TRANS Average >= 32 Transformative requires high overall maturity (average score threshold) Raise Average 2 3.2

DISR Technological = 4 Disruptive requires cutting-edge technology (level 4) Set Technological = 4

DISR Regulatory, policy and governance = 4 Disruptive requires standardised & scalable governance/compliance (level 4) Set Regulatory, policy and governance =4
DISR Average >= 3 Disruptive also requires overall maturity above a minimum threshold Raise Average 2 3.0

ACC Technological >= 3 Accelerated requires advanced interoperability/compliance-ready tech (23) Raise Technological 2 3

ACC Sustainability and circularity >= 3 Accelerated requires advanced sustainability readiness (23) Raise Sustainability 2 3

ACC Operational >= 3 Accelerated implies network-level operations (not local pilots) Raise Operational 2 3

ACC Average BETWEEN 2,7 3,4 Accelerated fits mid-high maturity (keeps it below fully transformative levels) Adjust Average to 2.7-3.4
COLL Societal and organisational >= 3 Collaborative requires coordinated organisational adoption (23) Raise Societal and organisational 2 3
COLL Market and economic >= 3 Collaborative assumes stable growth / repeatable demand (23) Raise Market and economic 2 3
COLL Average BETWEEN 2,2 3 Collaborative fits low-mid maturity (above baseline, below accelerated) Adjust Average to 2.2-3.0

BASE Average <= 2,2 Baseline corresponds to early-stage/limited maturity overall Keep Average 2.2

In practical terms, each scenario is associated with explicit conditions.

The Transformative scenario requires the highest degree of systemic maturity. In the current logic, this

means that:

e sustainability and circularity must reach level 4,
e atleast five dimensions must score 3 or more

e the average score must be at least 3.2.

The Disruptive scenario is associated with strong technological and governance maturity and therefore

requires:
e Technological=4

e Regulatory, policy and governance =4

e an average score of at least 3.0.

The Accelerated scenario reflects a more advanced but still intermediate transition profile and therefore

requires:
e Technological =23

Operational =23

Sustainability and circularity 2 3

e and an average score between 2.7 and 3.4.

The Collaborative scenario is associated with stronger actor alignment and market stabilisation and

therefore requires:
e Societal and organisational =3
e Market and economic = 3

e an average score between 2.2 and 3.0.

The Baseline scenario corresponds to an overall early-stage condition and is associated with an average

score of 2.2 or below.

Page 39 0f 76



D1.1 Rulebook @'IKI,GAI-

In this way, the scenario rules combine dimension-specific requirements with an overall maturity
interpretation.

Resulting Scenario: Comment:

Adoption increases because interoperability and
compliance readiness reduce barriers to scale.
Digital processes become repeatable across
Accelerated contexts, and sustainability moves from “initiative”
to standard practice. The innovation expands
through structured rollout supported by a

favourable regulatory environment.
Figure 5. Example of resulting scenario

The methodology also introduces an explicit priority order among scenarios. This is necessary because, in
some cases, the selected maturity profile may satisfy the rule set of more than one scenario. In order to
avoid ambiguity, each scenariois assigned arank from 1to 5, where 1is the highest priority and 5 the lowest.
The order is: Transformative (1), Disruptive (2), Accelerated (3), Collaborative (4), and Baseline (5). If
more than one scenario satisfies all its rules, the tool assigns the one with the highest priority. This makes
the resulting target scenario more robust and prevents the LI from being associated with multiple scenario
labels at the same time.

In addition to this, the tool also includes a near-match mechanism. This is used when the TO-BE profile
does not fully satisfy the complete rule set of any scenario. Rather than returning no result, the tool identifies
the scenario with the lowest number of unsatisfied rules and treats it as the closest configuration. If more
than one scenario has the same number of missing conditions, the same priority logic is applied and the
higher-ranked scenario is retained. The tool then returns a near-match output together with a short hint
indicating which condition is still missing. This is particularly useful because it helps refine the TO-BE profile
and highlights where the selected target condition remains inconsistent or incomplete. In methodological
terms, the near-match logic prevents the target-setting exercise from becoming rigid while still preserving
analytical discipline.

Result Resulting Scenario:

+|f at least one scenario is fully satisfied, it
returns the satisfied scenario with the highest
priority (lowest Priority number) Near match (Accelerated ->

Disruptive): Set Regulatory, policy

*If no scenario is fully satisfied, it returns: Near and gove rnance =4

match (PreviousScenario -> BestScenario):
plus the missing hints for the best scenario (the
one with the lowest MissingCount)

Figure 6. Example of near-match result for scenario

Overall, the TO-BE scenario is therefore more than a descriptive category. It is the outcome of a structured
interpretation of the target maturity profile and provides the methodological reference point for all
subsequent stages of the assessment. By combining maturity levels, scenario rules, scenario priority, and
near-match logic, this step ensures that the target condition of each LI is both analytically consistent and
operationally meaningful.

8.4 ASSESSMENT OF THE CURRENT CONDITION
After defining the target condition, the methodology assesses the current condition of each LI. This step

produces the AS-IS profile of the innovation and is based on two complementary elements: relevance
weighting and Current State scoring.
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First, each Ll assigns a relevance level to each scaling dimension. The available levels are

e Low(1)
e Medium (2)
e High(3)

Relevance does not describe the maturity of the LI. Instead, it indicates how important each dimension is for
the scale-up path of that specific innovation. This is a crucial aspect of the methodology, because the same
gap may have a very different meaning depending on the LI. For instance, a technological weakness may be
centralin one case and secondary in another, while a governance issue may be decisive for a collaborative
service but less critical in a more self-contained solution.

Second, each Ll identifies its Current State through a checklist-based assessment. In order to support this
step, a dedicated checklist of questions was prepared for each LI. These checklists represent the part of the
methodology that allows the assessment to remain sensitive to the specific characteristics of each
innovation. Rather than relying on a fully generic questionnaire, the method uses LI-specific questions that
reflect the actual service logic, operational model, and implementation context of the case under analysis.

At the same time, these checklists are not independent from the common methodological structure. For
each dimension, the questions are organised around the same maturity states used in the TO-BE analysis.
This ensures internal consistency between target definition and current-state assessment. In practice, the
LI uses the checklist to understand which maturity level best reflects its present condition and then selects
the corresponding Current State. In this way, the assessment remains comparable across cases while still
being tailored to the specific nature of each innovation.

This combination of a common maturity structure and LI-specific checklists is one of the main strengths of
the tool. It allows the methodology to avoid a purely generic reading of scale-up conditions and introduces
a degree of contextual adaptation thatis necessary when dealing with heterogeneous innovations. The same
logic can also be extended to future Lls beyond the current IKIGAI cases. If a new LI wishes to test the tool,
an ad hoc checklist can be prepared following the same methodological structure, thereby preserving
comparability while adapting the assessment to the characteristics of the new case.

At the end of this step, each LI has:
e one selected Current State for each scaling dimension;
e onerelevance level for each dimension.
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Table 12. Example of AS-IS methodology for LI1

STEP 2 - DEFINITION OF AS-IS

Scaling |Relevance o\ o nce Checklist Current | s.1s
Dimensions for LI State

Isolated

*|s the service currently limited to a single pilot flow or a single corridor setup with minimal replication?
+Are onboarding and booking handled mainly case-by-case (e.g., via emails/calls) rather than through a
standard process?

+Is coordination between shippers, MTOs and LSPs mostly bilateral, without a shared operational cycle?

Local/Regional

+Are there repeatable procedures for onboarding and booking, but only with a small set of partners or within one
corridor context?

+|s the carridor service stable for a limited number of flows/volumes, but difficult to extend to additional

Operational High 3 terminals/legs? Isolated 1
*Are exceptions (delays, capacity changes) managed with partial standardisation but still heavy manual effort?

Network-integrated

+Are LI1 processes (onboarding, booking, data sharing, procurement/tendering) standardised and used across
multiple partners in the corridor?

*|s volume pooling coordinated through a shared operating model (trustee roles + agreed interfaces between
shippers, MTOs and LSPs)?

*Can new shippers/LSPs be onboarded using a defined procedure with predictable steps and responsibilities?

Together, these two outputs provide the baseline needed for the following step, namely the gap analysis.
8.5 GAP ANALYSIS AND PRIORITISATION

Once the TO-BE and Current State profiles have been defined, the methodology compares the two in order
to identify the distance that still separates the LI from its target condition. For each scaling dimension, the
gap is calculated as the difference between the target score and the current score. If the Current State is
already equal to or higher than the TO-BE value, the gap is treated as zero. This means that only the maturity
distance that still needs to be closed is carried forward into the analysis.

RADAR AS-IS VS TO-BE
--TO-BE As-IS

Operational
a

Sustainability and

circularity r

[}
1
1 1
' r
Societal and , J Regulatory, policy

-

organisational ~~~.__-~ and governance

3.~o

L2 = ~~,Technological
1
0

Market and
economic

Figure 7. Radar representation of GAP Analysis

This first result is then combined with the relevance level assigned to the same dimension in the previous
step. In practice, the raw gap is weighted according to the strategic importance of that dimension for the
specific LI. The result is the weighted gap. This value is central to the methodology because it does not only
show where a distance exists, but also how significant that distance is for the scale-up path of the
innovation. A gap in a highly relevant dimension therefore has greater analytical importance than the same
gap in a dimension considered less critical for that LI.

The weighted gap is then translated into a more readable diagnostic output through a prioritisation logic
embedded in the tool. This logic associates each weighted gap with three elements: a priority label, a rank
position, and a short interpretative comment. The priority label indicates whether the dimension is already
aligned with the target or whether it requires attention at a low, medium, or high level of urgency. The
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comment provides a short textual interpretation of this result. The rank introduces a further step by ordering
the dimensions according to their relative priority.

Table 13. Example of ranked GAP Analysis

Dimension Weight TOBE ASIS WEIGHTED GAP Priority label RANK Comment
Operational 3 3 1 6 High priority 2 Not aligned - Gap is 2 - High priority (2)
Technological 1 4 2 2 Low priority 4 Notaligned - Gap is 2 - Low priority (4)
Regulatory, policy and governance 3 3 1 6 High priority 2 Not aligned - Gap is 2 - High priority (2)
Market and economic 2 3 2 2 Low priarity 4 Notaligned - Gapis 1 - Low priority (4)
Societaland organisational 3 4 1 9 High priority 1 Notaligned - Gap is 3 - High priority (1)
Sustainability and circularity 3 3 3 0 Aligned Aligned

Therank systemis particularlyimportant because it turns the gap analysis into a decision-support structure.
Rather than producing a flat list of values, the tool orders the dimensions from the most critical to the least
critical on the basis of their weighted gap. In this ordered structure, rank 1 corresponds to the dimension
with the highest priority for intervention, while the following ranks indicate progressively lower levels of
urgency. In other words, the rank does not simply describe whether a gap exists; it shows where action
should start first. Dimensions that are already aligned with the target are not treated as priorities and
therefore do not drive the ranking logic in the same way as non-aligned dimensions.

This ranking mechanism is useful because it helps distinguish between two different situations that would
otherwise appear similar. A LI may have more than one open gap, but not all of them have the same strategic
importance. By combining maturity distance and relevance, the methodology identifies which dimensions
are most likely to constrain scale-up and which ones can be treated as secondary or already sufficiently
mature. The outcome is therefore not just a gap profile, but a prioritised view of intervention needs.

STEP 1 - DEFINITION OF TARGET
STEP 2 - DEFINITION OF AS-IS STEP 3 - GAP ANALYSIS
SCENARIO (TO BE)
) ) . Relevance for )
Scaling Dimensions Prospect State (To Be) u Checklist Current State (AS-IS) Ranked gap
Isolated
+ls last-mile delivery still executed mainly as separate, mode-specific Not aliened - Gap is 1 - Medium
Operational Network-integrated High operations (road, river, bike), without synchronised handovers Local/Regional g . .p
between modes? priority (2)
(unllnadins. sortine deliveny and retyrns still manased with
Proprietary
CQmp[iant & interoperab[e +Are the different mode operators (road, river, cargo bikes) still using |nteroperab[e Not a[igned - Gap is1- Medium
Technological High separate tools/systems, with no shared digital layer to coordinate . L
(advanced) operations end-ta-end? (basic) priority (2)
ntracts notvetdenl dtosouern hubonatwork
Unclear/ informal
i +Arecollaboration rules between the imvolved operators (road, river, i - is 2 - Hi
RegUlatory’ pollcy EU-aligned High cargo bikes, hub actors) still informal, with respansibilities decided Unclear / informal Not allgneii 93|J is2 ngh
and governance case-by-case? priority (1)
slsthere no adreed dovernance mechanismin
No/weakdemand
Market and ols there currently no clear demand from shippers/receivers for Not aligned - Gap isl-Low
R Emerging Medium synchromodal zero-emission last-mile deliveryvia mobile hubs No/weak demand -
economic riveriroad) compared to conventionalvan-based delivery? priority (6)
here nocommitted | nrovidine recylar
Siloed
Societal and *Do stakeholders stilloperate mainly within their own organisational Not a[igned - Gap is1- Medium
L. Coordinated High boundaries (road, river, bike), with limited cross-actor coordination for Engaged L.
organisational daily operations? priority (2)
1oad| It arting delivery and retiurne handled
Initial
8u5tainability and +ls the operation notyet delivering measurable reductions in travelled- Not a[igned - Gap is1-Medium
R B Advanced High ko, energy demand, or CO, emissions compared to conventional Developing L
circularity delivery methads? priority (2)
A ionmaodes (eyans carcn hik dectricharose) not yat

Figure 8. GAP Analysis for LI3

The gap analysis represents the point at which the methodology moves from descriptive assessment to
structured diagnosis. Up to this stage, the tool defines the target condition and the current condition of the
LI. With the weighted gap and ranking logic, it becomes possible to identify the most critical transition
bottlenecks in a clear and ordered way. This prioritised output then provides the analytical basis for the
following step, namely the translation of recurrent gap patterns into candidate scaling mechanisms.
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8.6 FROM PRIORITISED GAPS TO SCALING MECHANISMS

The final step of the methodology consists in translating the prioritised gap profile into candidate scaling
mechanisms. In this context, a scaling mechanism is not understood as a generic enabling factor, such as
“more interoperability” or “better governance”, but as a structured and replicable transition package that
can support one concrete step towards a more scalable and Pl-aligned logistics configuration. In practical
terms, a mechanism may combine process rules, coordination arrangements, governance provisions,
digital supports, or standard operational artefacts, depending on the type of structural issue that emerges
from the assessment.

A key point of the methodology is that it does not assign one mechanism to each individual gap. Such an
approach would produce a fragmented output and would make cross-case interpretation difficult. Instead,
the most relevant gaps are read together and interpreted as a gap pattern. When several dimensions point
to the same underlying limitation, they are treated as part of a common transition problem. In this way, the
mechanism does not emerge from a single score taken in isolation, but from the combination, weighting
and interpretation of the most relevant gaps across dimensions.

This translation logic is also consistent with the broader conceptual approach developed in Task 1.2. The
barriers identified in Task 1.1 are not treated as isolated obstacles to be solved one by one, but as
interconnected signals of those organisational, operational, and technical conditions that still need to be
strengthened, formalised, or standardised. The same logic applies here: the role of the mechanism is not to
“fix” an isolated gap, but to respond to a recurring structural pattern that constrains progression from pilot
application towards a more repeatable and transferable configuration.

The proposed mechanisms remain anchored to the PINorm core. In particular, they are primarily associated
with one of three main transition areas: process standardisation, interoperable information and
documentation flows and governance and compliance. Other dimensions, such as market conditions,
organisational readiness, or sustainability performance, remain highly relevant, but they are interpreted as
factors that influence the urgency, feasibility, and applicability of a mechanism rather than as fully separate
mechanism families.

