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Executive Summary
In this report we summarize the methodology and results of the Final RRI Trends selection
produced by PREFET Project as an outcome of WP2: “Massive technology trend analysis”. The
report provides the final list of FET trends supported by a comprehensive summary of the
WP2 methodology, which involves the results of four layers of knowledge. The document
briefly describes the proposed methodology and advantages of the approach suggested by
PREFET to identify and “inform” Pre-Validated Trends, and finally, the list of “Validated”
Trends in the Introduction section. It is followed by the sections of Data Analysis Results
(section 2) and Data Management (section 3), concerning the first two layers of knowledge
management and scouting, namely, AI/data mining and desktop research. Section 4,
Integration of Feedback, concerns the input from the Open Trend Consultation (OTC) and the
Trendington event. In this section (subSection 4.2) we include the feedback from “other
angles” to account for ideas and perspectives from other professionals (architects, designers,
artists, and others), as a direct result of the 1st year Project Review advice. Finally, in Section
5 we provide a concise summary of the RRI assessment for the 45 Pre-Validated Trends and
in Section 6 the Conclusions.
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List of acronyms/abbreviations
Abbreviation

Explanation

AI

Artificial Intelligence

CF

Corporate Foresight

DARPA

Defense Advanced Research Projects Agency (USA)

EC

European Commission

FET

Future and Emerging Technologies (EC Program)

GA

Grant Agreement

IA

Intelligence Augmentation

ML

Machine Learning

NC

Neuromorphic Computing

PV Trend

Pre-Validated Trend

OTC

Open Trend Consultation

A.1. RIL

A.2. Responsible Research and Innovation Intensity Level

RRI

Responsible Research and Innovation

SDG

Sustainable Development Goals

TF

Technology Foresight

UN

United Nations

Table 1: List of acronyms/abbreviations
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1. Introduction and objectives
This deliverable D2.4 ‘Final Report of RRI Technology Trends’ concentrates mainly on
summarising and integrating the outcomes of WP2, of which main processes and
methodology have been detailed in Deliverables D2.1, D2.2 and D2.3. In this report we
present the 45 Pre-Validated trends (from now on, ‘PV trends’), as expected from the Grant
Agreement (GA) description. Moreover, the report provides the comments and conclusions
from the short-listing and enriching process focused on determining the 15 “Validated”
Trends.
PREFET aims to deliver tools and methodologies to detect, identify, inform and pre-validate
science/evidence-based new and emerging trending technologies, providing the RRI context
for their successful implementation, assessing top level potential impact over societies, and
helping researchers improve their project building integral processes of FET-like ideas at early
stages, for good planning and decision making.
These objectives were achieved by developing a methodology platform with specialised
unique tools enabling a systematic identification, and insight generation for new and
emerging technologies beyond the FET portfolio, on the one hand, and for supporting
researchers in their early-stage decision and ideation steps, on the other hand.
Regarding this WP, activities focused mostly on the first part: insight generation for new and
emerging technologies through several layers of knowledge generation and validation.
• Artificial Intelligence (AI): A machine’s ability to ingest, connect and recall information
goes far beyond what is possible for humans, it could be understood as human
cognition augmentation (what is now deemed as Intelligence Augmentation, IA).
o Expert Intelligence: advanced users (actually the creators of these software
tools) were in charge of extracting the most out of the search activities.
• Crowd / Social Intelligence: presented with a comprehensive set of alternatives
(existing hot topics), the crowd helps at providing a “diverse” view of the map
presented (“weight the hot topics”) and represents societal needs and expectations.
o Expert Intelligence: via Open Trend Consultation (OTC).
• Human Scanning (Human Intelligence): a person’s ability to use information to reason,
judge, and strategize far surpasses the capabilities of machines today. Here we want
to add also the creative dimension essential for reaching successful innovation and
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progress. We included (directly from the first project review’s feedback)
unconventional perspectives via interviews with designers, artists and architects.
o Expert Intelligence: via Trendington event.
By combining these abilities inside of what we would call an ‘intelligence augmentation
environment’, we are able to accelerate productivity beyond what is possible with other,
more traditional tools, broaden peripheral vision and substantially increase diversity.
•

