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Towards Resilient & Intelligent Multimodal Transport Networks
(Results from EU Research Projects ReMuNet & SARIL)

* ReMuNet Project Presentation

SARIL Project Presentation

Panel Discussion

* |nteractive Q&A Session
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Welcome & Opening Remarks Octavia Stepan (CINEA) 13:00-13:10
ReMuNet Project Presentation - Building Maximilian Dicks (FIR), Florian Krietsch (PTV),
resilience in multimodal transport through Dr. Sandra Stein (FHA), Ketki Kulkarni (HAN), 13:10-14:00
digital innovation Lasse Nykanen (VED)

SARIL Project Presentation - Strengthening  Kris Schroven (EMI), Paula Lopez Arevalo, Marta
resilience through collaboration, tools, Waldmann (L-PIT), Diana Noriega (Port Authority of 14:00 - 15:00
and business innovation Vigo), Mariusz Graca (CSL Sp. z0.0.)

Break & Networking 15:00-15:15
Panel Discussion - Resilient Multimodal Alan McKinoon (KLU), Sophie Punte (Life-Links),

Transport Networks: From Research to Pablo Segura (ALICE), Sandra Stein (FHA), 15:15-16:00
Real-World Impact Florian Krietsch (PTV), Arnd Hoppe (Gebruder Weiss)

Interactive Q&A Session All 16:00-16:45
Closing Remarks & Next Steps Maximilian Dicks (FIR), Kris Schroven (EMI) 16:45-17:00
Informal Networking All 17:00-17:30
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ALIGNING PROGRAMMES TO  DELIVER
SOLUTIONS

CEF 2 INNOVATION FUND JUST TRANSITION

Infrastructure Industrial MECHANISM
Solutions Solutions 1.2 B€

31.1 B€ 7.7-38 B€

i Demonstrate HORIZON EUROPE
§ (TRL 6-8) ;
HORIZON EUROPE
(TRL 4-5)

HORIZON EUROPE
(TRL 1-3)

Examples: cinea.ec.europa.eu/system/files/2021-06/Exploitation_success_stories H2020-2020_rev.pdf

o
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LONG HAUL LOGISTICS

HORIZON-CL5-2022-D6-02-07: New concepts and
approaches for resilient and green freight
transport and logistics networks against disruptive

events (including pandemics)

ReMuNet & SARIL
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HORIZON-CL5-2022-D6-02-03: Smart enforcement
for resilient, sustainable and more efficient
transport operations

KEYSTONE & SETO
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Topic description and requirements
New concepts and approaches for resilient and green freight
transport and logistics networks against disruptive events

Expected Outcomes

A multimodal EU freight network (incl. international connections) capable of

rapid, seamless response to disruptions, with reduced emissions and
shorter recovery times

Freight networks resilient by design: real-time data, pre-defined alternative
routes, synchromodal approaches, and secure digital logistics tools

New cost-efficient, zero-emission business models adopted by the sector in
the short-to-medium term, backed by appropriate regulatory frameworks




Topic description and requirements
New concepts and approaches for resilient and green freight transport and
logistics networks against disruptive events (including pandemics)

ReMuNet

ReMuNet

Real-time operational platform for
synchromodal disruption management across
road, rail and inland waterways

Directly addresses synchromodal approaches, pre-
defined alternative routes, real-time digital
tools, corridor performance intelligence

Positioned as a Physical Internet trailblazer:
open, interconnected, shared logistics network

Two pilot corridors - North Sea-Baltic and
Rhine-Danube - with focus on practical
deployments along with industry partners

M . g .ge

SARIL B o e e moorks
SARIL

Extends resilience definition to include

sustainability - "green resilience": minimise
resources to withstand and recover from
disruptions

Directly addresses resilience evaluation, KPls,
multi-stakeholder integration, green business
models

Three geographic scenarios & disruption types:
regional (ltaly — floods + cyberattacks), national
(Iberian  Peninsula — climate hazards),
international (N/C Europe — pandemics, war)

Stakeholder-driven: Delphi surveys, three
scenario workshops, foresight / backcasting »
sessions

on
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ReMuNet - Resilient Multimodal freight transport Network

* Project Overview & Vision  Maximilian Dicks
 Supporting technologies Florian Krietsch, Dr. Sandra Stein, Ketki Kulkarni
* Key results & lessons learned  Lasse Nykdnen

e Qutlook &  Ketki Kulkarni
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Pioneering resilient and adaptive
multimodal transport networks

Project Overview & Vision

Maximilian Dicks (FIR/ReMuNet)
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Supply chain disruptions have devastating effects
on European economy

20XX Potential Strait of Hormuz
blockade could disrupt global S RN )
supply chains, study finds e Caange Impact Areas
J ’ New China Lockdowns And S
s Lok RobertEgen “ Ukraine Conflict Bring P
: Another Wave Of Supply 7
I Chain Issues o
2022 trans.iNFO Pamela N. Danziger Senior Cor o T’:’" '
- German transport sector fears increased driver shortage due to 1‘ : powerfi i m ) |
‘ war in Ukraine h
gartner.com
') () oucantead s ot in 2 mines Gartner.
VI The ship that blocked the Suez Canal
" may be free, but experts warn the % : : .
- . European Union: Change in the value of exports of goods from 2017 to 2022, in %
. supply chain impact could last months compared to the previous year’
2020
‘ How the Suez canal blockage can -86%
. H
[l serlous}'y dent world trade The percent is the forecast decrease in
Gwyﬂ Toph am Guardian gross value added (GVA) in the

European freight transport and
logistics industry in 2020.

2017 2018*

eurostati The coronavirus and its consequences: transport &

logistics in crisis mode

PwC's analysis of the latest developments, M&A deals, joint ventures and strategic
alliances in the transport and logistics industry in the first half of 2020

Economic damage of Rastatt incident
o\ﬂ more than 2 billion Euros

~

Supply chains need to become more resilient!

SARIL

ReMuRIet

Proneering resilent and adaptive
multimodial transport networks
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The ReMuNet consortium Al

multimodial transport

Resilient Multimodal freight Transport Network

Completion
Jun 2026

Sverige -/
!

= Research &
Innovation Action

CaHkr-

= Grant agreement MetepBypr
ID: 101104072

By
= Total budget: 3.99

Mid-term : f ‘9 Latvija
Dec 2024 v

Lietuva

benapycok

Polska

Kick-off

Jul 2023 efbfitidn e  ~ | o
, YKp
Chisinau
France Ve
~® Zaareh Romania o
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ReMuNet aims to increase resilience and
sustainability of European freight transport

Project Volume:
4 Mio. €

Orchestrate freight
transports on a digital
platform to bypass
disruptions and
increase resilience

Duration:
07/23-06/26

ReMUNet Funded by

the European Union

FlWTH Aachen
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ReMuNet pursues a multi-stage approach to R
increase multimodal freight transport resilience
Understanding Q Calculation Q

of multimodal transport networks of multimodal transport route
and description of the effects of options in the face of disruptive

Enabling Q Piloting & Improvement Z

of collaborative synchromodal system-optimising transport and

freight transport route allocation

disruptive events events

European transport networks Reference Model & Algorithm Platform Development & Application

WP 1 WP 2 WP 3 WP 5
Developing European multimodal Creating reference infrastructure Designing collaborative platform Piloting event-based
transport ontology & network and routing algorithm with high operational multimodal relay transport in
classifying disruptive events and focusing on European multimodal interconnectivity for event-based North Sea - Baltic and Rhine -
their impact on transport transport corridors synchromodal relay transport Danube corridors
networks
WP 4 WP 6
Modelling self-learning Dissemination and joint
transport corridors to increase activities

resilience and reduce emissions

Disruption
(low water level)
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Poneering resient and adaptive

Project dissemination & Online Presence W

Newsletter 3 N — o Events &
- Website Social media ., Publications £
ReMuNet — & Webinars = = “¥  Collaborations
Pioneering resilient and adaptive
multimodal transport networks

10 Established collaborations with Scan me to visit the ReMuNet Website

| other EU projects

GEMINI “ADMIRAg

11 | project-related scientific publications

-]

joined conferences in I Scan me for introduction video
1 1 | different countries e — - : I I .
.a“/ A

4/‘

Linked [}
>600 Followers on social media 9 °Y0uTﬁ

V. «




the European Union

Pioneering resilient and adaptive
multimodal transport networks
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Software solutions along the cycle

Florian Krietsch (PTV/ReMunet)
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Algorithms and services for two key questions W

Level Time Horizon Key Question
Strategic Weeks — Months HO\{V do | design and plan the network
optimally?