At this stage of the work, the translation from prioritised gaps to scaling mechanisms has been structured
through a first draft mechanism table. The purpose of this table is not to provide a final and closed
taxonomy, but to establish an initial and consistent translation logic linking recurrent gap patterns to
candidate mechanisms. It should therefore be understood as an evolving analytical component, which will
need to be refined, adjusted, and expanded as the methodology is progressively applied to the different LIs
and discussed with the pilot actors. In this sense, the current version of the table is intended to indicate the
direction of the mechanism logic and to provide an initial basis for comparable interpretation across cases.
Table 11 summarises this first draft translation logic.

Table 14. Example of Gap patterns and candidate scaling mechanisms

Candidate scaling Primary PI Norm

Prioritised gap pattern Main issue identified

mechanism anchor
The service works in a pilot setting but is

Operational + Regulatory, . Standard operating Process

. not yet formalised as a repeatable .

policy and governance . model package standardisation

operating model
Technological + Regulatory, Data exchange exists, but it is not ygt Int_eroperable da.ta Interoperable

. robust enough for scalable and compliant | sharing and compliance

policy and governance flows

deployment package
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The innovation lacks an integrated
structure combining repeatable Integrated scaling Governance and
processes, interoperable flows and formal package compliance
coordination
The innovation is technically viable, but

Operational +
Technological + Regulatory,
policy and governance

Market and economic + . . Onboarding and Governance and
Societal and organisational adoption remains weak and actor adoption package compliance
participation is not yet stabilised P P P
tainabilit ls are present, but th
Sustainability and Sustainability goals a e_p ese' , bu . ey Sustainability Process
. - . are not yet embedded in routine service . . .
circularity + Operational integration package standardisation

execution

Taken together, this step allows the methodology to move from diagnosis to a first action-oriented
interpretation. The weighted gap profile identifies where the most relevant scale-up constraints are located;
the mechanism logic interprets those constraints as recurrent patterns and links them to a limited set of
candidate transition packages. In this way, the assessment does not stop at the identification of what is
missing, but begins to indicate which types of structured intervention may be needed to support the next
stage of LI progression.

9. Cross-cutting insights

9.1 GUIDELINES FOR SCALING LIs

The analysis carried out in T1.1 and T1.2 indicates that the scaling of Logistics Innovations should be
approached as a structured transition from pilot application to repeatable, interoperable and Pl-aligned
deployment, rather than as a simple expansion in size or geographicalreach. In practical terms, this requires
each LI to define a credible target condition, assess its current maturity in a structured way, and then
prioritise the gaps that most constrain replication and broader uptake. Across the different LI contexts, the
most robust scaling pathways are those that combine three mutually reinforcing elements: standardised
operational processes, interoperable and compliance-ready information flows, and governance
arrangements that clearly define roles, responsibilities and access conditions. This shows that isolated
technical improvements are rarely sufficient on their own. Innovations scale more effectively when they are
translated into integrated transition packages that reduce dependence on local exceptions, informal
coordination and pilot-specific workarounds. On this basis, the Rulebook suggests a common direction of
development for all LIs: from ad hoc implementation to repeatable service models, from fragmented data
exchange to structured interoperability and from temporary pilot coordination to auditable and reusable
governance mechanisms consistent with the PI Norm.

Thiswork is conducted in combination with Tasks 1.3 and 3.1 where clear guidelines and priorities for scaling
up LIs will be provided. The results will be included in D1.2 and D3.1.

9.2 INTERDEPENDENCIES BETWEEN BARRIERS AND ENABLERS

The barrier and enabler analysis undertaken in T1.1 demonstrates that constraints and enabling conditions
in logistics scaling form a reinforcing system, where each dimension conditions the effectiveness of the
others. Approximately 30% of the 1,800 literature-derived barrier observations span two or more analytical
domains, and Jaccard similarity between the technological and social domains reaches 0.849, confirming
that technological fragmentation, organisational misalignment, regulatory ambiguity and economic
uncertainty rarely operate in isolation. The corresponding scaling-enabling factors exhibit the same multi-
dimensional structure: interoperability standards deliver limited value without data governance frameworks
that resolve ownership and liability; data governance frameworks in turn depend on trust-building
mechanisms and neutral intermediaries to secure voluntary participation; trust mechanisms become
credible only when supported by economic de-risking instruments that make first-mover participation
viable; and economic incentives achieve scale only where regulatory clarity removes compliance ambiguity.
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This chain logic is reinforced by the pilot-level evidence, which shows that the trust deficit blocks data
sharing, absent data sharing prevents interoperability investments from delivering value, unrealised value
sustains ROI uncertainty, ROl uncertainty deters participation, and insufficient participation prevents
governance models from being validated at scale. The operational implication is sequencing: interventions
targeting a single barrier family, however technically sound, are structurally insufficient, and effective
scaling requires the simultaneous mobilisation of governance, technical, economic and regulatory levers in
a coordinated configuration rather than through parallel but disconnected workstreams.

9.3 ALIGNMENT WITH ZEL/Pl ROADMAPS

The scaling logic developed in this Rulebook can also be read against the two broader transition frameworks
that shape the project context. The Physical Internet roadmap provides a structured view of how logistics
systems are expected to evolve towards more open, standardised, interoperable and shared configurations
across five areas of development.

Scatiered and Rules and' Foundation of Industrial adoption Stable PI
nbsincdtems, || ggiemence o Plgovemance of s and rles and madels

Governance | ™les and standards platforms ] body models

| Sectorial, regional, |
Pooling and sempless ventical P Large-scale PI P Everyone can
Access and alliances i demonstrations s access the PI

Adoption

‘ Silos within silos Network to I Extended Scalable logistics s Cﬂmplflm Pl i
System of (separated network inter-network networks .0
Logistics Networks subnetworks) |  connectivity connectivity interconnectivity

interconnectivity

. , Operational ’ [ sense-and-espond Fully autonomous
Logistics R’*!"‘"h‘m‘"“ Synchromodality M“"‘D‘ef“‘l“l"‘““ optimisation of Pl network services ligg
Networks plations Physical Intranets ot | networ iows and operations ’\\%III[
e
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Figure 9. PI Roadmap

The Zero Emissions Logistics roadmap complements this perspective by identifying the main solution areas
through which freight transport and logistics can reduce emissions over time. Read together, the two
roadmaps provide the wider reference frame within which the five IKIGAI Logistics Innovations can be
positioned: the Pl roadmap clarifies the systemic direction of logistics transformation, while the ZEL
roadmap clarifies the main decarbonisation levers that this transformation is expected to activate. In this
sense, the roadmap alignment presented here is not an additional classification exercise, but a way to show
how the scale-up pathways identified in T1.1 and T1.2 connect operational standardisation, interoperability
and governance with the broader transition towards zero-emission and Pl-compliant logistics.

The positioning exercise carried out through the dedicated Pl and ZEL roadmap spreadsheets shows that the
five IKIGAI Logistics Innovations should be read as complementary transition pathways rather than as
isolated pilot solutions.

Pl Mapping

In the Pl mapping, the portfolio is concentrated mainly in Generation 2, which is consistent with the project
ambition of moving the LIs from early demonstration towards more structured, interoperable and scalable
configurations during the project lifetime. At the same time, the mapping highlights differentiated roles
across the five Pl areas of development. LI1 is positioned across all five areas, reflecting its cross-cutting
relevance for nodes, networks, access and governance. LI2 is mainly located in Logistics Networks, System
of Logistics Networks, Access and Adoption, and Governance. LI3 is centred on Logistics Nodes and
Logistics Networks, with a strong urban and multimodal orientation. LI4 is positioned mainly in System of
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Logistics Networks, Access and Adoption, and Governance, confirming its role as a traceability and trust-
enabling layer rather than as a stand-alone operational network solution. LI5 spans all Pl areas and is the
onethat already reaches Generation 3in Logistics Networks, which makes it particularly relevant as an early
case of more advanced operational standardisation and pooling logic. The overall picture confirms that the
IKIGAI portfolio does not follow a single Pl pathway, but combines several entry points across nodes,
networks, adoption and governance in a coherent scale-up trajectory.

Table 15. Current Areas of Development for Lis

Areas of development

Logistics Logistics System of Access & Governance
Networks Logistics networks Adoption

LI1 Trustee matchm.aklng and GEN 2 GEN 2 GEN 2 GEN 2 GEN 2
" volume pooling
@ - - -
S LI2 efti collaborative service GEN 2 GEN 2 GEN 2 GEN 2
c platform
(@] . .
< LI3 Smart Urban Logistics GEN 2 GEN 2 GEN2
o Hubs
% | Ll4Digital chain of custody &
§o Book & Claim GEN 2 GEN 2 GEN 2
LI5 GS1 SMART-Box & open GEN 2 GEN 3 GEN 2 GEN 2 GEN 2
pooling governance
ZEL Mapping

The ZEL mapping confirms that this Pl trajectory is coupled with a diversified decarbonisation logic. LI1, LI2 and LI5
are primarily associated with Solution Area 3, which focuses on improving the utilisation and sharing of fleets and
assets through load optimisation, consolidation, pooling and more open transport and warehousing
arrangements. LI3 is primarily positioned in Solution Area 2, highlighting its contribution to modal shift,
multimodal optimisation and synchromodality in urban logistics. LI4 is primarily aligned with Solution Area 5,
where its contribution is not direct emission reduction in itself but the creation of a credible information and
accounting layer for allocating and reporting lower-emission energy choices across the chain. Secondary
alignments show further links with Solution Areas 1 and 4, especially where the LIs support operational efficiency,
the performance of logistics centres and fleets, and selected demand-management effects.
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LI /Area role Area name Solutions GHG positioning
3.1 Load optimisation (E)
Main 3. Fleets and assets are shared |3.2 Load consolidation and asset sharing (E)
and used to the max 3.4 Back-hauling (D)
Li1 3.5 Open warehouses and transport networks (B)
Trustee 2.1 Increased use of rail, waterborne and low- Medium-high impact on
matchmaking 2. Transport modes are smartly |emission modes (D) GHG in the medium-
and volume used and combined 2.2 Multi-modal optimisation (E) term
pooling econdar 2.3 Synchromodality (B)
5. Fleets and assets use the
lowest-emission energy source |5.5 Electric / hybrids (A, E)
feasible
. | 8. Fleets and assets are shared 8.1Load optlmls‘atlc?n (E) -
Main 3.2 Load consolidation and asset sharing (E)
and used to the max -
L2 3.4 Back-hauling (D)
2.1 Increased use of rail, waterborne and low-emissio, Medium-high impact on
eFTI 2. Transport modes are smartly - —— . .
. . 2.2 Multi-modal optimisation (E) GHG in the medium-
collaborative used and combined -
. 2.3 Synchromodality (B) term
service platform pecondar — -
4.1 Cleaner and efficient technologies (G)
4. Fleets and assets are energy :
. 4.4 Fleet operation (G, H)
efficient -
4.5 Telematics / TMS (D)
2.1Increased use of rail, waterborne and low-emissio|
. |2.Transport modes are smartly : T
Main . 2.2 Multi-modal optimisation (E)
used and combined -
2.3. Synchromodality (B)
LI 1L timisation (E
3 3 oad op |m|§a u?n( ) z Medium-high impact on
Smart Urban 3. Fleets and assets are shared |3.2. Load consolidation and asset sharing (E) . .
. : GHG in a medium-term
Logistics Hubs econdar and used to the max 3.4. Back-hauling (D)
3.5. Open warehouses and transport networks (B)
4. Fleets and assets are energy |4.4. Fleet operation (G/H)
efficient 4.5. Telematics / Transport Management Systems (D)
Lia 5.2. CNG/LNG (G)
.3. Biofuels (H
Digital chain of Main 5. Fleets and assets use the 2 j Hlodl:: 2:1 ()C) Ll 4is an enabler, not
custody & Book lowest energy source feasible —— y g : particulary relevant
&Claim 5.5. Electric / hybrids (A/E)
5.6. Logistics centres and warehouses (G)
3.1. Load optimisation (E)
Main 3. Fleets and assets are shared |3.2. Load consolidation and asset sharing (E)
LI5S and used to the max 3.3. Modular packaging and boxes (E)
GS1 SMART-Box 3.5. Open warehouses and transport networks (B) Medium impact on GHG
n lin 1. Freight transport deman in amedium-term
&open pooling elg a,] sportdemand 1.5. Dematerialisation (F) amedium-te
governance growth is managed
econdar

4. Fleets and assets are energy
efficient

4.6. Logistics centres and warehouses (G)

Figure 10. ZEL Analysis for LIs
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Figure 11. ZEL Roadmap 2050

Read together, the two mappings confirm the core logic of the Rulebook: the IKIGAI portfolio connects PI
development steps with ZEL decarbonisation measures through three common levers, namely standardised
processes, interoperable documentation flows and governance and compliance mechanisms.

10.Conclusions, recommendations, next steps

10.1 ROADMAP FOR IMPLEMENTATION (SHORT, MEDIUM, LONG-TERM)

The implementation roadmap emergingfromT1.1 and T1.2 should be understood as a staged transition logic
rather than as a closed action plan completed within WP1. In the short term, the priority is to consolidate
the analytical outputs developed in this Rulebook, including the identification of scaling conditions, the
structured assessment of current maturity, the prioritisation of gaps, and the initial definition of candidate
scaling mechanisms, so that each Logistics Innovation can enter the next phase of the project with a clearer
understanding of its main dependencies and transition needs. In the medium term, these outputs are
expected to be operationalised through WP3, and in particular through Task 3.1, where they will support pilot
planning, pre-audit activities, gap assessment and the first application of the PI-Norm-oriented readiness
logic in the demonstration contexts. In the longer term, the objective is not simply to confirm the analytical
findings produced in WP1, but to refine and update them through pilot evidence, audit results and impact-
at-scale activities, so that gap profiles, implementation priorities and candidate scaling mechanisms can
progressively evolve into a stronger basis for replication, standardisation and wider deployment. For this
reason, the present deliverable should be read as the first structured layer of the implementation roadmap,
while further developments related to scaling mechanisms, gap analysis, readiness and associated
assessment elements will be discussed in the subsequent WP3 deliverables, especially those linked to Task
3.1.
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From analytical foundation (WP1) to pilot execution, gap assessment and scale-up (WP3 - Task 3.1)

WP1
ANALYTICAL FOUNDATION

Outputs from T1.1 and T1.2
provide the common
analytical and
methodological basis
for the next phases

Identification of
scaling conditions

Assessment of current
maturity of LIs
Prioritisation of l

gaps

Initial definition of
candidate scaling
mechanisms

P @ B O

First mapping of

Consolidate analytical outputs

from WP1

« Clarify scaling conditions
for each LI

« Assess current maturity
and readiness

« Identify and prioritise
the most critical gaps

« Define first set of candidate
scaling mechanisms

« Establish a clearer view
of dependencies and

4 MEDIUM TERM
E Operationalise and test

2

Operationalise through WP3,

especially Task 3.1

« Integrate inputs from WP1,

WP2 and WP3

+ Develop the pilot execution

plan

« Carry out pre-audit and

gap analysis

« Apply PI-Norm-oriented

readiness logic

« Produce the first assessment

of Lls in pilot contexts

/j' LONG TERM

ul l Refine and scale

%

Refine through evidence
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« Validate and refine gap

profiles through pilot
execution

« Update and strengthen

candidate scaling
mechanisms
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« Derive implementation

priorities for replication

GDIKIGAI
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transition needs

transition needs
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LOOKING AHEAD: UPDATES IN WP3 DELIVERABLES
@ The candidate scaling mechanisms, gap patterns and readiness findings presented in this deliverable constitute an initial and evolving basis.

Further updates on gap analysis, scaling mechanisms, readiness, compliance and assessment results will be reported in subsequent WP3 deliverables,
especially those linked to Task 3.1 and to the wider pilot assessment cycle.

