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Disclaimer

RAMONES is a European Innovation Council (EIC) FET Proactive project in the Environmental
Intelligence Scope B, related to radically novel approaches to resilient, reliable and
environmentally responsible in-situ monitoring, funded by the European Union under Horizon
2020 FET proactive programme, via grant agreement No. 101017808.

RAMONES project's main objective is to close the current marine radioactivity gap in sampling
needs and foster new interdisciplinary research in ocean ecosystems. RAMONES will invest a
significant effort to provide tools to enable long-term data acquisition missions, rapid
deployments, low cost per information byte, and propose new Al and Robotics-driven and
supported methodologies, being ambitious to eventually offer scaled-up solutions to
researchers, policy makers and communities. These goals will be achieved by combining state-
of-the-art (SoA) methodologies and equipment from various disciplines in a well-balanced
synergy. It will also design new and effective methodologies targeting the marine
environment, which will provide efficient response to existing natural and man-made hazards,
and shape future policies for the global population. RAMONES will additionally contribute to
shaping a blueprint on Environmental Intelligence in the EU and worldwide.

This document has been produced through funding from the
* * * European Commission. The content of this document is a
product of the RAMONES project Consortium, and it does not
necessarily reflect the opinion of the European Commission.
The editor, author, contributors and reviewers of this
document have taken any available measure for its content to
be accurate and lawful. However, neither the project
consortium as a whole, nor the individual partners that have
implicitly or explicitly participated in the creation and publication of this document may be
held responsible for any damage, financial or other loss or any other issue that may arise as a
result of using the content of this document or any of the project outputs that this document
may refer to.

The European Union (EU) was established in accordance with the Treaty on the European
Union (Maastricht). There are currently 27 member states of the European Union. It is based
on the European Communities and the member states’ cooperation in the fields of Common
Foreign and Security Policy and Justice and Home Affairs. The five main institutions of the
European Union are the European Parliament, the Council of Ministers, the European
Commission, the Court of Justice, and the Court of Auditors (http://europa.eu.int/).
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1. Introduction

This document is the fourth iteration of the Blueprint for European Environmental Intelligence
(El) and is produced from the RAMONES project of the Horizon2020 Future and Emerging
Technologies (FET).

Despite its rather broad domain and the various definitions it can receive, Environmental
Intelligence (El) focuses on integrating cutting-edge scientific and technological advancements
to tackle environmental challenges across Europe and beyond. The core objective of El is to
enhance environmental sustainability through policies and management strategies that merge
nature with present or near-future technology.

Since the publication of the first blueprint document, which was the joint effort of five (5)
funded projects under the common umbrella of the H2020-FETPROACT-2018-2020 Call, the
RAMONES project has led and participated in various actions towards identifying key
technological, economic, and societal challenges that must be addressed to define a clear
vision for the future pathways. These challenges fall into five primary categories:

e Hardware

It includes computing, communication, and data collection technologies that generate,
process, and transmit environmental intelligence. It also encompasses the physical
components of the systems used for data collection, such as robotic bodies, sensors,
actuators, and energy sources. A crucial challenge for El is ensuring these technologies
are sustainable by incorporating green solutions, such as biodegradable materials and
alternative energy sources, to minimize ICT’s environmental footprint.

e Software

It pertains to the programming code and algorithms that run on data collection,
processing, and communication infrastructures, forming the backbone of
environmentally intelligent systems. Sustainable solutions with low-power consumption
are central objective in pursuing new software for EI.

e Networks

The domain covers both the human networks of stakeholders, institutions, and
communities, as well as the technological networks for data exchange and processing.

e People, Training, and Engagement

This section involves all those responsible for collecting, analyzing, and interpreting
environmental data, as well as the communities affected by environmental challenges,

WPS5 - Citizen Awareness, Dissemination and Communication
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by using “green” tools, novel instruments, and platforms to include key questions,
evaluate proposed solutions, and implement policies, investments, or regulations.

e Policy
This relates to the legislative and regulatory framework that facilitates actionable
change based on environmental intelligence. It also includes the demand for evidence-
and data-driven policymaking and effective assessments.