Dynamic / . How do | respond to disruptions in real
: Minutes - Hours .
Operational time?

~<>ﬂ

N O —
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Dynamic Level

Before starting the
transport process

Short-term receipt of information about disruption

Strategic phase Tactical phase

Short-term plans - What options are available to respond
to disruption?

Strategic basis for
tactical planningin the
event of a disruption

l

Options:
Algorithms Optimization ( a. Booking Alternatives
scenarios through (Shift Mode/ Not) ", -
Plans required: < b. Distribution of Risk ™
- Capacities 1b. Operational capacity """ "
- Prices (Transports)
\_ 2b. Infrastructure (Warehouses)
c. Cooperation
required:

1c. Visibility (capacities)
2c. Strategic agreement

Sovereignty rights:
v’ Limiting capacities
v" Redistribute / allocate

Operational
implementation of
relay traffic:

T o o o o = ==

! Cluster manager - Crisis manager

Who becomes sovereign and when,
and what rights do they have?

ReMu;Iet

Proneering resient and adaptive
multimodial transport networks

During the transport
process

Disruption

®

Operative phase
End customer
. Possible reaction:
Tran§fer to Wait Production shutdown
alternative routes Or
Replacement

Derivation of a
learning process

7~

Y

System Recovery

7

Self-learnin

30
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ReMuNet

Enabler: Harmonised data model for spanning the b

(intermodal) service networks.

Transport Disruptive Mode of
route section events transport

Data Source Nodes

Marine traffic Ship

Rail Cargo Austria | Closed

AP Rail
[s]:1:3 Open ;
AP Rail
Qgis Open
APl Road, Rail
Ten-T / Ten-Tech Closed Road, Rail,
AP Ship
Euris Open :
API Ship
BAW Closed .
API Ship
SGKV Closed Road, Rail,
APl Ship
TX Logistics Open .
ARI Road, Rail
Mobilithek Road, Rail,
Ship
Asfinag Road
Datex Il Road
Route Scanner Raad,.Rai\,
Ship
Road, Rail,
Ship

\ Contargo
— Trassenfinder
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s
ODooOoooo
o @ @ o o o
01.01.2000

=
—
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Poneering resient and adaptive
multimodial transport networks

Strategic level

Intermodal Routing
Method: Routing on multimodal graphs with time-dependent edge weights (cost, time, CO,)

N Mikkeli
v) Kartenebenen || Pori Tamperg
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Operational Level ek

Real-time Rerouting, Truck visibility and dispatching

Truck driver can report during execution disruptions to back-office planner
Or
can change by himself the trip sequence and receive new route and guidance

o Halsnaes; Fredensborg’ ;===

Delivery tracker Iy |+ g X
'
= :
Searchfilters S} v 05/10/2026-05/22/202 v == The performed route is already matched to the
roads
) * RDER BY: TRIPNUMB s (O 3 ~
Q = | = oroerev R ! 5Results () $ o
= L grod
DRC-20260511 S} A
Frederikss!
Q7/11 @051. ©HPIVC. ZTES. =HWEG. © B ?
Furese
TR Y W ®
Danis... Egedal £
Order number From /gv)@ 2 ,,ﬂr
..ll'~_' " TN
S : 472604 PO55 -.Baileruw Herlev,
» 7/11completed stops ) _
4
¢
4

Redovre Ka be

DRC-20260512 e m o 3 & Glostrup
H Heje Taastrup
X ©0/12 @ 05/1208:00 £ PTV-CARRIER Réskilde : Hvidovre T
* arnby,
Ishoj
A _A A A A A A A A A A { Lejr o
Danis... :' Greve
» 0/12completed stops 4
S_GT:QU
DRC-20260513 em o i

X ©0/18 (@ 05/1308:00 %5 PTV-CARRIER ¢

H
5
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5km 7
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Operational Level

Real-time Rerouting, Truck visibility and dispatching

Healing over time by e.g. network healing and sequence optimization
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ReMuNet

Proneering resient and adaptive
multimodial transport networks
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Disruption Scenario Simulation i

* Application: Pre-assessment of network vulnerabilities —
which nodes or links have the highest failure impact?

 Example: Simulation shows that a failure at an intermodal

hub, e.g. Duisburg that affects 34% of Rhine-Danube volume
> prioritisation of redundancy measures
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ReMuNet Platform
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- [
Tools along the chain B\

" STRATEGIC :

@&

NETWORK OPTIMISATION

Design the most efficient
and resilient network

"The strategic level delivers the
plan, the operational level
keeps it alive”

BASELINE PLAN

Define the optimal plan
and prepare for execution

FORECASTING

Anticipate demand,
understand future

r

"The key is that both levels
Share the same network model
— this avoids inconsistencies
and enables fast response
when disruptions hit”

= REAL-TIME MONITORING

Track events and detect
disruptions instantly

OPERATIONAL

REROUTING / ADAPTATION / HEALING ——=

Respond quickly, adapt plans
and restore performance
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Advanced and adaptive routing
algorithms

Dr. Sandra Stein (FHA/ReMuNet)

Pioneering resilient and adaptive
multimodal transport networks
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Advanced routing algorithms

ReMuRIet

Proneering resilent and adaptive
multimodial transport networks

* The Synchromodal Transport Re-Planning Problem (STP) addresses real-time decision
making in stochastic logistics networks.

. ]Ichlnarg]ic Environment: Online re-routing triggered by real-time disruptions (delays, carrier
allure).

* Graph Topology: Multimodal network (Road, Rail, Water) modeled as a directed multigraph.
* Core Objectives: Balancing transport costs, CO2 emissions, and delivery reliability.

* Resilience focus: Maintaining performance and enabling fast recovery after disruptive even
~

B L ——
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Hybrid-RL Methodology

Strategic Hyper-Heuristics

Ee. PPO Algorithm

= |Instead of manual routing, the agent selects from pre-

defined paths:
= Uses Proximal Policy Optimization to train a high-

level agent that acts as a strategic decision-maker ® Cheapest
across the network. = Earliest Arrival
= Low CO2
= Delivers stable, real-time policy convergence. The = Reduces computational overhead. The system learns to

trained agent navigates sudden network disruptions
by adapting the overall network strategy rather than
recalculating from scratch.

"pivot" between priorities—such as selecting "Fastest
Route" only when a deadline is threatened or "Lowest
CO2" when temporal slack allows.

~

N

R

[ -
Poneering resient and adaptive
multimodial transport networks

@ Reward Logic

Optimized via a multi-objective function that prioritizes
rail/water modes and strictly penalizes delivery tardiness.

Aligns the algorithm's choices with real-world KPIs. By
penalizing delivery tardiness while rewarding on-time
arrivals, the policy successfully shifts freight loads to rail
and water without violating critical customer deadlines.