Updatedgap  Refinedscaling Implementation  Readiness &
mechanisms priorities compliance
status

ﬁa

D3.1 and subsequent WP3 deliverables

WP1 provides the analytical

[ V73 Tesk3.1 operationalies, tests and assesses
and methodological foundation

Continuous feedback refines mechanisms, closes gaps >> AN ITERATIVE, EVIDENCE-BASED PATH
through pilots, audits and impact evaluation

and supports scale-up and standardisation TOWARDS SCALE AND COMPLIANCE

Figure 12. IKIGAI Roadmap Implementation

10.2

The evidence consolidated in this deliverable carries direct implications for policy and governance action at
European, national and sub-national levels. At European level, the momentum created by the eFTI
Regulation, the Data Act, the Data Governance Act and the Green Deal framework provides a supportive
foundation, but the analysis shows that regulatory enabling is most effective when it reduces ambiguity
rather than adding compliance requirements; accelerated adoption of delegated and implementing acts
under eFTIl, a clearer institutional home for Book & Claim in freight, and safe-harbour guidance for
competition-sensitive horizontal collaboration would remove three of the most recurrent constraints
surfaced in the pilot evidence. At national level, uneven transposition of EU instruments (including delayed
eCMR ratification and country-specific deviations in digital freight documentation) compounds the
coordination burden on cross-border Lls and should be addressed through targeted harmonisation support
to Member States, backed by standardised legal templates for consortium agreements, liability allocation
and data-sharing arrangements. At sub-national level, the multiplicity of municipal permitting, public-space
and labour-regulation regimes encountered by urban LlIs demonstrates the need for tighter integration
between EU-level logistics policy and national SUMP/SULP frameworks, so that TEN-T corridor
commitments and AFIR infrastructure obligations translate into coherent local deployment conditions
rather than fragmented site-by-site negotiation. Beyond the regulatory dimension, the analysis points to
governance design as a first-order policy concern in its own right: neutral trustee architectures, transparent
benefit-sharing rules and standardised data-governance models are structural preconditions for scaling
collaborative logistics, and public authorities have a legitimate role in endorsing, certifying or co-funding
such arrangements to accelerate their adoption. These implications inform the scalers and sequenced
interventions formalised in the Innovation Agenda (T1.2) and feed directly into IKIGAI's engagement with the
Pl Coalition (C4) and with EU, national and regional policymakers over the remainder of the project.

PoLICY AND GOVERNANCE IMPLICATIONS

Page 50 of 76



D1.1 Rulebook @'IKI,GAI-

10.3 CONTRIBUTIONS TO PI NORM AND PILOTS

The outputs of T1.1 and T1.2 are designed to feed directly into the parallel workstreams developed in WP2
(PI'Norm) and WPS3 (Pilots), ensuring that standardisation and pilot implementation proceed from a shared
evidence base rather than from independent starting points. For WP2, the 21 barrier families and their
mapping to scaling-enabling factors identify where standardisation is most needed and why: lack of
interoperability standards and common protocols, unclear data ownership and liability, platform and
system integration complexity, and regulatory fragmentation across jurisdictions are the four areas where
the Rulebook's pain-point analysis gives WP2 a prioritised agenda for specifying PI Norm procedures, data
models and governance templates. The LI-Sx-Px anchoring preserved throughout 86 provides WP2 with
procedure-level traceability, so that norm specifications can be tested against the actual operational
contexts in which they must function. For WP3, the pilot-level findings deliver three operational inputs: a
differentiated intervention logic reflecting that dominant barrier categories vary meaningfully by LI
(regulatory in LI2, societal in LI3B, institutional in LI4, governance design in LI5); a sequencing principle
establishing that governance rules, liability frameworks and trust-building arrangements must be resolved
before or alongside technical deployment rather than afterwards; and a set of cross-cutting de-risking
mechanisms, neutral trustee arrangements, phased onboarding, guaranteed minimum volume
commitments and standardised benefit-sharing, that inform pilot design across all LIs. Together, these
contributions ensure that WP2 develops standards addressing demonstrably binding constraints, and that
WP3 pilots generate the evidence needed both to validate those standards and to populate the Scale
Readiness Level framework and Pl Readiness Mapper developed in subsequent WP1 activities.

Page 51 0f 76



D1.1 Rulebook @'IKI,GAI-

11.References

11.1 LITERATURE

ACEEE Topic Brief. (2021). Smart Freight Data Exchange.
https://www.aceee.org/sites/default/files/pdfs/Smart%20Freight%20Data%20Exchange%2011-18-21.pdf

Akgun, E. Z., Monios, J., & Fonzone, A. (2020). Supporting urban consolidation centres with urban freight transport
policies: A comparative study of Scotland and Sweden. International Journal of Logistics Research and
Applications, 23(3), 291-310. https://doi.org/10.1080/13675567.2019.1679743

Al-dal'ain, R., & Celebi, D. (2021). Planning a mixed fleet of electric and conventional vehicles for urban freight with
routing and replacement considerations. Sustainable Cities and Society, 73, 103105.
https://doi.org/10.1016/j.s¢s.2021.103105

Alaei, S., Mommens, K., Duran-Micco, J., & Macharis, C. (2024). Evaluating logistics companies' readiness towards
adopting synchromodality in the Flanders region. Sustainability, 16(11), 4834.
https://doi.org/10.3390/su16114834

Alanazi, F. (2023). Electric vehicles: Benefits, challenges, and potential solutions for widespread adaptation. Applied
Sciences, 13, 6016. https://doi.org/10.3390/app13106016.

Alavi-Borazjani, S. A., Bengue, A. A., Chkoniya, V., & Shafique, M. N. (2025). An overview of critical success factors for
digital shipping corridors: A roadmap for maritime logistics modernization. Sustainability, 17, 5537.
https://doi.org/10.3390/su17125537

Aloui, A., Hamani, N., Derrouiche, R., & Delahoche, L. (2021). Systematic literature review on collaborative
sustainable transportation: Overview, analysis and perspectives. Transportation Research Interdisciplinary
Perspectives, 9, 100291. https://doi.org/10.1016/j.trip.2020.100291

Andra Blaj, Henk Mulder, David Sauv, Arnaud Lambert, Christophe Lambert: ONE Record: One Step Closer to Digital
Cargo with Ontologies and Linked Data. ISWC (Demos/Industry) 2020: 384-386

Annosi, M. C., Brunetta, F., Bimbo, F., & Kostoula, M. (2021). Digitalization within food supply chains to prevent food
waste: Drivers, barriers and collaboration practices. Industrial Marketing Management, 93, 208-220.
https://doi.org/10.1016/j.indmarman.2021.01.005

Anosike, A., Loomes, H., Udokporo, C. K., & Garza-Reyes, J. A. (2023). Exploring the challenges of electric vehicle
adoptioninfinal mile parcel delivery. International Journal of Logistics Research and Applications, 26(6), 683-
707. https://doi.org/10.1080/13675567.2021.1978409

Aron, C., Sgarbossa, F., Ballot, E. et al. Cloud material handling systems: a cyber-physical system to enable dynamic
resource allocation and digital interoperability. J Intell Manuf 35, 3815-3836 (2024).
https://doi.org/10.1007/510845-023-02262-6

Badraoui |, van der Lans IA, Boulaksil Y, van der Vorst JG (2024), "Horizontal logistics collaboration success factors:
expectations versus reality". Benchmarking: An International Journal, Vol. 31 No. 1 pp. 29-52, doi:
https://doi.org/10.1108/BlJ-04-2022-0274

Badraoui, I., Van der Vorst, J. G. A. J., & Boulaksil, Y. (2020). Horizontal logistics collaboration: an exploratory study in
Morocco's agri-food supply chains. International Journal of Logistics Research and Applications, 23(1), 85-
102. https://doi.org/10.1080/13675567.2019.1604646

Page 52 of 76



D1.1 Rulebook @'IKI,GAI-

Balci, G., & Surucu-Balci, E. (2021). Blockchain adoption in the maritime supply chain: Examining barriers and salient
stakeholders in containerized international trade. Transportation Research Part E: Logistics and
Transportation Review, 156, 102539. https://doi.org/10.1016/j.tre.2021.102539

Barbosa, M. W., de Sousa, P. R., & de Oliveira, L. K. (2022). The effects of barriers and freight vehicle restrictions on
logistics costs: A comparison before and during the COVID-19 pandemic in Brazil. Sustainability, 14, 8650.
https://doi.org/10.3390/su14148650

Batarliené, N., & Bazaras, D. (2023). Solutions to the problem of freight transport flows in urban logistics. Applied
Sciences, 13(7), 4214. https://doi.org/10.3390/app13074214

Behnke & Kirschstein (2021). The impact of path-based consolidation on last-mile delivery efficiency. Transportation
Research Part E, 152, 102380. DOI: 10.1016/j.tre.2021.102380.

Bellini, P.; Bilotta, S.; Collini, E.; Fanfani, M.; Nesi, P. (2024). Data Sources and Models for Integrated Mobility and
Transport Solutions. Sensors, 24, 441. https://doi.org/10.3390/524020441

Bendkowski, J. M., Bendkowski, J. M., (2020). Development of freight transport in the European Union - selected
issues. Scientific papers of Silesian University of Technology. Organization and management series no. 145.
DOI: http://dx.doi.org/10.29119/1641-3466.2020.145.2

Bjargen, A., & Ryghaug, M. (2022). Integration of urban freight transport in city planning: Lessons learned.
Transportation Research Part D: Transport and Environment, 107, 103310.
https://doi.org/10.1016/j.trd.2022.103310

BoZic, D.; Zivicnjak, M.; Stankovic, R.; Ignjatic, A. Impact of the Product Master Data Quality on the Logistics Process
Performance. Logistics 2024, 8, 43. https://doi.org/10.3390/logistics8020043

Buldeo Rai, H., & Dablanc, L. (2023). Hunting for treasure: a systematic literature review on urban logistics and e-
commerce data. Transport Reviews, 43(2), 204-233. https://doi.org/10.1080/01441647.2022.2082580

Burilovi¢ et al. (2020). Economic and Social Development (Book of Proceedings): 63rd International Scientific
Conference on Economic and Social Development - “Building Resilient Society” (Zagreb, 11-12 December
2020). DOI: https://www.bib.irb.hr:8443/1098662

Caiazzo da Silva, A. C. A., & Pizzolato, N. D. (2022). Using electric vehicles for freight transport purposes and
challenges to do an implementation in Brazil. Ambiente & Sociedade, 25. https://doi.org/10.1590/1809-
4422as0c20210183r2vu2022L30A.

Castillo, C., Panadero, J., Alvarez-Palau, E.J. et al. Towards greener city logistics: an application of agile routing
algorithms to optimize the distribution of micro-hubs in Barcelona. Eur. Transp. Res. Rev. 16, 44 (2024).
https://doi.org/10.1186/s12544-024-00669-7

Cebeci, M. S., Tapia, R. J., Kroesen, M., de Bok, M., & Tavasszy, L. (2023). The effect of trust on the choice for
crowdshipping services. Transportation Research Part A, 170, 103622.
https://doi.org/10.1016/j.tra.2023.103622

Chargui, T., Bekrar, A., Reghioui, M., & Trentesaux, D. (2019). A simulation-optimization approach for two-way
scheduling/grouping in a road-rail Physical Internet hub. IFAC-PapersOnLine, 52(13), 1644-1649.
https://doi.org/10.1016/j.ifacol.2019.11.436

Choi, D., Chung, C. Y., Seyha, T., & Young, J. (2020). Factors Affecting Organizations' Resistance to the Adoption of
Blockchain Technology in Supply Networks. Sustainability, 12(21), 8882.
https://doi.org/10.3390/su12218882

Page 53 0f 76



D1.1 Rulebook @'IKI,GAI-

Cichosz, M., Wallenburg, C. M., & Knemeyer, A. M. (2020). Digital transformation at logistics service providers:
barriers, success factors and leading practices. The International Journal of Logistics Management, 31(2),
209-238. https://doi.org/10.1108/1JLM-08-2019-0229

Cortez Clavo, L. K., Salazar Mufioz, M. I., & Moran Santamaria, R. O. (2025). Digitalisation to improve automated agro-
export logistics: Comprehensive bibliometric analysis [Preprint]. Preprints.
https://doi.org/10.20944/preprints202501.2143.v1

Cruijssen, F. (2012). CO® Position Paper: Framework for Collaboration (Deliverable D2.1). co® Project (FP7 Grant No.
284926).

Cruijssen, F. (2020). Cross-Chain Collaboration in Logistics: Looking Back and Ahead. Springer. DOI: 10.1007/978-3-
030-57093-4.

Cruz-Daravina, P. A., & Bocarejo Suescun, J. P. (2021). Freight operations in city centers: A land use conflict in urban
planning. Land Use Policy, 108, 105575. https://doi.org/10.1016/j.landusepol.2021.105575

Cus$-Babic, N.; Guerra De Oliveira, S.F.; Tibaut, A. Interoperability of Infrastructure and Transportation Information
Models: A Public Transport Case Study. Appl. Sci. 2022, 12, 6234. https://doi.org/10.3390/app12126234

daSilva, R. M., Frederico, G. F., & Garza-Reyes, J. A. (2023). Logistics Service Providers and Industry 4.0: A Systematic
Literature Review. Logistics, 7(1), 11. https://doi.org/10.3390/logistics7010011

Dadsena, K. K., Pant, P., Paul, S. K., & Pratap, S. (2024). Overcoming strategies for supply chain digitization barriers:
Implications for sustainable development goals. Business Strategy and the Environment, 33(5), 3887-3910.
https://doi.org/10.1002/bse.3681

Dalle, J., Hayat, A., Akrim, A., Tirtayasa, S., Sulasmi, E., & Prasetia, I. (2021). The influence of accounting information
system and energy consumption on carbon emission in the textile industry of Indonesia: Mediating role of the
supply chain process. International Journal of Energy Economics and Policy, 11(1), 536-543.
https://doi.org/10.32479/ijeep.10693

Dasaklis, T.K.; Kopanaki, E.; Chountalas, P.T.; Rachaniotis, N.P.; Voutsinas, T.G.; Giannakis, K.; Chondrokoukis, G.
Exploring the Implementation Challenges of the Electronic Freight Transport Information (eFTl) Regulation:
An Empirical Perspective from Greece. Logistics 2024, 8, 30. https://doi.org/10.3390/logistics8010030

Davydenko, L., Davydenko, N., Bosak, A., Bosak, A., Deja, A., & Dzhuguryan, T. (2022). Smart Sustainable Freight
Transport for a City Multi-Floor Manufacturing Cluster: A Framework of the Energy Efficiency Monitoring of
Electric Vehicle Fleet Charging. Energies, 15(10), 3780. https://doi.org/10.3390/en15103780

de Bok, M., Tavasszy, L., Thoen, S., Eggers, L., & Kourounioti, I. (2025). MASS-GT: An empirical model for the simulation
of  freight policies. Simulation Modelling Practice and Theory, 142, 103140.
https://doi.org/10.1016/j.simpat.2025.103140

Deloitte. (2019). Digitalization in Freight Forwarding-Beyond the Platform Hype. (Included in 116543562.pdf).

DHL. (2020). The Digital Revolution of Freight Forwarding: Not a Matter of If, but When. (Included in 116543562.pdf).
Digital Logistics Industry News. (2018). Challenges Faced by Logistics Sector in Dubai. (Included in 116543562.pdf).
Ding, Y. et al. (2020). Smart Logistics Based on the loT Technology: An Overview. (Cited in 116543562.pdf).

Drees, H., Kubitza, D. O., Lipp, J., Pretzsch, S., & Schlueter Langdon, C. (2021). Mobility Data Space - First
Implementation and Business Opportunities. Proceedings of the 27th ITS World Congress, Hamburg.