Social/crowd intelligence: via OTC

•

Expert Intelligence: via Trendington (and secondarily
also via OTC)

•

AI Intelligence and Human Intelligence: via Data
Mining & Machine Learning in Linknovate.com
scouting software, plus manual Desktop Research

PREFET started implementing an iterative cycle between desktop research and massive data
analysis via data mining of multiple heterogeneous data sources. A list of parameters were
considered for listing “signals of future and emerging technologies”:
-

Appearance of signals on the same topic in different geographic locations
Appearance of signals in different industries
Appearance of signals in different research groups (academic or industrial)
Appearance of signals in research groups (academic or industrial)
Detection of similarities from (more than one) public or private funding to FET

These parameters, as well as the FET definition for a topic, are qualitative, and hence have
not been quantified. In fact, it is important to note that a few exceptional trends have been
included without fulfilling all of these factors to favour the variety in their nature (e.g. weak
signals may have not have time to appear in other countries, groups, industries, etc., but the
topic shows a promise, and this promise may or may not be “validated” by the other
knowledge layers of the project further in the workflow). For example, PV Trend
‘Photoacoustics in Communication’ has very few weak signals, as it is ground-breaking
research done in specific (possibly, to date, only one) groups in MIT. However, it was picked
up by press and specialized journals crossing borders in terms of visibility, echo and citations.
This example of “outlier” does not translate into an issue, as the methodology validates these
PV Trends in subsequent layers of knowledge.
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This way, weak signals were detected and trends were “informed” (insight generation),
resulting into a list of ‘45 PV Trends’. In a second step, they were mapped with UN’s 2030
Sustainable Development Goals to leverage responsible research. In parallel, they were
opened to an online consultation in which more than 2500 researchers in ICT, Health Sciences,
Biotechnology and Environmental Sciences, previously identified thanks to IA, voted and gave
feedback on missing and complementary perspectives. This was enriched with 6 interviews
with artists, architects and designers. Finally, around 25 of them came to the Trendington
Event, a workshop around prioritisation of technology trends with high impact potential. As
an overall result, a final list of ‘Top 20 Future and Emerging Trends’ was released.
The 45 PV Trend list is only the ingredient to a recipe; the Consortium considers this list as the
factor enriching the possibilities and reducing limitations. By adding trends early on in the
selection process, we have only increased the possibilities and synergies of the final list.
In these 4 layers of knowledge, the first layer proposed was the combination of
“manual/human curation of desktop research”, whose importance was highlighted in
previous projects involving technology foresight and trend observatories, with the assistance
(not replacement) of software tools (“AI layer”). Software was used, as mentioned several
times during Project deliverables (see D2.1), as human support for “Intelligence
Augmentation”. The cyclic nature of seeds identification, although complex, worked
effectively to produce potential FET candidate areas. First (manually) detecting promising
fields of ground-breaking diverse research, and later confirming this (geographic and
multidisciplinary) diversity, importance and evidence through data mining, and vice versa.
These (iterative) cycles often went through iteration and incorporation of novel keywords and
concepts, as expected (e.g. neuromorphic computing as a seed, translates into neuromorphic
computing hardware with a list of keywords associated that parametrize well the growth in
references and activity in the field, as explained in detail in D2.1). In fact, the cyclic nature of
human research and curation, plus software assisted trend scouting, is considered key in
retrospective for the discovery of unexpected trend fields, and particularly to the evidencegathering process specific to PREFET. In other words, without data mining software-assisted
processes, this step of the process would have consumed orders of magnitude more
resources for the objectives achieved.
The PREFET crowd intelligence layer was entitled “Open Trend Consultation” and was
envisioned as a method of broadening the expertise available for trend validation,
prioritization and augmentation. Recognising that the most efficient (and lowest carbon