The cross-disciplinary nature of Environmental Intelligence lays the framework for a
multidisciplinary approach and integrative methodologies become essential. The main goal is
to shift environmental research from problem identification toward practical, solution-
oriented strategies. This aligns with recent advances in data science and the growing need for
precise, evidence-based insights to support sustainability initiatives.

As part of ongoing efforts to drive innovation in El, the fourth version of the Environmental
Intelligence blueprint incorporates an additional challenge: enhancing the Technology
Readiness Level (TRL) of innovations and identifying emerging market opportunities. This
includes fostering start-ups and leveraging innovation actions to propel the field forward.

WPS5 - Citizen Awareness, Dissemination and Communication
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2. Technical challenges in Environmental Intelligence.
Year 4 FET project developments

In this section, the main topics addressed by the RAMONES project, as member of the El group
have been reviewed from the first, second and third blueprint 2022-2024. Specifically, the
challenges and advances in each topic carried out by the RAMONES project under a
multidisciplinary approach have been updated.

2.1 Key information

The EU H2020 RAMONES project (Radioactivity Monitoring in Ocean Ecosystems) is a
pioneering initiative that brings together scientists and engineers from diverse fields to design,
develop, and deploy cutting-edge technologies and methodologies focused on the marine
environment.

RAMONES leverages marine radioactivity, not only as a subject of inter- and multi-disciplinary
study, but also as an indicator of large-scale underwater phenomena (both natural and
anthropogenic). Our advanced radiation sensing and imaging instruments are integrated into
autonomous underwater gliders, providing real-time signals that enable autonomous decision-
making, self-navigation, and coordinated fleet operations. These capabilities are powered by
innovative Al technologies developed specifically for marine applications -a pioneering case
and a true novelty in this field.

With low-power consumption and high resilience, the RAMONES underwater-operating gliders
are designed to function efficiently in the challenging conditions of the open sea, addressing a
long-standing gap in ocean exploration while promoting environmental sustainability. By
enhancing our understanding of natural hazards and shedding light on the "radioactive ocean"
through Al-driven solutions, RAMONES has already supported the development of risk
forecasting models from very early in its timeline. These insights will help shape policies,
empower communities, and improve societal resilience against both natural and human-made
hazards.

In the fourth year of the project timeline, RAMONES has progressed along the various tasks,
developing, testing, optimizing and deploying instruments in the field. Incorporation of the
CZT-based detectors (y-Sniffers) on the gliders have facilitated the trial of gliders in real
environments. By the end of 2024, the gliders performed surveys in the underwater area of
Kolumbo volcano in the volcanic island of Santorini, while field trials of the various RAMONES
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instruments, which equipped the benthic laboratory, over the deep, extended hydrothermal
vent of Santorini Island in the Aegean Sea have provided validation data sets through stringent
tests of the instruments, the software and the complex operation of the RAMONES fleet.

Data have provided the input to large-scale environmental modelling, dosimetry simulations
to understand the impact of radioactivity in the marine ecosystem and fed an innovative
Forecasting Support System (POIS20N) for all stakeholders.

In addition to the marine field tests, anthropogenic radioactivity assessments were carried out
at the Nuclear Reactor of the Institute of Nuclear & Radiological Sciences & Technology, Energy
& Safety (InRaSTES) of NCSR “Demokritos” in Greece in a coordinated and collaborative effort
to deploy the innovative sensors in anthropogenic, high-dose radiation environments. Several
benthic laboratory instruments -including SUGI, CHERRI, GASPAR, and CZT detectors- were
submerged in a water tank containing contaminated waste components of the core of the
reactor for testing.