Page 54 0f 76



D1.1 Rulebook @'IKI,GAI-

Efti, S. J. (2024). The Human Rights Act 1998 and Parliamentary Sovereignty: A Constitutional Balancing Act. Available
at SSRN: https://ssrn.com/abstract=5620190 or http://dx.doi.org/10.2139/ssrn.5620190

Elmay, F. K., Salah, K., Yaqoob, |., Jayaraman, R., Battah, A., & Maleh, Y. (2022). Blockchain-Based Traceability for
Shipping Containers in Unimodal and Multimodal Logistics. IEEE Access, 10, 133539-133556.
https://doi.org/10.1109/ACCESS.2022.3231689

Essawy, M. S. (2024). Achieving Interoperability in Mobility as a Service: A Data Ecosystem leveraging Semantic Web
Technologies (PhD thesis). University of Nottingham Malaysia.

European Commission. (2021). Electronic Freight Transport Information (eFTl) - White Paper.

Ezgeta, D., Causevi¢, S., & Mehanovié, M. (2022). Challenges of physical and digital integration TEN-T networks in
Southeast European countries. Transportation Research Procedia, 64, 270-279.
https://doi.org/10.1016/j.trpro.2022.09.031

Fahima, P.B.M., AnaR., Rezaeia J., Pangb, Y., Montreuilc B.,Tavasszy, L. (2021). An information architecture to enable
track-and-trace capability in Physical Internet ports. DOI: https://doi.org/10.1016/j.compind.2021.103443

Fajemisin, A. O. and Rey, D. & Brusset, X. (2024). Coordinating Delivery Service Providers for Greener Two-Echelon
Vehicle Routing Via Bilevel Optimization: Exact and Data-Driven Methods. Available at SSRN:
https://ssrn.com/abstract=4890494 or http://dx.doi.org/10.2139/ssrn.4890494

Falcao, R.; Matar, R.; Rauch, B.; Elberzhager, F.; Koch, M. A(2023) Reference Architecture for Enabling Interoperability
and Data  Sovereignty in  the  Agricultural Data  Space. Information, 14, 197.
https://doi.org/10.3390/info14030197

Fanelli, R. M. (2021). Barriers to adopting new technologies within rural small and medium enterprises (SMEs). Social
Sciences, 10, 430. https://doi.org/10.3390/socsci10110430

Ferrell, W., Ellis, K., Kaminsky, P., & Rainwater, C. (2020). Horizontal collaboration: opportunities for improved
logistics  planning. International Journal of Production Research, 58(14), 4267-4284.
https://doi.org/10.1080/00207543.2019.1651457

Ferrer Garcia, L. (2023). Urban freight consolidation initiatives: The case of London schools (Master's thesis).
University of Westminster.

Freitag M., Kotzab H., Megow N.(Eds). (2021). Dynamics in Logistics Twenty-Five Years of Interdisciplinary Logistics
Research in Bremen, Germany. Springer. DOI: https://doi.org/10.1007/978-3-030-88662-2

Galati et al. (2021). Exploring the feasibility of introducing electric freight vehicles in the short food supply chain: A
multi-stakeholder  approach. Case Studies on Transport Policy, 9, 950-957. DOI:
10.1016/j.cstp.2021.04.015.

Galkin, A., Nazarov, O., Shapoval, G., Kolosok, V., Khodova, Y., & Kuznetsov, A. (2022). Assessment of the urban freight
regulations impact on the transportation cost. Acta Logistica, 9(2), 99-104.
https://doi.org/10.22306/al.v9i2.279

Gang, P., Wang, S. X,, Zhao, F., Wang, Z., & Zhang, X. (2024). Blockchain based reverse logistics data tracking: An
innovative approach to enhance e-waste recycling efficiency. World Journal of Innovation and Modern
Technology, 7(4). https://doi.org/10.53469/wjimt.2024.07(04).02

Gansterer, M., Hartl, R. F., & Wieser, S. (2021). Assignment constraints in shared transportation services. Annals of
Operations Research, 305(1), 513-539. https://doi.org/10.1007/s10479-020-03522-x.

Page 55 of 76



D1.1 Rulebook @'IKI,GAI-

Gardrat, M. (2021). Urban growth and freight transport: From sprawl to distension. Journal of Transport Geography,
91, 102979.

Garriga X. Q. (2023). A systematic literature review on Physical Internet containers: Empirical evidence and research
opportunities. Ghent University. MSc Thesis.

Ghasemian Sahebi, I., Masoomi, B., & Ghorbani, S. (2020). Expert oriented approach for analyzing the blockchain
adoption barriers in  humanitarian supply chain. Technology in Society, 63, 101427.
https://doi.org/10.1016/j.techsoc.2020.101427

Giampoldaki, E., Madas, M. A., Zeimpekis, V., & Vlachopoulou, M. (2023). A state-of-practice review of urban
consolidation centres: Practical insights and future challenges. International Journal of Logistics Research
and Applications, 26(6), 732-763. https://doi.org/10.1080/13675567.2021.1972950

Gillstrom, H., & Bjorklund, M. (2024). Assessing the benefits of urban consolidation centres: An overview based on a
systematic literature review. Transport Reviews, 44(5), 972-991.
https://doi.org/10.1080/01441647.2024.2348639

Girteka Logistics. (2021). Digital Freight Forwarders: The Future of Logistics? (Included in 116543562.pdf).

Goncgalves, H., Magalhaes, V. S. M., Ferreira, L. M. D. F., & Arantes, A. (2024). Overcoming Barriers to Sustainable
Supply Chain Management in Small and Medium-Sized Enterprises: A Multi-Criteria Decision-Making
Approach. Sustainability, 16(2), 506. https://doi.org/10.3390/su16020506

Gorman, M.F., Clarke, JP., de Koster, R. et al. Emerging practices and research issues for big data analytics in freight
transportation. Marit Econ Logist 25, 28-60 (2023). https://doi.org/10.1057/s41278-023-00255-z

Grote, M.; Cherrett, T.; Oakey, A.; Martinez-Sykora, A.; Aydemir, |. (2023). Benefits of Shared-Fleet Horizontal Logistics
Collaborations: A Case Study of Patient Service Vehicles Collecting Pathology Samples in a Public Sector
Healthcare Setting. Future Transp., 3, 169-188. https://doi.org/10.3390/futuretransp3010011

Gruchmann, T.; Pratt, N.; Eiten, J.; Melkonyan, A. 4PL Digital Business Models in Sea Freight Logistics: The Case of
FreightHub. Logistics 2020, 4, 10. https://doi.org/10.3390/logistics4020010

Guchhait, S., Parvin, S., Ahmed, S., & Ghosh, K. (2023). Smart logistics and delivery solutions in e-commerce through
computational intelligence. In Applications of Computational Intelligence in Law and Criminology (pp. 59—
78). Brainware University.

Gumbo, T., & Moyo, T. (2020). Exploring the Interoperability of Public Transport Systems for Sustainable Mobility in
Developing Cities: Lessons from Johannesburg Metropolitan City, South Africa. Sustainability, 12(15), 5875.
https://doi.org/10.3390/su12155875

Gunhawan, N., Sopadang, A., Banomyong, R., & Santiteerakul, S. (2025). Readiness Indicators for Physical Internetin
Supply Chain.IPIC2025

Girkan Solmaz, Flavio Cirillo, Jonathan Fiirst, Tobias Jacobs, Martin Bauer, Erné Kovacs, Juan Ramén Santana, Luis
Sanchez. 2022. Enabling data spaces: Existing developments and challenges. In Data Economy (DE '22),
December 9, 2022, Roma, Italy. ACM, New  York, NY, USA, 7 pages.
https://doi.org/10.1145/3565011.3569058

HaBe, H., van der Valk, H., WeiBenberg, N., & Otto, B. (2020). Shared digital twins: Data sovereignty in logistics
networks. In W. Kersten, T. Blecker, & C. M. Ringle (Eds.), Data science and innovation in supply chain
management: How data transforms the value chain (Proceedings of the Hamburg International Conference
of Logistics (HICL), Vol. 29, pp. 763-795). epubli GmbH. https://doi.org/10.15480/882.3119

Page 56 of 76



D1.1 Rulebook @'IKI,GAI-

Heinbach, C., Meier, P. & Thomas, O. Designing a shared freight service intelligence platform for transport
stakeholders using mobile telematics. Inf Syst E-Bus Manage 20, 847-888 (2022).
https://doi.org/10.1007/s10257-022-00572-5

Henninger, A.; Mashatan, A. Distributed Interoperable Records: The Key to Better Supply Chain Management.
Computers 2021, 10, 89. https://doi.org/10.3390/computers10070089

Hettler, M., & Graf-Vlachy, L. (2024). Corporate scope 3 carbon emission reporting as an enabler of supply chain
decarbonization. Business Strategy and the Environment, 33, 263-282. https://doi.org/10.1002/bse.3486.
Document type: academic paper.

Heuck & Margand. (2021). Enabling Platform Business Models for International Logistics. In The Digital Transformation
of Logistics. John Wiley & Sons. (Cited within 116543562.pdf).

Hintjens, J. (2021). Cooperation in the bundling of hinterland flows of adjacent seaports: An application to the
European TEN-T  core ports. Maritime Policy & Management, 48(5), 754-775.
https://doi.org/10.1080/03088839.2020.1861355

Hirata, E., Firdausiyah, N. & Kusumaningdyah, W. (2025) Handling modular containers in a physical internet
environment. Marit Econ Logist 27, 449-475. https://doi.org/10.1057/s41278-024-00307-y

Hoa Tran-Dang, Nicolas Krommenacker, Patrick Charpentier & Dong- Seong Kim (2022) The Internet of Things for
Logistics: Perspectives, Application Review, and Challenges, IETE Technical Review, 39:1, 93-121, DOI:
10.1080/02564602.2020.1827308

Hofman W., Bouter, C., Burghoorn, M., Boertjes, E., de Graaf, E., d'Auria, A., (2022). ( Transport Research Arena (TRA)
Conference) Towards a Mobility Data Space: Data sharing via linked semantic data, an example for eFTI.
Transportation Research Procedia 00, 000-00. https://efti.gr/wp-
content/uploads/2023/01/RA_Lisbon_2022_-
_mobility_data_space_linked_data_and_eFTI_TNO_contribution.pdf

Hotho, A., Blomqvist, E., Dietze, S., Fokoue, A., Ding, Y., Barnaghi, P. M., Haller, A., Dragoni, M., & Alani, H. (Eds.).
(2021). The semantic web - ISWC 2021: 20th International Semantic Web Conference, ISWC 2021, Virtual
Event, October 24-28, 2021, Proceedings (Lecture Notes in Computer Science, Vol. 12922). Springer Cham.
https://doi.org/10.1007/978-3-030-88361-4

Huang, S., Wang, G.,Yan, Y., & Fang, X. (2020). Blockchain-based data management for digital twin of product. Journal
of Manufacturing Systems, 54, 361-371. https://doi.org/10.1016/j.jmsy.2020.01.009

Indrek Kukk, Liisi Jurgen, Ulrika Hurt, Mart K&gu, Tarmo Tuisk, Liis Haal, Jaana Merisaar, Mart Kallaspoolik, Helena
Urbla, Elis Raudkett. (2024). Mapping and analysis of the legal framework for implementing the electronic
freight transport information (eFTl) in Estonia. 268245

Irannezhad, E. (2020). Is blockchain a solution for logistics and freight transportation problems? Transportation
Research Procedia, 48, 290-306. https://doi.org/10.1016/j.trpro.2020.08.023

Jahangir Samet, M., Liimatainen, H., van Vliet, O. P. R., & P6llanen, M. (2021). Road freight transport electrification
potential by using battery electric trucks in Finland and Switzerland. Energies, 14, 8283.
https://doi.org/10.3390/en14040823.

Jain, A., van der Heijden, R., Marchau, V., & Bruckmann, D. (2020). Towards Rail-Road Online Exchange Platforms in
EU-Freight Transportation Markets: An Analysis of Matching Supply and Demand in Multimodal Services.
Sustainability, 12(24), 10321. https://doi.org/10.3390/su122410321

Page 57 of 76



D1.1 Rulebook @'IKI,GAI-

Janjevic, M., & Ndiaye, A. B. (2021). A systematic literature review of sustainable last-mile freight logistics.
Transportation Research Part D: Transport and Environment, 93, 102755.

Juhdsz, J. (2025). Impacts of logistics processes in standardization and traceability systems. Advanced Logistic
Systems - Theory and Practice, 19(3), 38-43. https://doi.org/10.32971/als.2025.014

Kahalimoghadam, M., Thompson, R., Zhang, L., & Kirley, M. (2025). Reconfigurable Physical Internet Driven Urban
Distribution Network. IPIC2025.

Karam, A., Jensen, A.J.K. & Hussein, M. Analysis of the barriers to multimodal freight transport and their mitigation
strategies. Eur. Transp. Res. Rev. 15, 43 (2023). https://doi.org/10.1186/s12544-023-00614-0

Karam, A., Reinau, K. H., & @stergaard, C. R. (2021). Horizontal collaboration in the freight transport sector: Barrier
and decision-making  frameworks.  European Transport Research  Review, 13(1), 53.
https://doi.org/10.1186/s12544-021-00512-3

Karolina Kolinska & Roman Domanski & Szymon Fojutowski, 2022. "Supply Chain Digitization Using GS1 Standards -
Research Results," European Research Studies Journal, European Research Studies Journal, vol. O(Special
A), pages 326-335.

Kaur, J., Kumar, S., Narkhede, B. E., Dabi¢, M., Rathore, A. P. S., & Joshi, R. (2024). Barriers to blockchain adoption for
supply chain finance: The case of Indian SMEs. Electronic Commerce Research, 24, 303-340.
https://doi.org/10.1007/510660-022-09566-4

Kaur, R., Patsavellas, J., Haddad, Y., & Salonitis, K. (2024). The concept of carbon accounting in manufacturing
systems and supply chains. Energies, 17(1), 10. https://doi.org/10.3390/en17010010. Document type:
academic paper.

Kayikci, Y., Zavitsas, K., Franklin, R., and Cebeci, M. (2023). Physical Internet-driven last mile delivery: Performance
requirements across people, process, and technology. In: IPIC 2023 - 9th International Physical Internet
Conference, Athens, Greece, 13 Jun 2023 - 15 Jun 2023.
https://ipic2026.pi.eventssites/default/files/IPIC2023_Proceedings.pdf

Keogh, J. G., Rejeb, A., KHAN, N., Dean, K., & Hand, K. J. (2020). Blockchain and GS1 Standards in the Food Chain: A
Review of the Possibilities and Challenges. In Building the Future of Food Safety Technology, 1st Edition,
Blockchain and Beyond. Elsevier. https://orbilu.uni.lu/handle/10993/42909

Kin, B., Hopman, M., & Quak, H. (2021). Different charging strategies for electric vehicle fleets in urban freight
transport. Sustainability, 13, 13080. https://doi.org/10.3390/su132313080

Kine, H. Z., Gebresenbet, G., Tavasszy, L., & Ljungberg, D. (2023). State of digital technology adoption in intermodal
freight transport: Empirical evidence from Ethiopia. World Review of Intermodal Transportation Research,
11(4), 362-395. https://doi.org/10.1504/WRITR.2023.10063022

Kocaoglu B. (2024). Logistics Information Systems Digital Transformation and Supply Chain Applications in the 4.0
Era. Springer. DOI: https://doi.org/10.1007/978-3-031-60290-0

Kolinski, A., & Werner-Lewandowska, K. (2021). Determinants of the Use of Logistic Labels by 3PL and 4PL Operators
- Results of Studies in Poland. European Research Studies Journal, XXIV(2B), 871-881.