41
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ReMuNet
Results B

PO

The solution showes that

L ) sustainability does not have to
The framework was validated on the * Tested in different scenarios, come at the cost of reliability.
Rhine-Danube corridor, the RL agent demonstrated
demonstrating policy convergence that it learns a stable policy
and adaptive routing. that orchestrates the

» Performance: Successfully shifted load to rail network's recovery - saving
when deadlines allowed, reducing CO2 impact. time and reducing

environmental impact.
Status: Achieved TRL 4 (Functional Proof-of-

Concept) for synchromodal re-planning

Future Research: Evolving the prototype into a
scalable architecture capable of handling
complex, real-world networks.
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Modelling Risk Intelligence: A proof
of concept

Ketki Kulkarni (HAN/ReMuNet)
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Modelling Risk Intelligence: A Proof of Concept

1 - BUILD THE DATA 2 - MODEL THE RISK 3 - RISK CALCULATOR

Systematic disruption
data collection

110 verified events, 2018-2025

Sources: national news agencies, port
& rail authorities, logistics press,
humanitarian cluster reports

4 event types: drought, flood, strike,
accident

Extended for Baltic—Ukraine corridor:

border disruption events — protest
blockades, crossing closures (2022—-
2025)

87 locations across European freight
network

@ - Unified disruption dataset

N4

y B

110 events 87 locations

SARIL

Statistical risk
modelling

Disruption rates per location x event
type x mode

Poisson probability model —
likelihood of disruption in any given
time window

Seasonal adjustment via monthly
multipliers (e.g. August = 3x drought
risk on Rhine)

6 geographic regions for robust

pattern aggregation — incl. Baltic—
Ukraine Corridor as a distinct region

Impact mapping: event type -
capacity loss & duration

| JEN Seasonally-adjusted risk rates

6 regions

5 disruption types

Interactive dashboard
& scenario player

®- LOW / MODERATE / HIGH / CRITICAL

Node-level lookup: location, mode,
month - risk level + disruption
probability

Route-level scenario player: leg-by-leg
risk table + composite route
probability

Disruption trigger - side-by-side
rerouting comparison

Month slider — seasonal recalculation
across full route

Demonstrated on 2 humanitarian
scenarios: Helsinki = Dnipro & Berlin
- Dnipro

2 humanitarian scenarios

ReMuNet

Proneering resient and adaptive
multimodial transport networks
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Key results & lessons learned

Lasse Nykanen (VED/ReMuNet)
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Piloting and validation W

* WP5 - Piloting event-based synchromodal relay transport in North Sea —
Baltic and Rhine — Danube corridors

* Objectives: To test and validate ontologies, approaches, and algorithms,
successful PoC of ReMuNet platform and synchromodal relay transport.

What would they do? What they need?

ICT SYSTEM PILOT
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Sverige

S Tampere ﬂeTpo;
Three use cases:
North Sea — Baltic corridor e
. . :eborg
Rhine — Danube corridor i
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Proneering resient and adaptive
multimodial transport networks

Key results

* System architecture and POC for synchromodal platform available
* Integrations of sub-systems, timetables and routing solutions
* Integrations of use cases

* Disruptive data space
* Real world demand
* Scientific background
* Big opportunity for future innovations

* Real world piloting
* Driver app - AXYLOG

* First draft of ReMuNet platform and concept
* Further development needed
* Opportunities and business potential recognized

| —
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Proneering resilent and adaptive
multimodial transport networks

| essons learned

* Jechnical problems can be solved

* Synchromodal platform needs close collaboration with service providers

* Timetable information gives good information, but booking details and
contractual features would be the game changer

* National and local implementations are not enough for industry
* Regional or even EU-wide coverage needed

* Piloting and POCs are good way to test theory
* Fail fast & learn quick approach

~<>ﬂ
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Proneering resient and adaptive

What next W

* Under ReMuNet project we will summarize and document our pilots,
findings and recommendations

* After the project we see great opportunities to further develop the POC
* More region or corridor driven implementation

* Disruptive dataspace development and engagement of transport and traffic
management authorities -

* Business model and use case development

| —
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Outlook: future research directions
and exploitation potential

Ketki Kulkarni (HAN/ReMuNet)
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Outlook: What makes ReMuNet different? —

Multimodal routing platforms are g Disruption-aware routing
not hew. — intelligence built in, not bolted on

|
Q Y y
Deep-dive into disruptions Bridging the gap MBS EENEE == [ e
concept

Went beyond event lists — built a Translated stakeholder knowledge Built a disruption events module and
structured ontology, root-cause and qualitative insights into usable risk calculator on real historical data.
analysis, and social impact typology quantitative tools — moving from how Next step: full integration into routing

to understand disruptions as a experts talk about disruptions to how logic for operational and strategic use
system. algorithms can act on them. cases.

56




ReMuNet

Future Research Directions —_——

° I Risk-intelligent routing

The disruption module is a proof of concept. Fully integrating probabilistic risk intelligence for routing and network decision support — so
recommendations optimise across cost, time, and disruption likelihood — is the critical next step.

@ I Extreme use cases as platform design drivers

Involving actual end-users in design surfaced requirements that routine freight never would. Humanitarian logistics revealed dynamic
network topologies (nodes disappearing in real time); the ecological pilot raised hard modal-choice constraints under emissions limits.
Designing for the extreme is a methodology that should continue — other candidates include cold-chain logistics under disruption.

Scaling, adoption, and the human layer

Algorithms can reroute in seconds based on a common data set. Getting dispatchers, forwarders, and SMEs to trust and act on those
suggestions is a different research problem — one requiring work on explainability, decision-support interfaces, and low-barrier onboarding.

~<>ﬂ

SARIL 57
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Exploitation Potential —

Commercial & Platform Open & Research

Routing algorithm (PTV & MAN) Disruption ontology & typology

Commercial exploitation via integration into existing products; Open source, free to use. Foundation for European
powered-by attribution model. interoperability standards and future Horizon projects.

Risk assessment framework & stress-testing
methodology

Path to continued development beyond the project; sustainable
business models already scoped. Onboarding and training for
industrial stakeholders (Fit4ReMuNet)

Reusable tools for any platform operator extending to new
corridors — including post-conflict reconstruction in Ukraine.

Data pool & simulation environment (CON, MAN, PTV) Crisis-to-platform feature mapping

APIl-based access model; hosted by platform operators, enabling Structured evidence-base for designing next-generation routing
scale-up to new corridors. platforms for extreme operating environments.

| ReMuNet platform + Fit4ReMuNet tool (FIR)

= A

SARIL
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Resilience isn't a feature you add

ReMu;let

Proneering resient and adaptive
multimodial transport networks

It's something you design for under pressure.

(o & o

Foundation built Integration next Stress-tested

Platform, tools, ontology, datasets Risk intelligence fully embedded in routing From war zones to green corridors
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SARIL - Sustainability And Resilience for Infrastructure and
Logistics networks

* Project Overview Kris Schroven
e SARIL Tool-Kit  Paula Lopez Arevalo
* Business Models and Strategic Recommendations  Marta Waldmann

» Stakeholder Perspective Diana Noriega & Mariusz Graca
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SARIL - Project overview
Kris Schroven (SARIL)
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Table of content

* SARIL Vision
* Stakeholder Engagement
* SARIL Scenarios

* SARIL Project Structure
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The SARIL consortium s
Together for sustainable resilience in logistics

Completion

EVPOy 3" Research &
Innovation Action

= Grant agreement ID:
1011039

= Total budget: 3.98
MEuro

S N -
= e S T e

Mid-term
Nov 2024

Kick-off ; [ -

* Puerto de Vigo ||
N

Autoridad Portuaria de Vi

= Leaflet | Map liles by Stamen Design. CC BY 3.0 — Map data © OpenStresiMap contributors 6 7
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multimodial transport networks

- fhuengﬁ?o!:));an Union =  aon s
. ReMyNet
SARIL Vision

How to make freight Can disruptions be handled
transport more resilient? in a sustainable way?

Give decision support
« Disruption handling

- Sustainable solutions in resilience concepts
« Investments that increase resilience

Give recommendations
e Business models

. Regulqtory measures for transport and logistics

systems.