2.2 Hardware challenges

Over the final reporting period (M37-M48), but also over the full timeline of the RAMONES
project, the full research team encountered several hardware-related challenges. Below, we
outline some of the most significant issues and the strategies implemented to address them
while ensuring the project's objectives remain intact.

One of the main challenges initially faced was related to equipment shortage and procurement
delays. The global supply chain disruptions caused by COVID-19 led to minor shortages of
certain equipment needed for the project. In specific cases, long delays in procurements
appeared due to existing lengthy bureaucratic procedures. Additionally, custom-built
instruments required meticulous design, contributing to further delays in procurement. Where
possible, alternative or superior equipment—such as microcomputers and processors—was
sourced to replace unavailable components. To obtain optimal settings for the instruments
parallel tasks were initiated early, including detailed simulations to maximize instrument
performance in the marine environment. This proactive approach helped streamline decision-
making for final operational scenarios, accelerating the development and deployment of the
instruments.

The design of the RAMONES Benthic Lab presented several challenges, including balancing
structural strength with weight, ensuring stability during deployment, and maintaining
flexibility in instrument placement. Traditional deep-water deployment methods require high
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ballast mass to minimize drift, increasing dry weight and necessitating heavy-lifting vessels. To
address this, the benthic lab was constructed using lightweight yet durable materials like
carbon fiber, fiberglass, and stainless steel, enhancing strength while reducing overall weight.
Also, syntactic foam was incorporated to optimize buoyancy and stability without excessive
ballast. While the open-frame design limits deployment options to direct placement, it offers
greater flexibility for instrument arrangement, which was prioritized for R&D purposes. The
use of specialized materials and an efficient design allows deployment from small vessels,
reducing both construction and operational costs. The eventual successful field testing with
the benthic lab fully carrying all RAMONES instruments stands a solid proof for the pathway
followed during the final reporting period, as well as the overall project timeline.

2.3 Software challenges

The project has encountered some software-related challenges throughout its timeline.
Several of the major software challenges have been confronted efficiently as they appeared,
adopting an appropriate strategy for each case. In the final reporting period (M37-M48) all
issues have been successfully addressed through dedicated solutions, especially during final
tests and earlier preparations.

One of the major challenges is to have trustful simulations for radiation-sensing and imaging
detectors when trying to simulate realistic conditions of operations. As the environment can
change (e.g. natural hydrothermal vent fields vs. reactor waste repository pools) the trade-off
between accuracy and computational efficiency in the radiation sensors is a core question that
needs to be balanced, if possible, earlier than field deployments. Highly detailed models and
complicated scenarios for the simulations, as the ones needed in the RAMONES project,
require significant processing power. One effective solution to this challenge was utilizing high-
performance servers, which offered sufficient computing power to significantly accelerate the
simulation of complex scenarios.

2.4 Network challenges

RAMONES prototype instruments are designed for in situ, long-term monitoring of marine
radioactivity and imaging in harsh environments. A key challenge has been enabling efficient
communication and coordinated navigation among autonomous underwater gliders, a static
benthic laboratory, and a surface vehicle. To achieve this, RAMONES employs state-of-the-art
USBL models with a low power footprint for data transmission and high-efficiency Al-driven
software for navigation. Significant progress has been made in the final reporting period in
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developing network capabilities, installing critical infrastructure, and optimizing
communication devices to function in deep-sea conditions. Continuous improvements,
informed by lab and field tests, have enhanced system performance and reliability.