Koritarov, G., & Dimitrakiev, D. (2025). Intermodal and multimodal transport in EU maritime logistics. DOI:
https://doi.org/10.38124/ijisrt/25may2193

Page 58 of 76



D1.1 Rulebook @'IKI,GAI-

Kumar, R., Singh, S. P., & Sharma, V. (2024). Al-driven adaptive route optimization for sustainable urban logistics and
supply chain management. International Journal of Scientific Research in Computer Science Engineering and
Information Technology 7(3):667-684. DOI:10.32628/CSEIT2173305

Kumar, S., Raut, R. D., Aktas, E., Narkhede, B. E., & Gedam, V. V. (2023). Barriers to adoption of industry 4.0 and
sustainability: A case study with SMEs. International Journal of Computer Integrated Manufacturing, 36(5),
657-677. https://doi.org/10.1080/0951192X.2022.2128217

KunalK. Ganguly (2024) Understanding the challenges of the adoption of blockchain technology in the logistics sector:
the TOE framework, Technology Analysis & Strategic Management, 36:3, 457-471, DOI:
10.1080/09537325.2022.2036333

Kurpjuweit, S., Schmidt, C.G., Klockner, M. and Wagner, S.M. (2021), Blockchain in Additive Manufacturing and its
Impact on Supply Chains. J Bus Logist, 42: 46-70. https://doi.org/10.1111/jbl.12231

Lagorio, A., Zenezini, G., Mangano, G., & Pinto, R. (2022). A systematic literature review of innovative technologies
adopted in logistics management. International Journal of Logistics Research and Applications, 25(7), 1043-
1066. https://doi.org/10.1080/13675567.2020.1850661

Lee, K. H. H. (2025). Global sea freight business digital transformation for electronic manufacturing services (EMS)
industry (Doctoral thesis). The Hong Kong Polytechnic University.

Li, J., Fu, H., Lai, K. K., & Ram, B. (2023). A City Logistics Distribution Model: A Physical Internet Approach. Processes,
11(11), 3198. https://doi.org/10.3390/pr11113198.

Li, J., Sun, M., Zhao, Z., & Huang, G. Q. (2025). Cyber-physical internet spatial-temporal reasoning for production
logistics resource recommendation in Industry 4.0. Journal of Industrial Information Integration, 48, 100935.
DOI: 10.1016/.jii.2025.100935.

Li, X., Cheng, Y., Xia, X., & Maller, C. (2024). Data governance and data management in operations and supply chain:
A literature review (arXiv:2407.06199) [Computer Science—Databases]. arXiv.
https://doi.org/10.48550/arXiv.2407.06199

Lind, M., Michaelides, M., Ward, R., & Watson, R. T. (Eds.). (2021). Maritime Informatics. Progress in IS. Springer
Nature Switzerland AG. DOI: 10.1007/978-3-030-50892-0.

Maciariello, F., Benelli, F., Sangiuolo, G., Lorenzi, E., Caponio, C., & Salvadori, C. (2025). TrackOne: Smart Logistics
fora Sustainable and Interoperable Agricultural Supply Chain in the Era of Digitization. IEEE conference paper.
DOI: https://ieeexplore.ieee.org/document/11197431

Magableh, G. M. (2021) Supply Chains and the COVID-19 Pandemic: A Comprehensive Framework. European
Management Review, 18(3), 363-382. https://doi.org/10.1111/emre.12449

Marcucci et al. (2020). Digital Twins: A Critical Discussion on Their Potential for Supporting Policy-Making and
Planning in Urban Logistics. Sustainability, 12(24), 10623. DOI: 10.3390/su122410623.

Matusiewicz, M. (2024). Framework for Physical Internet deployment in cities. Urban, Planning and Transport
Research, 12(1), 2303341. DOI: 10.1080/21650020.2024.2303341.

Matusiewicz, M. (2024). Study of the Potential for Using the Physical Internetin Urban Spaces. IPIC Conference paper.

Matusiewicz, M. (2025). Exploring the Potential of the Physical Internet in Urban Logistics: Insights From Researchers
and Business Professionals. Transportation Journal, 64, e70011. https://doi.org/10.1002/tjo3.70011.

Matusiewicz, M.; Ksia, z kiewicz, D. (2023). Shared Logistics-Literature Review. Appl. Sci.,, 13, 2036.
https://doi.org/10.3390/app13042036

Page 59 of 76



D1.1 Rulebook @'IKI,GAI-

McNally C., Carroll, P., Martinez-Pastor, B., Ghosh, B., Efthymiou, M., Valantasis-Kanellos, N. (eds). (2024). Transport
Transitions: Advancing Sustainable and Inclusive Mobility. Proceedings of the 10th TRA Conference, 2024
Dublin, Ireland - Volume 6: Connected Mobility Ecosystems. Springer.

Meena, R., Sahoo, S., Malik, A., Kumar, S., & Nguyen, M. (2025). Artificial intelligence and circular supply chains:
framework for applications and deployment from the triple bottom line model perspective. Annals of
Operations Research, 354, 71-101. DOI: 10.1007/s10479-025-06510-1.

Melander, L., Nyquist-Magnusson, C., & Wallstrom, H. (2022). Drivers for and barriers to electric freight vehicle
adoption in Stockholm. Transportation Research Part D: Transport and Environment, 108, 103317.
https://doi.org/10.1016/j.trd.2022.103317

Mepparambath, R. M., Cheah, L., & Courcoubetis, C. (2021). A theoretical framework to evaluate the traffic impact of
urban freight consolidation centres. Transportation Research Part E: Logistics and Transportation Review,
145, 102134. https://doi.org/10.1016/j.tre.2020.102134

Mersedeh Sadeghi, Alessio Carenini, Oscar Corcho, Matteo Rossi, Riccardo Santoro, and Andreas Vogelsang. 2023.
Interoperability of Heterogeneous Systems of Systems: Review of Challenges, Emerging Requirements and
Options. In Proceedings of the 38th ACM/SIGAPP Symposium on Applied Computing (SAC '23). Association
for Computing Machinery, New York, NY, USA, 741-750. https://doi.org/10.1145/3555776.3577692

Meszaros, F., Shatanawi, M., & Ogunkunbi, G. A. (2021). Challenges of the electric vehicle markets in emerging
economies. Periodica Polytechnica Transportation Engineering, 49(1), 93-101.
https://doi.org/10.3311/PPtr.14037.

Mijalche Santa (Ed.). (2020). Proceedings of the Economic and Business Trends Shaping the Future (EBTSF)
Conference. International Scientific Conference Proceedings, Skopje.
https://repository.ukim.mk/handle/20.500.12188/9545

Miklinska, J. (2025). Conditions for Implementing E-CMR in Europe in the View of Supply Chain Digitalisation —
Focussing Polish Experiences. European Research Studies Journal, 28(4), 386-400. DOI:
https://ersj.eu/journal/4119

Moazzeni S., Sgarbossa F. (2025). Collaborative Logistics and Digital Technologies in Rural Contexts. ISSN: 2387-
3000. NHH Norwegian School of Economics

Montreuil, B. (2011). Regenerating the logistics industry through the Physical Internet paradigm. CIRRELT.

Montreuil, B., Ballot, E., & Tremblay, W. (2015). The Physical Internet: A means towards achieving global logistics
sustainability. CIRRELT.

Moraes, Katherine & Ganga, Gilberto & Filho, Moacir & Santa-Eulalia, Luis Antonio & Tortorella, Guilherme. (2024).
Overcoming technological barriers for blockchain adoption in supply chains: a diffusion of innovation (DOI)-
informed framework proposal. Supply Chain Management: An International Journal. 30. 10.1108/SCM-02-
2024-0138.

Morfoulaki, M. (2025). D8.7 TEN-T analysis: TEN-T accessibility and project impact network on TEN-T network.
MOVEZ21 project (Horizon 2020 grant agreement No. 953939).

Mrabti, N.; Hamani, N.; Delahoche, L. A. (2022). Comprehensive Literature Review on Sustainable Horizontal
Collaboration. Sustainability, 14, 11644. https://doi.org/10.3390/su141811644

Multimaki, L. (2020). A Feasibility Study of the Data Transfer Automatization from PIM to GS1 Synkka. Helsinki
Metropolia University of Applied Sciences. Master's Degree

Page 60 of 76



D1.1 Rulebook @'IKI,GAI-

Mufoz-Villamizar, A., Santos, J., Montoya-Torres, J. R., & Veldzquez-Martinez, J. C. (2019). Measuring environmental
performance of urban freight transport systems: A case study. Sustainable Cities and Society.
https://doi.org/10.1016/j.5¢s.2019.101844

Mustapaa, T.; Tunkkari, H.; Taponen, J.; Immonen, L.; Heeren,W.; Baer, O.; Brown, C.; Viitala, R. (2022). Secure
Exchange of Digital Metrological Data in a Smart Overhead Crane. Sensors, 22, 1548.
https://doi.org/10.3390/5s22041548

Nagy, G., & Szentesi, S. (2024). Collaborative logistics: An innovative strategy to address future logistics challenges.
Advanced Logistic Systems - Theory and Practice, 18(3), 83-95. https://doi.org/10.32971/als.2024.031.

Naseem, M.H.; Yang, J.; Zhang, T.; Alam,W. (2023) Utilizing Fuzzy AHP in the Evaluation of Barriers to Blockchain
Implementation in Reverse Logistics. Sustainability, 15, 7961. https://doi.org/10.3390/su15107961

Nasir, M. S., Petitdemange, E., Durieux, S., & Duc, E. (Year not specified). Identification of the potential contribution
of the Physical Internet to the issues and challenges of the coffee supply chain in Ethiopia.

Nathanail E. G., Adamos, G., Karakikes, I. (2020). Advances in Mobility-as-a-Service Systems. Proceedings of 5th
Conference on Sustainable Urban Mobility, Virtual CSUM2020, June 17-19, 2020, Greece. Springer

Neagoe, M., Hvolby, H.-H., Turner, P., Steger-Jensen, K., & Svensson, C. (2024). Road logistics decarbonization
challenges. Journal of Cleaner Production, 434, 139979. https://doi.org/10.1016/j.jclepro.2023.139979

Netherlands Distributionland Association. (2015). Periodic Report Summary 2 — CO3 (Collaboration Concepts for
Comodality) (FP7 Grant Agreement No. 284926). European Commission CORDIS.

Ng, C.-L., Li, M., Zhong, R. Y., Qu, X., & Huang, G. Q. (2024). Establishing carbon footprints for modular integrated
construction logistics using cyber-physical internet routers. Transportation Research Part D, 133, 104259.
https://doi.org/10.1016/j.trd.2024.104259.

Nguyen, Phuc & Kumar, Vikas & Ruan, Ximing. (2019). EXPLORING ENABLERS, BARRIERS AND OPPORTUNITIES TO
DIGITAL SUPPLY CHAIN MANAGEMENT IN VIETNAMESE MANUFACTURING SMES. International Journal of
Organizational Business Excellence. 2. 31-50. 10.21512/ijobex.v2i2.7138.

Nikolakopoulos, A.; Julian Segui, M.; Pellicer, A.B.; Kefalogiannis, M.; Gizelis, C.-A.; Marinakis, A.; Nestorakis, K.;
Varvarigou, T. BigDaM: Efficient Big Data Management and Interoperability Middleware for Seaports as Critical
Infrastructures. Computers 2023, 12, 218. https://doi.org/10.3390/ computers12110218

Noireaux, V., & Edzengte, J. (2020). The benefits of the digital supply chain for horizontal resource pooling - the case
of the Bio Loire Océan Farmers' Association. Supply Chain Forum: An International Journal, 21(3), 196-205.
https://doi.org/10.1080/16258312.2020.1754115

Osmolski, W., & Muszynski, K. (2020). Monitoring of goods-documentation flows in modern logistic supply chain,
based on blockchain technology. Business Logistics in Modern Management, 20, 313-330.
https://ojs.srce.hr/index.php/plusm/article/view/15583

Osvaldo Gervasi, Beniamino Murgante, Ana Maria A. C. Rocha, Chiara Garau, Francesco Scorza, Yeliz Karaca, Carmelo
M. Torre (Eds.). (July 3-6, 2023). Computational Science and Its Applications — ICCSA 2023 Workshops.
Springer

Otto, B., ten Hompel, M., & Wrobel, S. (Eds.). (2022). Designing data spaces: The ecosystem approach to competitive
advantage. Springer. https://doi.org/10.1007/978-3-030-93975-5

Patella, S.M.; Grazieschi, G.; Gatta, V.; Marcucci, E.; Carrese, S. (2021). The Adoption of Green Vehicles in Last Mile
Logistics: A Systematic Review. Sustainability, 13, 6. http:/dx.doi.org/10.3390/su13010006

Page 61 0f 76



D1.1 Rulebook @'IKI,GAI-

Pereira A.C., Romero F. (2017). A review of the meanings and the implications of the Industry 4.0 concept. Procedia
Manufacturing, 13, 1245-1252. https://doi.org/10.1016/j.promfg.2017.09.032

Perez, M.-J., Chargui, T., & Trentesaux, D. (Year not provided in PDF). Artificial Intelligence in Supply Chain
Management: Perspectives for Integration within the Physical Internet Paradigm.

Perotti S, Bastidas Santacruz RF, Bremer P, Beer JE (2022), "Logistics 4.0 in warehousing: a conceptual framework of
influencing factors, benefits and barriers". The International Journal of Logistics Management, Vol. 33 No. 5
pp. 193-220, doi: https://doi.org/10.1108/1JLM-02-2022-0068

Pfoser, S., (2022). Developing user-centered measures to increase the share of multimodal freight transport.
Research in Transportation Business & Management 43 100729. DOI:
https://doi.org/10.1016/j.rtbom.2021.100729

Piest, J. P. S., Cutinha, J. A., Bemthuis, R. H., & Bukhsh, F. A. (2021). Evaluating the use of the Open Trip Model for
process mining: An informal conceptual mapping study in logistics. In Proceedings of the 23rd International
Conference on  Enterprise Information Systems (ICEIS 2021) (pp. 290-296). DOI:
10.5220/0010477702900296

Qasim M., Csiszar C. (2021). Major Barriers in Adoption of Electric Trucks in Logistics System. Promet -
Traffic&Transportation, Vol. 33, 2021, No. 6, 833-846. DOI: https://doi.org/10.7307/ptt.v33i6.3922

Rajeswari S. (2025). The Significant Role of loT Devices in Smart Logistics Transportation. IJEMR Vol 15 Issue 04 -
Online - ISSN 2249-2585 Print - ISSN 2249-8672

Ramjaun, T. ., Rodrigues, V. S., & Kumar, M. (2024). Horizontal supply chain collaboration amongst small enterprises:
insights from UK brewery networks. Production Planning & Control, 35(2), 206-224.
https://doi.org/10.1080/09537287.2022.2068085

Ranatunga, S.; @degard, R.S.; Jetlund, K.; Onstein, E. (2025). Use of SemanticWeb Technologies Enhance the
Integration and Interoperability of Environmental Geospatial Data: A Framework Based on Ontology-Based
Data Access. ISPRS Int. J. Geo-Inf., 14, 52. https://doi.org/10.3390/ijgi14020052

Rathore B, Gupta R, Biswas B, Srivastava A, Gupta S (2022), "ldentification and analysis of adoption barriers of
disruptive technologies in the logistics industry". The International Journal of Logistics Management, Vol. 33
No. 5 pp. 136-169, doi: https://doi.org/10.1108/1JLM-07-2021-0352

Rejeb, A.; Rejeb, K.; Keogh, J.G.; Zailani, S. (2022). Barriers to Blockchain Adoption in the Circular Economy: A Fuzzy
Delphi and Best-Worst Approach. Sustainability, 14, 3611. https://doi.org/10.3390/su14063611)

Rizopoulos, D., Niavis, H., Kampa, M., Zafeiropoulou, A. M., Franklin, R., Mygiakis, A., Kakouris, A., Alexopoulos, A., &
Fergadiotou, I. (Year not provided in PDF). Digital Twinning platforms as an enabler for the ex-ante evaluation
of Pl-inspired interventions to last-mile logistics networks.