On different scales. -l

<F A system is resilient and sustainable, if it uses minimal
resources to withstand and recover from disruptions

=
D L ——_
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Nt and adaptive

Stakeholder Engagement S

Ensures relevant project output

1. Interviews and surveys: 2. Two rounds of workshops:
Topics: disruptions, disruption handling Topics: Future images, Sustalnablllty and Jomt platform

i

e Takeaways:
Identification of three stakeholder roles

s = -

R1 R2 R3
Develop and maintain Configure transport and Manage transport and
transport infrastructure logistics networks logistics operations

Technical solutions of the project Clear call for interoperable,
need to be integratable into user-friendly tools,
transport management SyStemS Combining real-time

In use. operations and planning

. Sustainability is only/mainly analytics Data sharing and availability
e

considered in,good weather is key for disruption handling
cond/t/ons
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The three SARIL scenarios @

Basis for the sustainable resilience analysis
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. ReMuNet
Project structure e

Stakeholder engagement

\ -' SARIL
o Lo

Green
resilience
assessment

Impact
&

Demonstration

Recommendations

Scenarios
Green Resilience Methodology

Part 1 Part 2 Part 3
Resilience

Vulnerability and — Transportand —
Traffic Modelling Assessment

~ o\ﬂ Risk Assessment
Data Monogement
75

Per—

Part 4
—  Sustainability
Aspects




oy
Rerrceanagl
Pioneering resilient and adaptive
multimodal transport networks

SARIL Toolkit: functionalities and applications
Paula Lopez Arevalo (SARIL)
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Table of Content W

* SARIL Tool Architecture (How our tools are structured)

* SARIL Tools Description (What our tools do)

* SARIL Scenarios Dashboards (How information is visualised to support decision-
making)
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B SARIL Tool Architecture Crermiot

Poneering resient and adaptive
multimodial transport networks

% @ infrastructure @ uric @ Strzlate'gic D l()p.e?t|onal
% R anagement M onagement i logistics ogistics

] ‘ [ management rrianagement

<C Tinerab iy ana Route planning
= . ulnerability an
< Scour Mor?lt.onng p | Transport Synchro-modal A 1

for Decision <+—— TENTE Y P — o .
<O . . simulations decision making '
= Support Traffic simulation Route attributes
] (Energy module)

Disruption Information Interface

COLLECTING

X e 1) /N

Road capacity Flooding Maps Natural Hazard Maps Other disruptions

DISRUPTION
DATA

PROVIDING
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ReMuNet

Poneering resient and adaptive
multimodial transport networks

B e Natural Hazard Map Tool  universidagavieo

» Forest fire risk prediction
e Ignition point on a map

* Simulate wildfire propagation Forest Fire f}& T—— ! 1|
« Other weather alerts (rain & wind) . Risk Map AT[:_'::‘ ; |
A [ |
(]
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B verviow
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Lo
I. Motorway ASS5 Spain (Vigo-Tui) B =G
The Vigo-Portuguese border motorway or A-55 is a Spanish motorway including in Atlantic corridor Forest Fire Risk Map
infrastructure which currently links the towns of Vigo and Tuy in Pontevedra and continues to the Motorway A-55
Portuguese border where it connects with the A3 (Autoestrada Entre-Douro-e-Minho). MDT
Risk Level
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B e Natural Hazard Map Tool

~

This tool identifies and locates vulnerable areas surrounding road and railway infrastructure, aiding in vegetation and risk management
by integrating geospatial and remote sensing data with climatic and historical hazard information. In SARIL, forest fire risk maps are
simulated for potential fire spread, supporting proactive hazard mitigation. The tool can consider other natural hazards as well.

Infrastructure

- management

Potential mitigation measure 1;
Reduction of highly combustible
vegetation following the fuel or soil type

layer present in the tool.

Potential mitigation measure  2:
Management and planting of hazard
resilient species typology in areas

identified by the tool.

T

Rothermel
Models

1,59

3,6,10, 11,12

4,7,13

SARIL

Vegetation

Agricultural

Atlantic forest

Grasslands, pastures,
mixed forest

Heatherlands, Oak
groves, pruning and
forestry operations

Pine and eucalyptus
forests, pruning and
forestry operations

UniversidagaVigo

ReMu;let

Poneering resient and adaptive
multimodial transport networks

UniversidaaVigo

https://ifcae.uvigo.es/es

Contact:
gonzalo.duran@uvigo.qal
higiniog@uvigo.qal 83
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B == Scour Monitoring for Decision Support

ReMuNet
POLITECNICO e g nemworts
MILANO 1863
* Scour as a critical driver of bridge failure during floods
* Bayesian Network to update scour depth distributions at piers
. A tof | t Il brid liabilit Define the scour estimation model with a
ssessment Of Impacts on overaill bridage reliablity prior PDF for the model error
* Integration of consequence analysis and updated reliabilities for T
risk-based decision-making across the network Measure scour
depth at the bridge
v
Keep on with the existing scour No %ﬁ:real;m Yes Update the scour estimation model
estimation model (Prior PDF for [« . > i
depth reliable? (Posterior PDF for the model error)
the model error)
Keep on with . .
historical _Is the real—t_lme Use_ it as an
discharge data discharge reliable? mnput
- ~
Scour depth at all the piers of |,
the bridges in the network
v
Probability of failure for all ) .
g Analysis of Indirect Costs trhoe zril dlths Oin ?ﬁ:;eew?;l Analysis of Direct Costs
\ J

\ | ] Optimal Management Plan
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Key Functions

* Reliability Assessment: Continuously updates the reliability of

bri

dges within the network using data from Structural Health

Monitoring (SHM) sensors.

» Emergency Decision Support:
provides

n the event of a flood, the tool

infrastructure  managers  with  an  optimized

management plan, determining whether each bridge should
remain open or be closed to minimize risk.

« Securing Monitoring Data Integrity: Enhancing the reliability

an

d security of scour depth data from monitoring sensors

through the cybersecurity tool.

&y

SARI

Contact:

Scour Monitoring for Decision Support

ReMuhet

Proneering resilent and adaptive

multimodial transport networks

Decision_alternatives

Decision Alternatives and Corresponding Risks (million euros):

Risks

Bridgel

Bridge2

Bridge3

Bridge4
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fateme.fadaei@polimi.it
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-4.7168
-6.4622
-4.6656

-6.411
-4.7618
-6.5071
-4.7106
-6.4559
-4.6949
-6.4402
-4.6437

-6.389
-4.7399
-6.4852
-4.6887
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B Disruption Information Interface (DII)

* Collects, aggregates and shares data on ongoing disruptions and hazards
» Forecasts disruption evolution to support operational decision-making
* Analyses historical disruptions to support strategic planning

Autostrada I/ 0 ééodqucmorskc.pl
lat

Wielkopolska N
Intermodal (
il News pl &

POLSKA IZBA

tukasiewicz I
SPEDYCJI |IH LOCISTY

Other (external) disruption PIFFA 72

Kaplan-Meier for Class: Vehicle driving in the wrong direction

Type
—— vehicle driving in the wrong direction

08 ‘
g Kaplan-Meier for Class: Short-term roadworks
s

M R:ilFreight-com 2 ~ 5 o N
9 GDDKiA - | (1 -~ - / ?88:?”3%33
e - % / \ 110101011011 SARIL 08

010101001100
011101011007

News list

Baltic Transport e Bisor:

Journal REPUBLIQUE
FRANCAISE rd
Lot ¢ futeé

# News

Brazilian-German port cooperation with a view to logistics, decarbonisation and innovation

i
Fraternité Representatives of the German Port of Rostock and the Brazilian Port of Pecém (Brazil) 04

1633 signeda on the coog on 17 Sep! The aim is to.

ability of Disruption Continuing

o
o
Prob:
o
Y

tises Zapad.

1632 border crossings with Belarus in connection with the Russian-Belaru:
More >>

00

burs) &
| ( o L E 0 < Politico: The closure of the Polish-Belarusian border can hit EU-China trade ¥
} . The Portal Politico informed that the decision of the Polish government to close the

I nlverSldad \,‘ lgo Flooding maps A Carrot: Launched by the Strategic Maritime Investment Monitoring Committee 500
e Under the leadership of the Deputy Minister of Infrastructure, Arkadiusz Marchewka
1631 pegan the work of the Monitoring Committee for Strategic Maritime Investments. Our.

oﬂ Natural hazard map More >
Road capacity — »

This year Palskie Linie Kolejowe SA. will enable communication between train drivers and
1630 train drivers in GSM-R system. From the beginning of September to the end of October,
More >>
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B> Disruption Information Interface (DII) e

The DIl is an integration component of the SARIL = g -~ .
architecture that aggregates and prepares disruption SARIL
and hazard information for use across the system.