2.5 People, training and engagement challenges

The key challenges relating to personnel, training, and engagement during the final year of the
RAMONES project can be outlined as follows:

e Communication Challenges

Expanding awareness of RAMONES' objectives, progress, and vision has been a
priority. Social media platforms (Facebook, Twitter, Instagram, YouTube, LinkedIn) and
the project website have been often updated with news, showcasing advancements
and engaging a broader audience

e Dissemination Challenges

Project partners produced numerous peer-reviewed publications, conference papers,
and reports while actively participating in international, national conferences as well as
to pane discussions to promote the concept of Environmental Intelligence.

e Training Challenges

A key focus has been on providing hands-on training to the next generation of scientists
and engineers across multiple disciplines. RAMONES leveraged synergies with related
projects through partnerships, workshops, summer schools, datathons/hackathons,
masterclasses, and webinars to introduce groundbreaking technologies and
methodologies.

e Environmental Sustainability & Community Building Challenges

Strengthening cross-disciplinary collaboration among experts in radioactivity, marine
robotics, IT, geosciences, and risk management has been essential. In its last year,
RAMONES fostered citizen involvement to raise awareness about critical environmental
issues and promote innovation under the Environmental Intelligence Initiative.

2.6 Policy challenges

The RAMONES project has faced several key policy challenges, including navigating
environmental regulations to ensure minimal impact on marine ecosystems, addressing data
privacy and security concerns related to real-time monitoring, and ensuring the ethical use of
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Al for autonomous decision-making. Additionally, securing sustainable funding and ensuring
transparent communication with the public about potential risks of marine radioactivity will
be critical in maintaining trust and support for the project after its completion. These
challenges require careful coordination across governments, international regulatory and
scientific bodies, and scientific communities, and it is certain that it will continue to develop
stronger beyond the end of the project.
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3. Basic science and technology-facing innovation.
Challenges in Environmental Intelligence

Environmental Intelligence aims to integrate multidisciplinary innovation across various fields
to drive societal benefits. Ideally, this alignment should naturally attract investment from
relevant industries. The primary objective is to maximize the impact of proposed solutions
while facilitating the transition to mid-range Technology Readiness Levels (TRLs) and laying the
groundwork for future industrial and commercial adoption. This section identifies societal
needs within each field, linking them to corresponding technologies and target markets.
Additionally, it highlights the challenges of launching start-ups based on low-TRL technologies,
particularly in emerging markets where demand is still developing.

3.1 Market opportunities

RAMONES has been a low-TRL project focused on pioneering novel technologies and
introducing innovative methodologies across multiple scientific fields. As a consequence,
market opportunities remain weak, but are potentially expected to emerge beyond the project
completion.

However, the highly multidisciplinary nature of the project (encompassing radioactivity,
sensors, imaging devices, autonomous gliders, Al algorithms, microdosimetry, geohazards, and
more) creates a wide range of potential market opportunities across various industries. To fully
leverage these opportunities, strategic planning, in-depth market analysis, and a well-defined
value proposition tailored to the needs and challenges of potential customers are essential. In
addition, thanks to innovation and research-to-market bootcamps, seminars, training sessions
and workshops made available by EIC have been instrumental in laying out a firm plan for the
future of the project towards market reach.

3.2 Dissemination and exploitation

RAMONES members have actively engaged in events and initiatives to maximize the project's
dissemination and outreach impact. SME partners have showcased various RAMONES results
at fairs and international conferences. Leveraging insights gained from interactions with
various stakeholders, several outreach activities—such as datathons, hackathons, workshops,
and a dedicated summer school— took place in the final year of the project. From all the
various challenges in RAMONES work in El, dissemination and exploitation challenges seem to
be the lesser ones, as the consortium efforts have been persistent throughout, promoting the
link between science and technology with various recipients across science and society.
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4. Overall conclusions

Environmental Intelligence seeks to equip nature with advanced technologies for autonomous
monitoring and maintenance. This mission is inherently complex, requiring a multidisciplinary
approach that integrates various fields of research and development, all with a strong focus
on actionable solutions. The RAMONES project as an Environmental intelligence project
funded under the H2020 FET Call shares its challenges across hardware, software, networking,
training, engagement, and policy frameworks. The project has tackled these challenges in a
way that aligns with its specific goals while maintaining a shared commitment to advancing
environmental intelligence for the greater benefit.
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