Rzesny-Cieplinska, J. (2021). Integration of passenger mobility and freight deliveries in urban areas: A review of current
practices. Journal of Urban Mobility, 1, 100005. https://doi.org/10.1016/j.urbmob.2021.100005

Sachin S. Kamble & Angappa Gunasekaran (2020) Big datadriven supply chain performance measurement system: a
review and framework for implementation, International Journal of Production Research, 58:1, 65-86, DOI:
10.1080/00207543.2019.1630770

Sadeghi, M., Buchnicek, P., Carenini, A., Corcho, O., Gogos, S., Rossi, M., & Santoro, R. (2022). SPRINT: Semantics for
PerfoRmant and scalable INteroperability of multimodal Transport (arXiv:2203.14568). arXiv.
https://doi.org/10.48550/arXiv.2203.14568

Page 62 0f 76



D1.1 Rulebook @'IKI,GAI-

Sahal, R.; Alsamhi, S.H.; Brown, K.N.; O'Shea, D.; McCarthy, C.; Guizani, G. Blockchain-Empowered Digital Twins
Collaboration: Smart Transportation Use Case. Machines 2021, 9, 193.
https://doi.org/10.3390/machines9090193

Sallez, Y., Berger, T., Bonte, T., & Trentesaux, D. (2015). Proposition of a hybrid control architecture for the routingin a
Physical Internet cross-docking hub. IFAC-PapersOnLine, 48(3), 1978-1983.
https://doi.org/10.1016/j.ifacol.2015.06.378

Samad, T.A., Sharma, R., Ganguly, K.K. et al. (2023). Enablers to the adoption of blockchain technology in logistics
supply chains: evidence from an emerging economy. Ann Oper Res 327, 251-291.
https://doi.org/10.1007/s10479-022-04546-1

Serkan Karakas, Avni Zafer Acar & Berk Kucukaltan (2024) Blockchain adoption in logistics and supply chain: a
literature review and research agenda, International Journal of Production Research, 62:22, 8193-8216, DOI:
10.1080/00207543.2021.2012613

Shalamov, R. (2025). Strategies for the implementation of digital dispatch platforms in small trucking companies. The
American Journal of Management and Economics Innovations, 7(7), 25-32.
https://doi.org/10.37547/tajmei/Volume07Issue07-03

Shao, X.-F., Liu, W., Li, Y., Chaudhry, H.R., & Yue, X.-G. (2021). Multistage implementation framework for smart supply
chain management under Industry 4.0. Technological Forecasting and Social Change, 162, 120354.
https://doi.org/10.1016/j.techfore.2020.120354

Shenle Pan, Eric Ballot, George Q. Huang & Benoit Montreuil (2017) Physical Internet and interconnected logistics
services: research and applications, International Journal of Production Research, 55:9, 2603-2609, DOI.
10.1080/00207543.2017.1302620

Shoman, W., Yeh, S., Sprei, F. et al. A Review of Big Data in Road Freight Transport Modeling: Gaps and Potentials.
Data Sci. Transp. 5, 2 (2023). https://doi.org/10.1007/s42421-023-00065-y

Simmer, L., Pfoser, S., Grabner, M., Schauer, O., & Putz, L. M. (2017). From horizontal collaboration to the Physical
Internet — A case study from Austria. International Journal of Transport Development and Integration, 1(2),
129-136. https://doi.org/10.2495/TDI-V1-N2-129-136.

Skotte, A., & Vallin, F. (2023). A fan of green transport? Consolidation route optimization for inbound logistics at
FlaktGroup Sweden AB (Master's thesis). Chalmers University of Technology.

Slusarczyk, B. (Ed.). (2024). Logistics challenges: Global and local approaches. Publishing Office of Czestochowa
University of Technology. https://doi.org/10.17512/CUT/9788365976116

Spanuth M., Franklin R., Ludwig A., Niemann G. (2025). Governing the Physical Internet: Insights from Internet
Governance and Future Research Directions. IPIC 2025.

Spini, G.; Krenn, S.; Teppan, E.; Petschnigg, C.;Wiegelmann, E. (2025) Enabling Horizontal Collaboration in Logistics
Through Secure Multi-Party Computation. Future Internet, 17, 364. https://doi.org/10.3390/fi17080364

Sternberg, H. S., & Denizel, M. (2021). Toward the Physical Internet-Logistics Service Modularity and Design
Implications. Journal of Business Logistics, 42(1), 144-166. https://doi.org/10.1111/jbl.12261.

Sternberg, H., Linan, I., Prockl, G., & Norrman, A. (2021). Tragedy of the facilitated commons: A multiple-case study
of failure in systematic horizontal logistics collaboration. Journal of Supply Chain Management, 57(4), 30-46.
https://doi.org/10.1111/jscm.12278

Page 63 0f 76



D1.1 Rulebook @'IKI,GAI-

Sullivan, M., & Kern, J. (Eds.). (2021). The digital transformation of logistics: Demystifying impacts of the Fourth
Industrial Revolution. IEEE Press / John Wiley & Sons.

Sun, S., Michiels, P., Macharis, C., Cant, A., Van Bever, D., & Mommens, K. (2024). Unlocking the Potential of the
Physicallnternet: a Trust-enabling Decentralized Process Sharing Connector. In IPIC 2024 Conference Papers
and Posters Contributions Proceedings: Empowering Resilient and Sustainable Supply Chain Ecosystems
(pp. 1-10). Article 7. Georgia Institute of Technology. https://doi.org/10.35090/gatech/11062.

Sun, S., Zheng, X, Villalba-Diez, J., & Ordieres-Meré, J. (2020). Data Handling in Industry 4.0: Interoperability Based on
Distributed Ledger Technology. Sensors, 20(11), 3046. https://doi.org/10.3390/s20113046

Tangsakul, M., & Sureeyatanapas, P. (2024). Understanding critical barriers to the adoption of blockchain technology
in the logistics context: An interpretive structural modelling approach. Journal of Open Innovation:
Technology, Market, and Complexity, 10(3), 100355. https://doi.org/10.1016/j.joitmc.2024.100355

Tarik Chargui, Abdelghani Bekrar, Mohamed Reghioui, Damien Trentesaux. Proposal of a multi-agent model for the
sustainable truck scheduling and containers grouping problem in a Road-Rail physical internet hub.
International  Journal of  Production Research, 2020, 58 (18), pp.5477-5501. DOI:
10.1080/00207543.2019.1660825).

Tolcha, Y. K., Vanin, F. N. da S., Park, G., Costa, C. A., Righi, R., & Kim, D. (2025). Hybrid EPCIS: Integrating GS1/ISO
Standards with On-Chain and Off-Chain Distributed Ledger for Supply Chain Traceability. 2025 IEEE
International Conference on Decentralized Applications and Infrastructures (DAPPS). DOI:
10.1109/DAPPS65174.2025.00015.

Tonts, M., Salum A. (2021). E-Waybill Using Experience & Development In Estonian State Road Building. IOP
Conference Series: Materials Science and Engineering, 1202, 012041. DOI: 10.1088/1757-
899X/1202/1/012041

Tran-Dang, H., & Kim, D.-S. (2021). The Physical Internet in the Era of Digital Transformation: Perspectives and Open
Issues. IEEE Access, 9, 164613-164636. https://doi.org/10.1109/ACCESS.2021.3131562.

Ugochukwu et al. (2023). Enhancing Logistics With the Internet of Things: A Secured and Efficient Distribution and
Storage Model Utilizing Blockchain Innovations and Interplanetary File System. IEEE Access. DOI:
10.1109/ACCESS.2023.3339754.

Ulrich, P., Duch Brown, N., Kotsev, A., Minghini, M., Hernandez Quiros, L., Boguslawski, R., & Pignatelli, F. (2022).
Quantifying the Benefits of Location Interoperability in the European Union. JRC Technical Report EUR 31004
EN. Publications Office of the European Union. DOI: 10.2760/72064.

Vafadarnikjoo, A., Badri Ahmadi, H., Liou, J.J.H. et al. Analyzing blockchain adoption barriers in manufacturing supply
chains by the neutrosophic analytic hierarchy process. Ann Oper Res 327, 129-156 (2023).
https://doi.org/10.1007/s10479-021-04048-6

Van der Steen, D. (2020). The Physical Internet: A systematic mapping study (Master's thesis). Ghent University.

van Duin, J. H. R., van Son, C. B. H., Tavasszy, L., van Binsbergen, A. J., Kee, P., & Huitema, E. (2022). Usability of
Physical Internet Characteristics for Achieving More Sustainable Urban Freight Logistics: Barriers and
Opportunities Revealed by Dominant Stakeholder Perspectives. Transportation Research Record, 2677(1),
1593-1603. https://doi.org/10.1177/03611981221105071.

Vargas, A. (2020). Towards sustainable collaborative logistics using specialist planning algorithms and a gain-sharing
business model: A UK case study. Sustainability, 12(16), 6627. https://doi.org/10.3390/su12166627

Page 64 0f 76



D1.1 Rulebook @'IKI,GAI-

Vargas, A., Patel, S., & Patel, D. (2018). Towards a Business Model Framework to Increase Collaboration in the Freight
Industry. Logistics, 2(4), 22. https://doi.org/10.3390/logistics2040022

Velazquez Abad, A., & Dodds, P. E. (2020). Green hydrogen characterisation initiatives: Definitions, standards,
guarantees of origin, and challenges. Energy Policy, 138, 111300.
https://doi.org/10.1016/j.enpol.2020.111300.

Vijay, A., Thompson, R. G., & Nassir, N. (2025). A proposal and evaluation of a digital twin framework for PI-Hubs using
reinforcement learning based multi-agent systems model (Technical Paper). Georgia Institute of Technology.
https://repository.gatech.edu/server/api/core/bitstreams/ac2342ed-ah56-4fce-8796-
09b94fb7ec39/content

Vijay, A., Thompson, R. G., Nassir, N., & Zhang, J. (2024). Machine learning based ETA prediction for dock rescheduling
in hyperconnected city logistics based PI-hub facilities. Transportation Research Procedia, 79, 202-209.
https://doi.org/10.1016/j.trpro.2024.03.028

Wanniarachchi, S., Hewage, K., Wirasinghe, C., Chhipi-Shrestha, G., Karunathilake, H., & Sadiq, R. (2023).
Transforming road freight transportation from fossils to hydrogen: Opportunities and challenges.
International Journal of Sustainable Transportation, 17(5), 552-572.
https://doi.org/10.1080/15568318.2022.2068389

Werner-Lewandowska, K., Kolinski, A., & Golinska-Dawson, P. (2023). Barriers to electronic data exchange in the
supply chain - results from empirical study. LogForum, 19(1), 127-139. DOl
https://doi.org/10.17270/).L0G.2023.804

Witkowski J., Marcinkowski J., and Kiba-Janiak M., A Comparative Analysis of Electronic Freight Exchanges in the
United States and Europe with the Use of the Multiple Criteria Decision-Making Method “Promethee”,
European Research Studies Journal”, 2020, t.23, pp. 476-487.

Yanyan Yang,Shenle Pan,Eric Ballot. (2016). Performance evaluation of interconnected logistics networks confronted
to hub disruptions. IPIC2016-3rd International Physical Internet Conference, Georgia Tech, USA, Atalanta,
United States. https://hal.science/hal-01320641v1

Zaino, R., Ahmed, V., Alhammadi, A. M., & Alghoush, M. (2024). Electric vehicle adoption: Acomprehensive systematic
review of technological, environmental, organizational, and policy impacts. World Electric Vehicle Journal,
15, 375. https://doi.org/10.3390/wevj15080375

Zajac, t., Stanek, M., & Kawa, A. (2025). Digital planning tools for intermodal transport. Logistics, 9(1), 94.
https://doi.org/10.3390/logistics9010094

Zeng, F., Chen, A., Xu, S., Chan, H. K., & Li, Y. (2025). Digitalization in the maritime logistics industry: A systematic
literature review of enablers and barriers. Journal of Marine Science and Engineering, 13, 797.
https://doi.org/10.3390/jmse13040797

Zeyd Boukhers, Christoph Lange, and Oya Beyan. 2023. Enhancing Data Space Semantic Interoperability through
Machine Learning: a Visionary Perspective. In Companion Proceedings of the ACM Web Conference 2023
(WWW '23 Companion). Association for Computing Machinery, New York, NY, USA, 1462-1467.
https://doi.org/10.1145/3543873.3587658

Zhang X, Sun Z, Zhang W, Li X, Hu J. What drives horizontal logistics collaboration? A grounded theory analysis of
Chinese logistics service providers. Science Progress. 2023;106(1). doi:10.1177/00368504221148006

Zorrilla, M., & Yebenes, J. (2022). A reference framework for the implementation of data governance systems for
Industry 4.0. Computer Standards & Interfaces, 81, 103595. https://doi.org/10.1016/j.csi.2021.103595

Page 65 of 76



D1.1 Rulebook @'IKI,GAI-

11.2 RESEARCH PROJECTS
[1] ADMIRAL (Horizon Europe, GA 101104163). Deliverable D3.2: Drivers and barriers of collaboration in logistics
networks.

[2] AUTOSUP (Horizon Europe, GA 101147468). Deliverable D1.1: Classification of logistics automation
technologies.

[3] AUTOSUP (Horizon Europe, GA 101147468). Deliverable D1.2: Seamless multimodal automatic freight
transport requirements.

[4] BOOSTLOG (Horizon 2020, GA 101006902). Deliverable D2.3: Cloud Report on Logistics Services.

[5] BOOSTLOG (Horizon 2020, GA 101006902). Deliverable D2.5: Cloud Report on Logistics Nodes.

[6] BOOSTLOG (Horizon 2020, GA 101006902). Deliverable D2.7: Cloud Report on Logistics Networks.
[71BOOSTLOG (Horizon 2020, GA 101006902). Deliverable D2.9: Cloud Report on Innovation Initiatives.
[8] DISCO (Horizon Europe, GA 101103954). Deliverable D2.1: Urban Logistics Transition Requirements.
[9] DISCO (Horizon Europe, GA 101103954). Deliverable D2.2: Digital Transition Assessment Tool.

[10] DISCO (Horizon Europe, GA 101103954). Deliverable D3.1: DISCO Data Space Open Software Repository,
Version 1.

[11] DISCO (Horizon Europe, GA 101103954). Deliverable D4.1: Agile Model Implementation Roadmap for Step 1
Demonstrations.

[12] DISCO (Horizon Europe, GA 101103954). Deliverable D7.2: DISCO Knowledge Hub for Innovation, Upscaling
and Capacity Building.

[13] ePlcenter (Horizon 2020, GA 861584). Deliverable D5.9: Final TEN-T & Global Networks Recommendations.

[14] ICONET (Horizon 2020, GA 769119). Deliverable D1.1: Pl-aligned Digital and Physical Interconnectivity
Models and Standards.

[15] ICONET (Horizon 2020, GA 769119). Deliverable D1.2: Pl Business and Governance Models.

[16] ICONET (Horizon 2020, GA 769119). Deliverable D1.6: Requirements and High-Level Specifications for loT-
based Smart Pl Containers.

[17]ICONET (Horizon 2020, GA 769119). Deliverable D1.7: Generic Pl Case Study and associated Pl Hubs Plan,
v1.

[18] ICONET (Horizon 2020, GA 769119). Deliverable D2.8: Smart Pl Containers — Tracking & Reporting as a
Service (Final).

[19] ICONET (Horizon 2020, GA 769119). Deliverable D2.11: Blockchain Transactional Ledgers and Smart
Contracts as Pl Enablers, v3 (Final).

[20] ICONET (Horizon 2020, GA 769119). Deliverable D4.1: Roadmap as to how the Pl will enhance the strategic
evolution of the T&L sector for Europe.

[21] LEAD (Horizon 2020, GA 861598). Deliverable D1.3: Knowledge for innovative actions, measures and
business models in the LEAD Living Labs.