. A Latvija
Disruptions occurring in selected area
Edinburgh Danmark i
14052025, P Sanctions over Russia x
Kebenhavn Biueh S
121622 Aty it 6 Start date: 14052025, 121634
Kanwupaa % End date: N/A

By filtering noise, structuring heterogeneous inputs, 8

[+ +]
°

Sanctions over Belarus War certain
United Kingdom

War on Ukrain

121629 5
p 0 8 8 0 0 0 Eire / Treland || Manchester - .perrield Groningen 1y Start date 052025, 25612 | g date: N/A R
an en rlc In Isru |On a a. Wl el I l Ora | nSl S 14052025, Engiond End date: 15062025, 102501 2 & Open
c——— Sanctions over Russia War certain T Birmingham 1| Congestion n Port U ammaa Warszawa Uil ouenck i Nuneyx 1
W Start date: 14052025, 125828 (g Polska Bpscy G Kypcron " -BOpGH |

Cardiff  London
® End date: N/A

such as expected duration, the DIl transforms raw e sw o B etV s T (o S T

am Main
Belgien’ End date: N/A

observations  into  consistent,  analysis-ready o
information for downstream simulation, resilience, and = G LT e iz Pone.
strategic planning tools.

Pamplona /

Marino
high Leveled fire hazard for Galitia based on Natural Hazard maps tool
Start date: 15.05.2025, 080254 3
End date: N/A Roma It

Leveled fire hazard for Portugal based on Natural Hazard maps tool £
very high Start date: 15.05.2025, 070401
Portugal End date: N/A

Traffic Jam on 1-95 - Heavy congestion due to an earlier incident. Traffic moving at 10 mph. s

Sevilla: €
Bridge Closure on 5th Ave - Structural maintenance is in progress; detours available via
EIm Street.

Train Crossing Delays - A malfunctioning railway signal is causing frequent traffic stops.

[strong container throughput drives Port of Antwerp-Bruges growth despite
|challenging market conditions - Positive trend in container throughput continues...

Protest Blocking Downtown Roads - Demanstrators have occupied Main Square; police
redirecting traffic

|HHLA presents hydrogen projects at Hydrogen Technology Expo Europe - Hamburger |
[Hafen und Logistik AG (HHLA) presented its hydrogen projects... |

Accident on Highway 50 - A multi-vehicle collision has blocked two lanes, causing major
delays. Emergency crews on site.

Roadwork on Main Street - Expect slow traffic due to ongoing road resurfacing. Estimated |
: ‘ completion: 3 days. '
\ Contact: marta.waldmann@pit.lukasiewicz.gov.pl

krzysztof.matysiak@pit./lukasiewicz.qov.pl tulasienlcs
PIT
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B2 Road Attributes — Energy Module SINTEF ﬁi«

Proneering resient and adaptive
multimodial transport networks

* Determines shortest vehicle route from a set of waypoints (origin-destination).

* [Energy calculations are physics-based and depend on the detailed 3D geometry of the
route, as well as the physical properties of the vehicle.

Detailed geometry

Output

Speed

Physics-based Energy consumption

computation
Fuel consumption

Direct emissions/particulate matter

Indirect emissions (LCA)

Y

Detailed along the entire route
R (0 B S wie ab
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B == Road Attributes — Energy Module
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Proneering resient and adaptive
multimodial transport networks

Key functions

» Performs detailed calculations of energy consumption in the transport sector (by road, rail, air, and water)

» Estimates energy, fuel consumption, and emissions (CO, and NOy) based on the transport network, infrastructure
characteristics, and vehicle type

* User-friendly interface allows users to select origin and destination points on a map, define vehicle characteristics, and specify
driving styles, enabling accurate and flexible emission and energy assessments.

) - Energymodule version: 2025-08-26 Routing system: Built-in router, AStar
7 s Routing network: NMA/NPRA 2024-11-01 Processing time: 17 ms
Warnings: A7 Route summary: 7,5km (A199m, 471 m)
Time usage: 10 min,, 51 sek. Average speed: 42 km/h
Vehicle: ® Volvo FH Euro 6, 6x2 Engine work: 18,6 KWh
P Brake work: 2,7 KWh Engine consumption: 54,3 KWh
S Engine consumption per 72 KWh per 10 km Regeneration: 0 KWh
R mile:
% Fuel consumption: 5,5 L diesel, med 19% Fuel consumption per mile: 7.3 L per 10 km
biodiesel (tungbil)
Total CO e emissions: 161529 Total NO, emissions: 181g
Average horizon distance: 1251 m Average efficiencies: eff_mc: 0,35
eff_gm: 0,85

(%7 Contact: sahar.babri@sintef.no
SINTEF

kelly.pitera@sintef.no
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B===  Vulnerability and Traffic Tool RI\A

Main functionalities

ReMu;Iet

Proneering resient and adaptive
multimodial transport networks

Enhanced Risk Awareness and Preparedness: To provide a clear understanding of the potential impacts of natural events on the
transportation network and communities. This allows authorities, businesses, and individuals to be better prepared for potential
Optimized Transportation Planning and Infrastructure Investment: Inform long-term transportation planning decisions, highlighting
vulnerabilities in the network and justifying investments in more resilient infrastructure or alternative routes

Minimizing Economic Losses: By quantifying the potential economic costs associated with travel delays and disruptions caused by
natural events, the tool can help in developing mitigation strategies to reduce these losses for businesses and the overall economy.

Vulnerability and Risk & Resilience

Risk Assessment

Assessment

Transport and
Traffic Modelling

|

2 AT

° g£

Hazard Characterization ocations

Geometrical and mechanical parameters, location,
Maintenance history, Service and capacity etc.
! g

owner type owner.

B L :

i i
€
‘&\h \

vl

{ A
o &\ o\ Peak Ground Acceleration [g]
SR 10% Exceedance Probabi 50
$ U A o
. / ad
o\
o7 o -

nnnnnn




B == \Jylnerability and Traffic Tool RISA  (FReManet

Proneering resilent and adaptive
multimodial transport networks

Vulnerabilityand Risk & Resilience
Risk Assessment Assessment

. Transport and | |
- - - - J
Traffic Modelling
Level of Service BEFORE and

Network Modelling ~ AFTER the event
using aTraffic

- - -

Module = Direct Losses and Indirect # T
- | o i L o :
L A e o osses j & . i \‘ 9 =]
o == %

B EAL —0—0
R e § g oy bt 1,961 2,067 ) ]
. o N
IIn

‘ 1,946
- 5 o
| S A 1,418 1,502 1,416 158 18 s e
- T g -t e ‘= T
— - e
W Ny 0,987 0,987
e N AB_VOC =
% 0,000 10 0.2000 a’
72 o, - 55 — 0.2000 to 0.4000
- N s 04000 to 0.6000
0,600 to 0.8000
= .
e — s 6 7 8
1‘

3 4 s 10 m o1 1 1 15 1 RESILIENCE ASSESSMENT —
RECOVERY PHASE

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

Resilience
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e Traffic Simulation Tool

 Disruption impact on traffic scenarios

» Vary the initial traffic distribution

* Quantifies time-dependent resilience of transport
networks

* Supports decision-making for planners, policymakers,
and logistics operators

ReMuNet

Proneering resient and adaptive
Universidade do Minho multimodial transport networks

! 7\
%L

-9.500 -9.000 -8.500 -8.000

Port of Vigo W/,
[ =N

42.000

41,500

Legend

— Main roads network
Logistic infrastructure

Port of Leixoes

Main road network of the Porto—Vigo corridor, including key
logistic infrastructures
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B2 Traffic Simulation Tool P

Proneering resient and adaptive
multimodial transport networks

Overall O-D trip assessment for the study area during fire disruption

* Develops a dynamic framework to assess time-dependent resilience

f : ' ' e Ave t.rip Increase Avg travel Reductio|Avg lost Increase C02 Increas
of transport networks under evolving wildfire conditions Event/ Measure | duration | """ | speed | T SRR ST SRS | emission | K
: L : (s) (km/h) (t)
* Integrates hazard modelling and traffic simulation through a GIS- Base event 1500 0 20 0 - o 500 0
based coupling mechanism for realistic disruption representation A-55 fire event | 1560 4 113 6 21 5 214 7
g
* Evaluates resilience performance indicators Firebreak measure | 1545 3 1S 4 21 3 210 >
 Assesses the effectiveness of diverse mitigati ' Light vehicles N
gation strategies management 1500 0 120 0 20 0 200 0
(environmental, structural, and digital) within a unified framework —
Early warning
* Provides a scalable and transferable tool for multi-hazard resilience digital system | 15525 | 3.5 114 5 21 4 208 4
measure
analysis and decision support for planners and policymakers Base event 5000 0 ” o 1 30 o o0 | o
A-55 fire event 2120 6 82 9 32 7 545 9
fire start Firebreak measure 2080 4 85 6 32 5 530 6
> Heavy vehicles Forest mass
- management 2000 0 90 0 30 0 500 0
measure
e Early warning
i digital system 2100 5 83 7.5 32 6 520 4
o measure