[22] LEAD (Horizon 2020, GA 861598). Deliverable D1.4: Innovation Agenda.

[23] LEAD (Horizon 2020, GA 861598). Deliverable D1.5: Reference LEAD Strategies.

[24] LEAD (Horizon 2020, GA 861598). Deliverable D2.2: Digital Twin Models Library.

[25] LEAD (Horizon 2020, GA 861598). Deliverable D2.3: Decision Support System & APIs, v1.

[26] LEAD (Horizon 2020, GA 861598). Deliverable D2.4: Decision Support System & APIs (Final version).

[27] LEAD (Horizon 2020, GA 861598).
( ).

[28] LEAD (Horizon 2020, GA 861598

Deliverable D2.4/D2.6: Platform Validation & Data Pipeline.
Deliverable D2.6: Final DDDAS System.

Page 66 of 76



D1.1 Rulebook @'IKI,GAI-

[29] LEAD (Horizon 2020, GA 861598
[30] LEAD (Horizon 2020, GA 861598
[31] LEAD (Horizon 2020, GA 861598

( ). Deliverable D3.8: Lyon Value Case.

( )-

( ).
[32] LEAD (Horizon 2020, GA 861598). Deliverable D4.1: Stakeholder Strategy.

( )-

( ).

( ).

Deliverable D3.10: Budapest Value Case.
Deliverable D3.15: Impact Assessment.

[33] LEAD (Horizon 2020, GA 861598
[34] LEAD (Horizon 2020, GA 861598
[35] LEAD (Horizon 2020, GA 861598). Deliverable D4.8: Exploitation Plan.

[36] LEAD (Horizon 2020, GA 861598). Deliverable D4.9: Open Source Packages and APIs.
[37] SPROUT (Horizon 2020, GA 814910). Deliverable D1.2: Regulatory Assessment.

[38] SPROUT (Horizon 2020, GA 814910).

[39] SPROUT (Horizon 2020, GA 814910). Deliverable D2.1: Urban mobility transition inventory.
[40] SPROUT (Horizon 2020, GA 814910). Deliverable D2.2: Current state of urban mobility.
).
).

Deliverable D4.5: Transferability Platform.
Deliverable D4.6: LEAD Roadmap and Policy Recommendations.

( Deliverable D1.3: /Innovative Business Models, Governance and PPPs.
(

(
[41] SPROUT (Horizon 2020, GA 814910

[42] SPROUT (Horizon 2020, GA 814910
response - Valencia pilot.

[43] SPROUT (Horizon 2020, GA 814910). Deliverable D4.4: Impact assessment and city-specific policy
response - Tel Aviv pilot.

[44] SPROUT (Horizon 2020, GA 814910). Deliverable D4.7: Urban space management - Tel Aviv use case.

[45] SPROUT (Horizon 2020, GA 814910). Deliverable D4.11: Impact assessment and city-specific policy
response - Kalisz pilot.

[46] SPROUT (Horizon 2020, GA 814910). Deliverable D4.13: Impact assessment and city-specific policy
response - Ningbo pilot.

[47] SPROUT (Horizon 2020, GA 814910). Deliverable D4.14: City-specific policy implementation plan — Kalisz.
[48] SPROUT (Horizon 2020, GA 814910). Deliverable D7.2: Urban Agenda policy briefs.

[49] SPROUT (Horizon 2020, GA 814910). Deliverable D7.3: A European Strategy to navigate urban mobility
policy through transition.

[50] SPROUT (Horizon 2020, GA 814910). Deliverable D8.1: Evaluation and results from city pilots - preliminary
findings.

[51] SPROUT (Horizon 2020, GA 814910). Deliverable D8.2: Multi-pilot lessons learned and city case clustering.

[52] SPROUT (Horizon 2020, GA 814910). Deliverable D9.6: Final project report (including evaluation and
exploitation summary).

[53] URBANE (Horizon Europe, GA 101069782). Deliverable D2.1: Validation report of Lighthouse LLs
Implementation.

[54] URBANE (Horizon Europe, GA 101069782).

[55] URBANE (Horizon Europe, GA 101069782). Deliverable D2.3: Bologna Demonstrator.
).
).

Deliverable D3.3: Policy impacts of city-specific scenarios.
Deliverable D4.3: Impact assessment and city-specific policy

Deliverable D2.2: Demonstrator Setup.

[56] URBANE (Horizon Europe, GA 101069782

[57] URBANE (Horizon Europe, GA 101069782
Contracts.

Deliverable D2.5: Thessaloniki Demonstrator.

Deliverable D3.1: Collaboration Governance Ledger and Smart

Page 67 of 76



D1.1 Rulebook

GDIKIGAL

12.Annex: Phase 3 Results: LI Barriers per Service, Process and Procedure

Logistics

Innovation (LI)

LI1-Online and
offline trustee
matchmaking
and volume
pooling for
electrification
and increased
intermodality

LI1-Online and
offline trustee
matchmaking
and volume
pooling for
electrification
and increased
intermodality

LI1-Online and
offline trustee
matchmaking
and volume
pooling for
electrification

Service

S1-Volume
pooling and
asset
sharing

S1-Volume
pooling and
asset
sharing

S1-Volume
pooling and
asset
sharing

P1-
Stakeholders on-
boarding (new
procedures for
onboarding and
capacity sharing
among shippers
and
LSPs/Intermodal
operators)

P1-
Stakeholders on-
boarding (new
procedures for
onboarding and
capacity sharing
among shippers
and
LSPs/Intermodal
operators)

P1-
Stakeholders on-
boarding (new
procedures for
onboarding and
capacity sharing

Procedure

Procedure 1:
Stakeholder
registration
and volume
submission

Procedure 2:
Corridor
analysis,
definition and
prioritisation

Procedure 3:
Capacity pre-
commitment
and corridor

activation

Technological Barriers

Fragmented ICT systems and
lack of interoperability between
shipper, LSP and intermodal
platforms; limited system
integration and heterogeneous
digital maturity (especially
among SMEs); complex data
submission and harmonisation
across participants

Limited real-time visibility and
inconsistent data quality
reducing reliability of volume
aggregation and impact
simulations; absence of
common data standards
complicating cross-company
modelling

Limited automation and system
heterogeneity preventing
seamless transition from
governance approval to
operational booking

Operational
Barriers

Complex
coordination across
multiple actors;
legacy processes
and workflows slow
onboarding;
integration of new
pooling governance
mechanisms into
existing workflows
disrupting
established routines

Difficulty aligning
service
requirements (lead
times, frequency,
equipment) across
multiple shippers
limiting viable
corridor clustering;
infrastructure
constraints (terminal
capacity, rail slots)
restricting feasible
options

Securing firm
volume
commitments
aligned with
available intermodal
capacity in volatile

Regulatory &
Policy Barriers

Unclear liability
allocation; data
ownership and
confidentiality
concerns;
competition-law
sensitivities;
compliance with
data protection
and contractual
frameworks adds
administrative
burden
Intermodal
regulatory
constraints and
infrastructure
accessrules
limiting modal shift
potential; TEN-T
alignment and
cross-border
coordination add
complexity

Unclear liability
frameworks and
risk-sharing
mechanisms may
delay formal
commitments;

Market & Economic
Barriers

High onboarding and
integration costs
especially for SMEs;
uncertain short-term
ROl reducing incentives
to join pooled
ecosystems

Uncertainty about cost
competitiveness versus
road transport; unclear
business case for
electrification may
hinder corridor
prioritisation decisions

High upfront
investments (e.g.
electric trucks or rail
slot guarantees) and
unclear gain-sharing
mechanisms may

Societal &
Organisational

Barriers
Lack of trust and
resistance to
horizontal
collaboration;
organisational silos
hindering
transparent data
sharing and
governance
alignment

Misaligned
incentives between
shippers and LSPs;
reluctance to
reveal strategic
lane information
may weaken
collaborative
corridor definition

Resistance to long-
term collaborative
commitments; fear
of dependency;
lack of trust in fair
benefit
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Logistics Procedure Operational Market & Economic Societal &

Technological Barriers

Regulatory &

Innovation (LI)

and increased

among shippers

Barriers

demand conditions;

Policy Barriers

public

Barriers

discourage early

Organisational
Barriers
redistribution can

intermodality and complexity of cross- procurement rules commitment delay corridor
LSPs/Intermodal actor coordination (where applicable) activation
operators) for corridor restricting flexibility
activation
LI2 - eFTI S1-Volume | P1-SME Procedure 1: Heterogeneous SME digital Limited digital Ongoing SMEs' reluctance to Strong road-
compliance pooling and onboarding and User maturity (many still operating capacity of SMEs uncertainty in investtime and transport culture in
Collaborative asset platform access registration on Excel without trained digital requiring manual national resources without Europe; resistance
Service Platform = sharing and personnel); data data entry; training implementation of immediate or to change from
for SMEs enablement transformation complexity needs for regulatory- = the eFTI Regulation = foreseeable ROI; paper-based
mapping legacy formats to compliant and authority platform maintenance workflows; low
eFTl-compliant schema; workflows; applications; costvs subscription trustin digital data
cybersecurity risks when integration delays deviation between model sustainability; sharing; reluctance
handling regulatory transport between onboarding = Greek Digital data sharingviewed as | to expose
data; secure integration with and operational Transport Order risk (cybersecurity and operational data to
Collaborative Logistics readiness dataset and eFTI commercially valuable a shared platform
Platform and tributary systems CMDS; datasets)
(Port Community System, misalignment
Customs Brokerage, eServices) between EU and
national
Competent
Authorities
LI2 -eFTI S1-Volume @ P1-SME Procedure 2: Algorithm performance under Handling non- Legal clarity for Uncertainty of volume Scepticism toward
compliance pooling and onboarding and Operations variable demand; performance =~ modular load units digital document stability for sustained new insulated
Collaborative asset platform access initialisation validation of insulated (NMLUs); physical acceptance bundling efficiency; container
Service Platform = sharing containers vs reefers not yet constraints at CDC beyond eFTICMDS | investment cost for technology;
for SMEs completed; data format (space, labour by local insulated container perceived loss of
mismatches between SME peaks); time window  authorities; cross- adoption; unresolved control over
systems and platform misalignment border profit sharing models individual cargo;
between incoming documentation for collaborative reluctance of SMEs
flows; niche alignment transport agreements to allow shipment

underperforming
markets served by
local operators
refusing services
without sufficient

challenges (e.g.
Belgium has not
ratified eCMR)

merging
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Logistics

Innovation (LI)

LI2 - eFTI
compliance
Collaborative
Service Platform
for SMEs

LI2 - eFTI
compliance
Collaborative
Service Platform
for SMEs

LI2 -eFTI
compliance
Collaborative
Service Platform
for SMEs

LI2 -eFTI
compliance
Collaborative

S1-Volume
pooling and
asset
sharing

S1-Volume
pooling and
asset
sharing

S2-
Warehousing
and storage

S3 -Freight
forwarding
and

P2 -Cargo
consolidation

P2 -Cargo
consolidation

P3-Truck load
optimisation and
modal shift

P4 - Customer
relationship and
reporting

Procedure

Procedure 1:
Transport
network setup

Procedure 2:
Shipment
bundling and
modular unit
formation

Procedure 1:
Load planning
and
synchromodal
routing

Procedure 1:
Customer
reporting and

Technological Barriers

Limited real-time visibility tools
for cargo clustering; integration
challenges between platform
and operator systems; data
quality issues affecting
shipment bundling algorithms

Algorithm performance
challenges for dynamic
bundling under variable
demand; limited
interoperability between SME
order management and the
Collaborative Logistics
Platform

Insufficient load optimisation
tools; algorithm performance
under variable demand;
performance validation of
insulated containers vs reefers
pending; cybersecurity risks in
operational data handling

Data quality and integration
issues for cross-actor
reporting; cybersecurity
concerns with shared

GDIKIGAL

Operational
Barriers

volumes on other
routes

Coordination
complexity across
multiple SMEs with
differing schedules;
cargo type
segregation and time
window challenges

Reluctance of local
operators to provide
services without
sufficient volumes
on other markets;
handling mixed and
non-modular cargo
units; coordination
of transport
procurement offline
Inefficient loading
processes; handling
non-modular and
mixed-cargo load
units; labour peaks
at CDC; physical
space constraints

Inconsistent
reporting processes
across actors;
manual effort for

Regulatory &
Policy Barriers

Cross-border
regulatory
fragmentation; eFTI
documentation
requirements for
consolidated
shipments;
national eFTl
implementation
uncertainty

EU anti-trust
legislation
concerns around
collaborative
bundling; national
variations in
acceptance of
consolidated
digital freight
documentation
Food transport
safety certification
requirements for
insulated
solutions; safety
and compliance
rules for mixed-
cargo loading; eFTlI
load
documentation
requirements
Reporting and
compliance
burdens under eFTI
and national

Market & Economic
Barriers

Unclear business case
for SME participation;
subscription model
sustainability
uncertain; uncertain
demand for
collaborative services

Uncertain ROI for SMEs
on collaborative
bundling; unresolved
profit sharing models
for consolidated
shipments; risk of
volume instability
undermining bundle
efficiency

Investment cost for
insulated container
adoption; uncertain
cost-benefit for modal
shift
recommendations;
high capex for SME
infrastructure upgrades

Cost of reporting
solutions vs SME
willingness to pay;
unclear ROI for

Societal &
Organisational
Barriers

Lack of
collaboration
culture among
competing SMEs;
low trustin
platform operator
neutrality

Fear of increased
transparency
exposing business-
sensitive
information;
perceived loss of
control over
individual cargo
during bundling

Scepticism toward
insulated container
technology as
alternative to
reefers; workforce
skill gaps for
optimised loading;
resistance to
changing
established loading
routines

Trust and
transparency
concerns; fear of
exposing
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Logistics

Innovation (LI)

Service Platform
for SMEs

LISA-Smart
and
synchromodal
hubs for
hyperconnected
urban logistics
(ESPLUGUES /
Barcelona
Metropolitan
Area)

LISA-Smart
and
synchromodal
hubs for
hyperconnected
urban logistics
(ESPLUGUES /
Barcelona
Metropolitan
Area)

intermodal
transport

S5-Last-
mile delivery

S5-Last-
mile delivery

P1-Sorting and
loading to Smart
Urban Logistics

Hub

P6 - Lockers
network
operations

Procedure

relationship
management

Procedure 1:
Hub sorting
and
multimodal
loading

Procedure 1:
Smart locker
network
deployment
and
management

Technological Barriers

performance data; lack of
standardised reporting
interfaces

Different pallet/container
standards; limited availability
of standardised micro-
containers; compatibility
issues between barge, bike and
hub equipment; fragmented IT
systems across LSPs and
municipalities; limited real-
time data exchange; non-
interoperable locker systems;
automation limitations in
sorting processes

Platform interoperability:
integrating heterogeneous
locker provider APIs (access
control, status, compartment
reservation); reliable loT
connectivity (5G/4G); real-time
monitoring without data/format
mismatches across lockers and
platform modules

GDIKIGAL

Operational
Barriers

regulatory
compliance
reporting; multi-
stakeholder KPI
coordination
overhead

Difficulty
synchronising
multimodal
operations;
restricted urban
space for hubs and
lockers; network
management
complexity across
actors; cold-chain
operational rigidity

Coordinating
deployment and
maintenance across
14 municipalities;
managing
installation,
commissioning,
uptime and daily
capacity/occupancy
operations
(compartment
sizing, reservation
logic); training for e-
van drivers and
cargo bike operators

Regulatory &
Policy Barriers

authority
requirements;
regulatory
heterogeneity
across member
states

Urban logistics
regulations and
permitting
constraints;
fragmentation
across transport
modes; slow
rollout of AFIR
charging/refuelling
infrastructure;
national labour law
constraints

Multi-municipality
site approvals and
installation
permits;
constraints on use
of public space and
electrical/network
hookups;
privacy/security
requirements
(surveillance
features) varying by
municipality