25 100 125 150 175 200 25
Time (howrs)

0 Comparing the heavy vehicle average speeds during A-55
fire event with and without mitigation measures application Contact:

2y % <N
[d906 5@uminho.pt -1~ \/

sondn@civil.uminho.pt

SARIL
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B Agent-based simulation for Resilience of ﬁﬁ“

Proneering resient and adaptive
networks

Intermodal Transportation (ASTROIT) e

Plan Network
Changes

e.g. new warehouse
locations or services

Test Mitigation AS'R&“ Identify
Measures Vulnerabilities
. © Delivery Time ) .
e.g. additional trucks, e.g. identification of
alternative transport bottlenecks, cascade
modes effects, and trade-offs

. ®

o\p Disruption Analysis

\ Impact of cascading effects
(%7 on transshipment points &
services
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Agent-based simulation for Resilience of Intermodal Transportatio

i

Aberdeen

ountee

[

=

)
{ g

N ” // J’*\\ 4

Jorkoping

Latvija &y

~ Fraunhofer

EMI

X
) ==X ‘
Edinbirgh \ Helsingborg
1
i ~, LA Contact:
Kobenhavn - g
United Kingdom 'y ewcastie odens @ V74
) e BLUVe
Carme UPOTyrie i N ( Lietuva =
Fensbur — >
[ B g\Q\ 4 e \ ~~ — Kaunas ' Vilnius £ . .
o Grasion \ NN s omeiX */ ey oblas Rinnert
> 5le of Mo\ N ( Sy = L— Bbhg e
L / LN tones Meckienzis = Kossatin LY QManaseod :
NN N Leeds Q o Labedk Wrpmmes Sapucar Marinej
\ Presion. . | \ _— Harsur Y Z
= Y irg benapyce
Eire / Irelang— DuDIn ¥ Sheffield \ Va > P o, G| . Gridziads ' ' 0
Bt \ ¢ Gonnan opias.~inneriaemi.rraunnoier.ae
/ PSS R ( ¥ i I\ 0 . .
/ ingham ¢ 4 \\ ( My Bre Lt R Ba6pyAck 4
{ Patertgrou [ 5 aniropcx ¥
/| Birmingham Precteroveh L e fsaon | 2wt p “in £
4 Miton Osngbrus Plock
) 4 Woriaster , Kéynes % Cambridge 7 Nederland 7‘ " . ~ ¢ .
4 ichester 3 . L Wars. jedice - _
% o o o IO o, ok e S o gent-bpased simu ation methoags
Swanseas  Cardiff London Z Middeitr: b Cottby Gora wo;ewod 7w
< AT RE oribui f
| i *° Southend: \, N N ASaoven.) Criotebur Vdrhie {
o wses. b ruge 7 !
A D ] Radom ;
Exeter SOURampLON Brighton s ! 4en e L 3
| S e~ gelgie s Pt o i S '
A Plymouth = Weoss—Belgique 1 & Labem?s o dee p Myusk .0 o 51 .
—~ =l = v p Belglen; nef Praha Li-aads, 3 Katowice Kuie
= £ g i R e
\ p Uerg N . Sina Lpeas
S Lo Havre Ruen s 5 Promay u
” s N Jiiova ™ (BmO™ S Zin  ana™ ] o
¢ i Saarbrockd y & ‘_ 33
= < = / s
Sovensko, _ yozco Yx(hoA : ocra,, oNCoA)
Brest Wien | L
J Rennes. 2. \abratislava s Miskolc S8 \
N Le Mans ~ \ Y \
SotuViore S -
S el (b - Saltbur Osterreich ) o g / N/ Peegsny
~\ rors S PR, aiburg - Osterreich 3 Budapest Deescent” g e 5.9 o
\ : Sesancls X2 SrorpSathely ol S LR oo \

SARIL



mailto:Tobias.Rinnert@emi.fraunhofer.de

- %
ReMuNet TRA 13895‘/%':57522

od sponneork

SARIL Scenarios Dashboards



-

B=% SARIL Dashboards for Green & Efficient @3‘
Decision Making

multimodial transport networks

SARIL Outputs & Decision Support

* SARIL tools generate insights to improve logistics
system management

Interactive Dashboards
* Developed as a centralized, user-friendly platform

- Support faster, higher-quality decision-making * Present data in an accessible and intuitive format

e Integrate tool outputs with green resilience

 Enable optimisation of key parameters (fuel
assessment results

consumption, CO2 emissions)
» Contribute directly to green resilience objectives

—— oy,

S

- - —

_ A
= — QGIS —




W= SARIL Dashboards for Green & Efficient
Decision Making

ReMuNet

Proneering resiient and adaptive
mi ol transport ne rk

B-S-4 B-

H-2 B-S-1
Eopen o Eopen

Suma de Disrupted = = = - Suma de Baseline

o(g;? Bridge Management
sariL During Flooding Events

cem _Sa

Ingenieria y Control -

Contact: o2 3
paula.lopez@cemosa.es 5 3
. e = 15 L
concepcion.toribio@cemosa.es E 3
2 i
10
100
5
0 1 2
Flood level [m3/s] Difference [millions €]

Suma de Suma de Sumade Flow1 Suma de Flow 2 Suma de Travel Suma de Travel

Congestion level 1 Congestion level 2 [car/h] [car/h] time 1 [min] time 2 [min]
v

21578759 0,00 0,00 0,00 0,00 1.000,00 1.000,00
21622615 0,00 0,00 0,00 0,00 1.000,00 1.000,00
21662870 0,00 0,00 0,00 0,00 1.000,00 1.000,00
21747090 0,95 0,98 14.277,43 14.719,51 4,49 4,56
Bt oL SemiL RO M RONE L by Bt Total 427,28 430,22 7.549.070,86 7.604.537,64 3.440,95 3.441,09

- Disdlaimer- SARILis funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union. Neither the European Union nor the cemasa
granting authority can be held responsible for them

Funded by the

Ingenieria y Control
European Union '
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Pioneering resilient and adaptive
multimodal transport networks

SARIL Business models and recommendations
Marta Waldmann (L-PIT/SARIL)

20/05/2026
PARTNERS
g A T . . .
fir ' p7 @ %2 MANSIO ZZ Fraunhofer \9 HAFEN WIEN \\/ ~ Fraunhofer UniversidagVigo
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What makes a business model “green” in SARIL?

A green business model combines economic, environmental and resilience value

* Avoided losses

Economic value
/\/I QJ:I » Cost efficiency

« Service continuity

Economy

Green
Business Model

in SARIL

Environmental value

* CO, reduction
Cds ) Energy efficiency

* Modal shift

Oxﬂ Sustainability Resilience

Resilience value
« Disruption readiness
 Flexibility

« Recovery capacity




ReMuNet

Proneering resient and adaptive
multimodial transport networks

[ -
Business models and recommendations

SARIL enables a shift from cost to value — building a sustainable, resilient and competitive freight

transport and Logistics system
NOT JUST AN RESILIENCE SUSTAINABILITY BECAUSE IT
ADDITIONAL COST Prepare, adapt Reduce impact, CREATES VALUE
and recover use resources
from disruptions responsibly
Don’t see resilience and &
sustainability as extra costs... value and competitive
&@ advantage.

- e GREEN RESILIENCE | =) =
I l Business Models
. e @ Tools » Models « Data @ . I
Collaboration « Innovation
Cost focus Value focus
Long-term perspective

Short-term perspective PRACTICAL IMPLEMENTATION
Higher risk and losses Actionable tools and real-world solutions
(. Y for businesses and institutions N

...but as a source of

)
o ' o

Stronger and more competitive

GREEN RESILIENCE CAN:

issi f A Improve resource
Reduce losses = Shorten response Lower emissions utiﬁzation Increase reliability
O\P during disruptions — and recovery time and environmental U ofid effiEiency of logistics services

impact
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Business model archetypes by role

ReMu;Iet

Proneering resient and adaptive
multimodial transport networks

@ Role 3 - Logistics Operators and Shippers

o & 2 &

Entities responsible for the day-to-day
management of freight flows.

@ Role 2 - Logistics Network Configurators

O @ 9

Entities responsible for strategic logistics network
design: selection of hubs, corridors, partners,
terminals and transport modes.

@ Role 1 - Infrastructure Managers

b B A & @

Infrastructure managers, road, rail and port
operators, and entities responsible for
traffic management

Scope of responsibility

@ R3a - Operational

orchestration

R3b - Carrier and
terminal operations

Scope of responsibility

Scope of responsibility
« Lifecycle infrastructure management « Selection of hubs and corridors
« Monitoring and predictive maintenance « Selection of partners and terminals « Physical execution of transport

« Managing flows in real time
« Selection of routes and

« Sharing infrastructure status data
« Investment in resilience

resilience and continuity of operations.

Example business models

« Lifecycle-Optimised Green Infrastructure
« Green Infrastructure-as-a-Service
« Circular Infrastructure Investment

Business model logic

Building infrastructure that is more reliable,
data-driven and supported by monitoring and
predictive maintenance, in order to strengthen

« Selection of transport modes
« Optimisation of cost, emissions, delivery
time and resilience

Business model logic
Designing logistics networks that already at

the planning stage combine cost efficiency,
lower emissions, greater flexibility and higher
resilience to disruptions.

Example business models
« Sustainability-Weighted Network Configuration

+ Green Corridor Strategy
« Resilience-Embedded Network Planning

by

transport modes
« Response to disruptions

7

» Terminal handling
« Delivery of operational
services

Business model logic

Providing greater operational flexibility, faster
response to disruptions and more efficient use
of resources in the day-to-day management
of freight flows.

Example business models
Synchromodal Orchestration Platform
Disruption Monitoring & Replanning /
Resilience-as-a-Service

Load Pooling Marketplace

Green Fleet & Carrier Management
Zero-Emission Urban Last-Mile

Green Intermodal Terminal Operations

Infrastructure level
Resilient and sustainable

Network design level
Strategic design of green

Operational level
Efficient and flexible operations

=b

infrastructure and resilient logistics networks in daily logistics

of - ()

SARIL

~
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Synchromodality model — flexible choice

Transport decisions are made dynamically based on real-time data.

N

Real-time data

¢ Lul

: :

@ availability

cost

@ emissions

@ capacity
/\ disruption risk

N

P

Dynamic decision

O

9,

Choice of route, transport
mode or service can be
made as late as possible.

~N

7

Multiple alternatives

'o-a road
g rail

==
E sea

oy

)

intermodal

3

Instead of a rigid chain: a flexible network, faster response, greater resilience.

ReMu;Iet

Proneering resient and adaptive
multimodial transport networks
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B
SARIL tools as business model enablers .

SARIL tools are not only research outputs, but potential service components.

N

; . N G ( )
Possibl fi t
2SS SEIVIGENOTINaLS / Infrastructure bundle -»;«-Q @ Logistics bundle

SaaS
aa Vulnerability & Traffic Tool "’/ ASTROIT

Y,

)

(%)
otd b

API \Q, Scour Monitoring G

Energy Module
Natural Hazard Maps

Data-as-a-Service @ s : .
Disruption Information Interf
‘(ﬁ) Forest Fire Risk Map / FlamMap a2

Monitoring-as-a-Service

) iRk (@
>

@3 SARIL Green Resilience Platform

Project licences

'
B )

O 5 090
£ = %
-”-El Integrated platform e

Combined
I ) Integrated workflows Shared dashboard decision support

The most comprehensive commercialisation option.
What these tools enable

&o Disruption ¢®"' Simulation-based |,,».§:- Monitoring @ Emissions /\ Dynamic
—];o intelligence i.” | planning _LL assessment & J decision-making
<

i
o E———
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Implementation of business models %

* X %

{ } EU regulations High investment costs

<C02> Emissions reporting ) @
4 pressure
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g % Data quality and
ol ilability issues
il = 4= e
[I:D_Jt
=

Lack of trust between actors

Digital tools | :

: mplementation of

et P = Lack of system
- Al 16T, digital twins green resilience interoperability
T data spaces business models

Infrastructure constraints

S W,

000 Growing customer demand
(‘mj for low-emission and

resilient logistics services
. J 8

Organisational resistance
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Recommendations: structure and purpose .

Stakeholder \ Insights \ Role-baseq
engagement gathered recommendations

® a e 3 stakeholder R1
%\m workshops " Infrastructure
Italy « Poland * Spain Managers
by R2
v — Surveys ietice N K
Hior g Needs, challenges ; 3 : (L:ziifsitglﬁiatsror

and practical
expectations

” Interviews o R3

Logistics Operators
and Shippers

|,
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Recommendations for Role 1 — Infrastructure Managers

C Key challenges

Transport infrastructure faces increasing disruption risks:

Climate-related hazards (floods, storms, wildfires)
Ageing infrastructure
Limited redundancy in critical corridors

Insufficient integration between infrastructure status

and logistics operations

0T Infrastructure managers need tools enabling:

oF

&y

Vulnerability assessment
Real-time monitoring

Disruption-aware traffic management

@ From reactive crisis response to proactive, data-driven resilience by design.

SARIL

@ Key messages

ReMu;Iet

Proneering resient and adaptive
multimodial transport networks

Infrastructure resilience should be strengthened through:

® [nfrastructure monitoring and early warning systems

* Integration of infrastructure data into logistics
decision-making

* |mproved risk and vulnerability assessment

® Coordination between infrastructure managers
and logistics actors

SARIL tools supporting this role:

D\(?A Vulnerability & Traffic Tool

Scour Monitoring Decision Support

Disruption Information Interface

=3
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Recommendations for Role 2 — Logistics Network bk

Configurators

/_\ Key challenges

Strategic logistics network design often suffers from:

® dependence on specific transport corridors
® l|imited multimodal flexibility
® rigid network structures

® insufficient consideration of disruption risks
in network planning

B Strategic decisions should incorporate:

O

Key messages

® resilience analysis
® alternative routing options

®* multimodal transport solutions

( OE ; These tools allow simulation of alternative logistics network configurations.

Network resilience can be improved through:

® designing logistics networks with redundancy
® integrating multimodal transport solutions

® evaluating alternative network configurations

® using simulation tools to assess disruption impacts

SARIL tools supporting this role:

&,@ Transport simulations (ASTROIT)

DD[I Route Attributes Energy Module

| i Disruption Information Interface



Recommendations for Role 3 — Logistics Operators and sk
Shippers

& Operational challenges @ Key messages

Daily logistics operations are strongly affected by disruptions: Operational resilience can be improved through:
® limited real-time information about disruptions ® real-time disruption information
® strong time pressure in decision-making ® dynamic routing and mode switching
® complex coordination between actors ® improved coordination across logistics actors
* difficulties in rerouting cargo flows * use of digital decision-support tools
=0 SARIL tools supporting this role:

Disruption Information Interface

E%, Operators need tools enabling: = E

® real-time disruption awareness

. : o ®_ @ Route Attributes Module
® dynamic routing decisions &)

® coordination across the logistics network

n0ol Transport simulation tools
= - -y

, @ These tools enable dynamic operational decision-making during disruptions.
~ %

SARIL
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Final key messages -

0 Design principle 6 Deployment logic
Resilience and sustainability must be N N Business models are needed to make
designed together. l]l] SARIL results deployable.

Green resilience is not only a technical -

They define value propositions, incentives,

concept, but a planning and management revenue logic and measurable KPIs.

principle.

J
2
e From knowledge to action G Shared responsibility

@ (_f Recommendations turn SARIL knowledge —> / @\ Infrastructure managers, network
A

e ) into action. configurators, logistics operators and
They provide practical guidance for po'llcymakers.gach have a spemflc rolt.a in
: . o . building a resilient and sustainable freight
implementation and decision-making.
transport system.

@30 SARIL supports the shift from disruption response to resilience by design.

O‘P Tools, business models and recommendations work together to enable green resilience in freight transport and logistics.