Market & Economic
Barriers

compliance
investment;
subscription model
sustainability

High upfront costs of
zero-emission fleets;
limited financing
options for small
operators; uncertain
ROI for shared micro-
hubs and lockers; high
operational and
infrastructure costs

High capex/opex for
lockers, connectivity,
integration work and
maintenance; unclear
cost-sharing model
among municipalities,
LSP and locker
providers; ROI
uncertainty until usage
stabilises

Societal &
Organisational
Barriers

operational
inefficiencies to
clients and
authorities; low
digital literacy for
automated
reporting tools
Cultural resistance
to modal shift;
reluctance to share
operational data;
fear of losing
competitive
advantage;
fragmented
priorities across
municipalities;
acceptance
challenges among
citizens and
operators
Customer
onboarding and
behaviour change
(choosing locker
delivery, pickup
habits); adoption
friction for less
digitally confident
users; acceptance
by municipal
stakeholders
(perceived burden,
vandalism/security
concerns)
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Logistics

Innovation (LI)

LIBA-Smart S5 - Last-

and mile delivery

synchromodal
hubs for
hyperconnected
urban logistics
(ESPLUGUES /
Barcelona
Metropolitan
Area)

LI3B - Smart S5 - Last-

and mile delivery

synchromodal
hubs for
hyperconnected
urban logistics
(Paris)

P6 - Lockers
network
operations

PX - Floating
Smart Urban
Logistics Hub
(barge)
operations and
smart-contract
orchestration

Procedure

Procedure 2:
Locker-
integrated
delivery
operations and
mobile hub
optimisation

Procedure 1:
Floating hub
(barge) setup
and pilot
onboarding

Technological Barriers

Reliable end-to-end integration
between routing/optimisation,
locker access-code generation,
scanning confirmation,
notification services and live
locker availability; integration
limits degrade optimisation
quality when data is delayed or
incomplete

Interoperability/incompatibility
between tools used by different
actors (FLUDIS operational
tools, client tools) and the
digital orchestration layer;
dependence on automation,
digital platforms, scanners and
labels; persistence of paper-
based steps (e.g. handwritten
signatures) preventing end-to-
end digital flow; digital
constraints around real-time
data capture and validation
especially for CO,/energy
monitoring

GDIKIGAL

Operational
Barriers

Coordinating multi-
stop locker routes;
handling exceptions
(locker offline/full,
failed access,
damaged
compartments);
managing
uncollected parcels
(reminders, retrieval
dispatch, returns);
sustaining service
levels across many
locker sites and
municipalities
Synchronisation
challenges between
hub operations
(barge) and last-mile
delivery execution
(cargo bikes);
availability and
suitability of physical
infrastructure and
equipment required
for the pilot;
operational
practices deviating
from designed
processes (drivers
relying on habits
over tools);
additional handling
steps,
loading/unloading
time and
weather/navigation

Regulatory &
Policy Barriers

Operational
constraints on
stopping/loading
near lockers; rules
around parcel
holding times and
returns;
compliance
requirements tied
to customer
communications
and data handling
across
municipalities

Ownership, liability
and responsibility
uncertainties
across actors; data
sharing constraints
(who can access
what, under which
conditions);
constraints from
existing contracts
and national
regulations
hindering pooling
transformation;
lack of harmonised
procedures across
countries affecting
replication

Market & Economic
Barriers

Coststo run the
network at scale (driver
time per stop,
exception
handling/retrieval trips,
support/maintenance);
uncertain cost-benefit
splitamong
stakeholders as
volumes fluctuate

Uncertainty on break-
even volumes and
whether volumes justify
investment; cost of
automation and digital
upgrades with unclear
cost-benefit for the
operator;
competitiveness of
multimodal zero-
emission delivery
versus traditional road
delivery (speed,
flexibility, capacity,
additional handling
time)

Societal &
Organisational
Barriers
Willingness to pick

up within time
windows; trustin
code/QR access;
adoption friction for
less digitally
confident users;
resistance to
changed workflows
among
drivers/operators if
perceived as extra
steps or added KPIs

Limited awareness
and understanding
of the Physical
Internet concept
and its benefits
among clients and
public authorities;
trust issues around
sharing strategic
process and data
information;
resistance to
change when
existing processes
work adequately;
limited stakeholder
engagementin
process redesign
(clients not directly
engaged as
redesign partners)
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Logistics

Innovation (LI)

LI3B - Smart
and
synchromodal
hubs for
hyperconnected
urban logistics
(Paris)

Ll4 - Intelligent,
standard end-
to-end chain of
custody for
carbon
emission
calculation
(Book & Claim)

S5-Last-
mile delivery

S3 -Freight
forwarding
and
intermodal
transport

PX - Floating
Smart Urban
Logistics Hub
(barge)
operations and
smart-contract
orchestration

PX-Book &
Claim
operations for
collaborative
freight efficiency

Procedure

Procedure 2:
Smart-
contract
orchestration,
event
verification
and KPI
monitoring
(barge-to-
cargo-bike
operations)

Procedure 1:
Book & Claim
system design
and setup

Technological Barriers

Lack of interoperability
between systems (FLUDIS tools
vs orchestration; 'one client =
one tool'; some steps stillon
paper) blocking reliable event
exchange and automation; risk
of incompatibility between
logistics systems and
blockchain-enabled
orchestration layer; integration
challenges with legacy systems
and scanners weakening event
capture; reliability issues in
real-time CO, and energy data
validation/recording (latency,
gaps, calibration); risk of
delayed smart-contract output
validation

Integration with heterogeneous
TMS systems while preserving
data confidentiality; ensuring
data quality, consistency and
comparability across
operators; robust verification of
efficiency gains without direct
physical linkage; fragmentation
of carbon accounting standards

GDIKIGAL

Operational
Barriers

impacts affecting
daily performance
Drivers' adaptation
to streets/clients
bypassing event
confirmation steps
required for
orchestration;
limited early data
availability slowing
modelling accuracy
and optimisation
during ramp-up

Translating complex
transport realities
into simplified
credible claim units;
aligning different
operational rhythms
(routes, frequencies,
volumes) across
operators; managing
exceptions and

Regulatory &
Policy Barriers

Legal uncertainties
around ownership,
liability and data
sharing affecting
how verified
events/KPI records
are accepted;
existing contracts
and national
regulations limiting
how far
standardised
orchestration
processes can be
applied; lack of
harmonised
procedures limiting
replication beyond
the pilot

Lack of established
standards for Book
& Claimin freight
logistics;
uncertainty on
recognition of
claimsin
sustainability
reporting
frameworks;

Market & Economic
Barriers

Cost of automation and
digital upgrades with
unclear immediate ROI;
unclear break-even
volumes creating
hesitation to investin
orchestration and
monitoring beyond pilot
scope; difficulty
producing credible
performance evidence
to convince future
clients to scale

Unclear initial ROI for
participants; difficulty
pricing claims and
efficiency units; risk
perception linked to
first-mover
participation;
compliance and
implementation costs

Societal &
Organisational
Barriers

Persistent trust
issues around
sharing strategic
data and process
information; limited
awareness and
acceptance of the
Pl concept and
verified workflow
logic; resistance to
behavioural change
for new verification
steps; limited
stakeholder
engagementin
process redesign
creating adoption
risk; operator
training needs
during transition
period; limited
upstream supply
chain visibility
constraining end-
to-end verification
Low trust between
competing
operators; cultural
resistance to virtual
collaboration
mechanisms; need
forinternal buy-in
from legal,
commercial and
operations teams
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Logistics

Innovation (LI)

LI4 - Intelligent,
standard end-
to-end chain of
custody for
carbon
emission
calculation
(Book & Claim)

LI5-0Open
volume pooled
governance for
reusable
standard
modular boxes
(GS1 SMART-
Box)

S3 -Freight
forwarding
and
intermodal
transport

S1-Volume
pooling and
asset
sharing

PX-Book &
Claim
operations for
collaborative
freight efficiency

P1-0Open pool
governance for
the GS1 SMART-
Box

Procedure

Procedure 2:
Book & Claim
operational
execution

Procedure:
Governance
design

Technological Barriers

and emission reporting
frameworks

Ensuring ongoing data quality,
consistency and comparability
across heterogeneous operator
systems; robust and auditable
verification of efficiency gains;
risk of fraud or data
manipulation; lack of primary
fuel/activity data access

Lack of interoperability
between systems and
warehouse setups across
countries; dependency on
automation and digital tools;
integration challenges with
legacy systems and scanners;
difficulty ensuring compatibility
with RFID gates and
handheld/fixed scanners
across partner systems

GDIKIGAL

Operational
Barriers

outliers without
undermining trustin
the system

Continuous
monitoring burden
across international
custody chains;
managing
exceptions and
outliers without
undermining system
credibility;
sustaining
consistent reporting
cadence across
operators with
different rhythms

Staffing for the
neutral Trustee role
(new role being
piloted with GS1 as
neutral partner)
requiring training,
tools and proper
resources; rule-
based clearing
mechanism stillin
development;

Regulatory &
Policy Barriers

compliance with
competition law
and data
protection
requirements;
unclear regulatory
acceptance of new
emission
accounting
methods
Fragmented
governance of
carbon accounting
frameworks;
unclear regulatory
acceptance of new
emission
accounting
methods; data
protection
requirements for
aggregated and
anonymised data;
ongoing
compliance
obligations

Legal uncertainty
around ownership,
liability and
responsibilities;
data access rules
must be clearly
defined before
operations;
hygiene and food
safety
requirements for

Market & Economic
Barriers

Compliance and
implementation costs
with unclear business
incentives for ongoing
participation; uncertain
market demand for
Book & Claim units;
difficulty maintaining
operator engagement
after pilot phase

Cost of transition and
adoption across the
supply chain; high unit
value and loss risks in
an open pool; costs of
automation upgrades
for tracking and
governance; limited
pilot volume raising
scalability concerns;
unproven business

Societal &
Organisational
Barriers

Resistance to
moving away from
established default
emission factors;
low data literacy
across actors;
culturalresistance
to systematic
monitoring and
sharing of
operational
performance data;
fear of exposing
inefficiencies

Stakeholders'
acceptance and
change
management -
experimenting with
amodel that
departs from
traditional pooling;
clear and agreed
governance
identified as critical
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Innovation (LI)

LI5-0Open
volume pooled
governance for
reusable
standard
modular boxes
(GS1 SMART-
Box)

LI5-0Open
volume pooled
governance for
reusable
standard
modular boxes
(GS1 SMART-
Box)

S2-
Warehousing
and storage

S2-
Warehousing
and storage

P2 - Standard
transport and
warehousing
best practices
with the GS1
SMART-Box

P2 - Standard
transport and
warehousing
best practices
with the GS1
SMART-Box

Procedure

Procedure 1:
Theoretical
flow (physical
specifications,
palletising and
traceability
standards)

Procedure 2:
Operational
flow (filling,
palletising,
transport and
DC inbound
handling)

Technological Barriers

Reliably identifying assets
across different warehouse
setups (barcode orientation,
scanner placement, EPCIS
events); lack of harmonised
palletising standards, stacking
rules and box variants needed
for automation; compatibility
with RFID gates, handheld/fixed
scanners and cross-docking
configurations

Reliably identifying and tracking
assets at each touchpoint
(barcode orientation, scanner
placement, EPCIS event
generation and linkage);
ensuring consistent
RFID/barcode scanning
performance during transport
and unloading across different
operator setups

GDIKIGAL

Operational
Barriers

operational
readiness validation
required across all
pilot partners

Upgrading scanners,
conveyors, robots
and manual handling
stations across
diverse partner sites;
defining and
validating Standard
Operating
Procedures across
multiple partner
environments;
workforce
adaptation and
training
requirements

Consistent
application of
palletising standards
and load-securing
rules at supplier
sites with varying
capabilities;
managing stacking
stability and
equipment
compatibility during
transport;
coordinating

Regulatory &
Policy Barriers

specific product
types (eggs, direct
food contact);
existing contracts
and national
regulations may
hinder pooling
governance design
National
differences in
operational rules
(warehouse safety
norms, pallet-
height limits,
labour regulations)
making cross-
border best
practices difficult
to unify; potential
food safety
compliance
requirements for
certain product
types

National
differences in road
transport and
warehouse safety
regulations
affecting cross-
border operational
flows; compliance
with hygiene
requirements for
specific product
types during
transport

Market & Economic
Barriers

model for reusable
open-pool packaging

CAPEX for automation
tuning, scanning
infrastructure,
warehouse
reconfiguration and
pallet optimisation
tools; ROI projections
uncertain pending pilot
validation

CAPEX for scanning
infrastructure and
EPCIS tooling upgrades
at supplierand DC
sites; uncertain ROI
pending pilot scale
validation

Societal &
Organisational
Barriers

success factor;
resistance to
behavioural
change; limited
stakeholder
engagementin
process redesign

Resistance to
change from
existing staff habits
and routines to new
scanning and
standardised
palletising
procedures;
workforce training
requirements
across multiple
partner sites

Resistance to
change from
established
packing and
loading routines;
workforce training
needs at supplier
and logistics
provider sites;
habit-based
deviations reducing
data quality in
event logs
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Innovation (LI)

LI5-Open
volume pooled
governance for
reusable
standard
modular boxes
(GS1 SMART-
Box)

LI5-0pen
volume pooled
governance for
reusable
standard
modular boxes
(GS1 SMART-
Box)

S4-Cross-
docking

S4-Cross-
docking

P3-Standard in-
store best
practices with
the GS1 SMART-
Box

P3-Standard in-
store best
practices with
the GS1 SMART-
Box

Procedure

Procedure 1:
Theoretical
flow (store
zoning, EPCIS
events, SOP
design and
reverse
logistics)

Procedure 2:
Operational
flow (arrival,
backroom,
shelf
replenishment,
empty box
return and
pooler
collection)

Technological Barriers

Difficulty integrating SMART-
Box handling into existing store-
level systems; compatibility
issues with store scanning
devices and replenishment
systems; EPCIS event
integration with INLECOM
tracking tools; ensuring system
compatibility across all retailer
formats

Difficulty integrating SMART-
Box scanning and identification
into existing store-level
systems (barcodes, RFID) at all
operational touchpoints from
arrival to empty handover to
pooler

GDIKIGAL

Operational
Barriers

inbound handling at
the Distribution
Centre

In-store workflows
require alignment
between brands,
retailers, poolers
and carriers to shift
from SRP/cardboard
to modular reusable
boxes; defining
standard processes
for receiving, storing,
replenishing,
returning empties
and handling
damaged/soiled
boxes across all
store types
Coordination
required between
store staff (receiving,
replenishment),
backroom
management, and
pooler driver for FIFO
rules, folding, sorting
and timely collection
of empties;
managing
exceptions for
damaged or dirty
boxes

Regulatory &
Policy Barriers

Hygiene, safety,
food-contact
compliance,
storage height and
handling procedure
requirements may
slow adoption of
new reusable
formats; potential
variationin
requirements
across national
retail regulations

Compliance
requirements on
hygiene and food-
contact safety
during in-store
handling; national
retail regulations
on storage height
and procedures
varying across pilot
countries

Market & Economic
Barriers

Costs for adapting in-
store equipment,
rearranging shelf
infrastructure, updating
scanning devices,
training staff and
adapting
replenishment
systems; uncertain ROI
at store level given the
number of adaptations
required

Cost of training and
managing changed
workflows across all
store staff; investment
in dedicated backflow
zones and updated
scanning devices at
store level

Societal &
Organisational
Barriers

Store teams and
operations
managers may
resist changed
routine workflows;
cultural shift
required from
single-use
packaging to
reusable modular
boxes; sustained
change
management effort
needed across all
stores

Store teams and
operations
managers may
resist routine
changes; drivers
and staff may revert
to familiar habits;
sustained
enforcement of
new procedures
required to ensure
data quality in the
reverse logistics
loop
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