N
SARIL\
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Addressing Maritime Transport and Logistics Needs
through SARIL Tools: The Port of Vigo Case Study

Diana Noriega (Port Authority of Vigo/SARIL)
20/05/2026
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Case study: The Port of Vigo. Brief Presentation. pkoha

* Port of General Interest of the Spanish State. Located in the NW of
Spain (Galicia)

* Important hub for the transport and logistic sector in the Atlantic
maritime traffic - links with EU countries and main international ports

* Mainly general cargo and comercial goods: Automotive and frozen fish ~
5,5 Ktons/year (94%:)
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Main needs and challenges identified by stakeholders™ ===

Better data collection and sharing across port and logistics stakeholders (cybersecurity, confidentiality
and competition)

Increasing disruptions linked to extreme weather events, social unrest and operational delays
Importance of a joint digital platform supporting both operational and strategic decision-making

Key challenge lack of coordination between actors and governance levels - need for stronger
collaboration

Resilience and sustainability should be addressed together, although environmental priorities are often
secondary during emergencies

CAUSES OF DISRUPTION

3 T
EXTREME ‘/" ‘\

WEATHER _ ~ ROAD CUTS
EVENTS

UL SO
s ‘RESILIENCE&. i (¢ _\ .
SUSTAINABILITY \" " $ SARI L

é%x P A Taine  tOOIS |

COORDINATION  PLATFORMS & S
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Potential application of tools developed e

* Several of the tools generated strong interest among port operational and
management stakeholders due to their high potential for adaptation to specifi
operational needs

* The tools not only assess energy and traffic parameters to help reduce
potential disruptions — such as delays and increased costs — but also
address infrastructure-related risks, of critical importance in port environments

* High potential for practical |mplementat|on in port enwronments

1. TRAFFIC ASSESSMENT

LOGISTIC: FLUENT,

RESILIENT & SUSTAINABLE

116
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Next steps & Future perspectives B

* Real implementation and testing in pilot ports; Port of Vigo (Spain) and
Port of Leixdes (Portugal)

* High replication potential across EU and international ports, with further
adaptation and validation in real operational environments

* New opportunities for EU proposals and cross-sector collaboration,
whilst strengthening the SARIL consortium network

| STRATEGIC EXPaNsioN 5

VIGO - LEIXGES: PARTKERSHIP

—_r
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END-USER PERSEPECTIVE

From daily disruptions to resilient logistics
Logistics Operator perspective

Mariusz Graca (CSL Sp. z 0.0. / SARIL)

20/05/2026
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1 l~+1 ' ‘ S Poneurgutrt o
aily logistics reall :
SEVERE WEATHER , -~
CONDITIONS 9

3 FLIGHT
DISRUPTIONS

&PORTDELAVS x e

GEOPOLITICAL
CRISES

 Constant disruptions

e RAIL CAPACITY
' CONSTRAINTS

* High uncertainty

e [ime-critical decisions

RAIL TRANSPORT
DISRUPTIONS ‘
S

A

L/ - F

e Information overload 7

? AIR FREIGHT BOOK! ,:" ':
. 1) REGULATORY CHANGES RISING TRANSPORT 000 CYBERATTACKS
ock: S0 Fg L6 il = A 5a) LABOR SHORTAGES .m
& T R e, AR =@  &CUSTOMS PROCEDURES il costs (] = s svstem ounaces
Mierene. 2

* Better decisions require
better information
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From data to resilience

LOGISTICS & TRANSPORTATION TOOL ECOSYSTEM

Turning raw data into practical decisions

* Real-time disruption awareness :

* Network & scenario modelling g o @

External data
VISIBILITY

(weather, ports,
traffic, events) Real-time view
of operations

and exceptions

* Sustainable optimisation

Network &
operational

o @

ANALYZE - PREDICT « OPTIMIZE

G

ANALYTICS PREDICTION
Understand Predict disruptions
performance and their impact

and root causes

_o—
— -
- S——

OPTIMIZATION

Evaluate options
and recommend
the best actions

data

Commercial
& partner
data

* Turning complexity
into actionable insight —

N4

B
SARIL

59
o5

v . W

ONE PLATFORM
CONNECTED DATA
& INTELLIGENCE

FOUNDATION

a SECURITY DATA QUALITY
& GOVERNANCE & MASTER DATA

>

-

R

ReMuRIet

Proneering resilent and adaptive
multimodial transport networks

r

WA

» ¢!

SCALABLE
CLOUD PLATFORM

ACTIONABLE INSIGHTS

Disruption alerts
& impact

Recommended
actions &

alternatives

Forecasts &
scenario results

-0 PARTNERS
'.‘ & ECOSYSTEM

QA

BETTER DECI

G
|

SIONS

@ Mitigate risks

(_-? Improve service
O—- g reliability

Optimi;

&

operati

ze cost

& capacity

Drive sustainable

ions.
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Key takeaways N

Confidence from reliable data.
Advantage in every decision.

* Integrated view of disruptions

<  Reliable - Smart - Clear " @ Better
&  Data Analytics Insights Decisions

* Decision support, not just data

* Resilience as capability

Anticipate and avoid disruptions

Lower costs
Optimize resources and routes

* Sustainability in daily planning

Stronger customer trust
Deliver on time, every time

. Resilience

Competitive advantage

~<>ﬂ

B L ——
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Our feedback ik

INTEGRATED TRANSPORT & LOGISTICS PLATFORM
One system. Connected decisions. Stronger supply chains.

SUSTAINABILITY RESILIENCE
o S ' | | @ Lower emissions ~ = @ Build robust operations
t rO n g p raCt | Ca re e\/a n Ce | i lise j/—\r ) Adapt and respond
.

* High operational potential S

| INFRASTRUCTURE
‘—. @ Optimize assets
for the future

4 4 & MITIGATION
e ~—o Evaluate options t
> Reduce impact //

°
A DISRUPTION
Detect early e —
Assess impact — ,I_,R,_ 7
\ y \_/’9
2 ./ \.

RECOMMENDATION SUPPORT
Data-driven insights pro. Expert guidance ‘\r‘
Best action forward Vi hen you need it !

.

INTEGRATED PLATFORM

Real-time data « Analytics « Al
Collaborative « Secure

* Worth further development

e \We would use it
if available on the market
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We continue in 15
minutes...



Alan McKinnon Sophie Punte Arnd Hoppe Sandra Stein Florian Krietsch

Professor of Logistics, Co-founder and CEO, Project Manager Corporate HSQ Head of Research, Senior Project Manager,
Kithne Logistics University Life-Links & Customers, Gebriider Weiss Fraunhofer Austria PTV

PANEL DISCUSSION

Resilient Multimodal Transport Networks:
From Research to Real-World Impact

. >y £
ReMuNet ((%)7 TRA" Buparest

SARIL 18-21/05/26
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Closing remarks &
Next Steps



ReMuNet = TRA &2io5:2
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Clear call for interoperable,
user-friendly tools, combining
real-time operations and
planning analytics

Sustainability is only/mainly

considered in ,good weather

conditions.

Infrastructure @ 1.fic Strategic Operational

management M nogement logistics dll 'ogistics
managemen m

Route planning
Transport _» Synchro-modal Ay
simulations decision making

el Vulnerability and
Monitoring _ traffictool

for Decision Route attributes

Traffic simulation

SARIL
toolkit

SUTOH (Energy module)

COLLECTI
NG DATA

x Naturwazard m

pacity Flooding Maps Maps disruptions

PROVIDING
DISRUPTION




£ Future research is needed to
BUDAPEST '
ReMuNet = TRA =z enagble synchromodality and
increase resilience

Optimize supply chain management by
integrating Al algorithms

Improve on real-time data transmission
and event-forecasting to enhance
disruption management

Connect data bases of companies,
institutes, governmental entities while
ensuring data sovereignty and security

Improve standardisation of data exchange
and communication across Europe
Further connection of industry stakeholders
to create collaborative business models



Thank you for your attention!

BUDAPEST
ReMuNet TRA 18-21/05/26
SARIL sy P,

The ReMuNet & SARIL are funded by the European Union under GA number 101104072 & 101103978. Views and opinions expressed are however those of the author(s)
only and do not necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the
European Union nor the granting authority can be held responsible for them.
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