emission) method for engaging larger numbers of experts was via an internet-based approach
we proposed to attempt to develop a novel on line survey system. This system was designed
to take into account the well-known limitations of on-line surveys, namely low response rates,
8
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poor qualitative data, high prevalence of partial responses, and user interface issues due to
mobile device usage. Following a prototyping and exhaustive testing process the OTC was
launched, and gained an unusually high response rate, and over 2500 valid responses.
Recognising the potential benefits of this method for other EC projects we have shared the
performance results with SHERPA and other related projects, forming part of the Exploitation
and Impact activities of PREFET.
This layer was enriched, as mentioned, with feedback from designers, architects and artists,
in order to bring “other perspectives” to this crowd intelligence, so that is not exclusively
expert-based.
Regarding the “expert intelligence”, the Trendington event provided an opportunity to
explore the PV trends and provide further insights, better understanding of embedded
opportunities and challenges (technological as well as legal, ethical and societal). Moreover,
the Trendington event resulted in mapping the synergies and multidisciplinarity of PV trends.
Lastly, during the Open Session initial seeds for specific ideas around the PV trends were built.
It is plausible that a number of limitations may have influenced the results obtained. Firstly,
the promise of PREFET Project concept has not been to produce/propose an “ultimate” list of
45 PV FET Trends, but a list of genuinely breakthrough evidence-based FET trends with high
potential for social impact. Given the nature of the signals and trends PREFET deals with, the
same methodology could lead to a different list by a different team, particularly if detailed
circumstances change or specific tuning-up happens. This is an inherent component of the
cyclic nature we selected for our seed identification stage. The most interesting part is to
make those 45 PV Trends run through the whole project methodology, enriching and
evaluating them with data mining insights, expert opinions and crowd intelligence.
Secondly, there are no quantitative clear parameters and filters to select and filter out FET
candidate areas from what is not a FET candidate arena, especially since we are predicting
them (i.e. today’s niche incipient newborn fields are the red hot emerging fields of the future).
That is to say, there is no systematic or mathematical way we can safely and rigidly take out
certain grey area topics. By convention, we excluded topics that do not match and fulfil, as
emphatically as other topics, the parameters mentioned above. However, this selection
depends on a number of factors, such as how effective the technology scouting search is for
weak signals, how comprehensive the manual research is, and what is the expert assessment
in the topic (e.g. a subtopic which may or may not be considered part of the trend is crucial
to assign those weak signals to it). In other words, it is not only hard to “measure” but to a
great extend it depends on the “accuracy” of the measurement instruments (search tools). In
PREFET we fought these inaccuracies by performing several layers of “measurement”, namely
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the so-called layers of knowledge. Additionally, the selection process was obviously limited to
the available time and resources in the Project.
All things considered, the Consortium proposes 45 PV trends as a good effort to initiate
further discussions around the future developments. A 100 PV trends with equal in-depth
research insights would have probably been a more accurate attempt to identify and evaluate
a more complete set of PV FET trends to roll down the process, albeit a more difficult one to
narrow down. The 45 PV Trends was our initial proposal and it worked well in terms of efforts
required to complement, “hybridize” and “inform” them through PREFET process. The
approach has proven effective at producing an inspiring list of PV Trends, a final list of 20
Validated Trends, and a methodology that is raising interest in the community of funders (e.g.
ERA-NET Chist-era).

2. Data Analysis Outcomes
Massive data analysis techniques were employed for trend identification support as one of
the foreseen layers of intelligence to reach our final (validated) trends selection. This task
consisted primarily in being the source for characterisation of trend candidates by “informing”
them through gathering intelligence and characteristics of each 45 pre-validated trends.
In this task, LINKNOVATE used Linknovate.com as a “discovery engine” which, as foreseen at
the proposal stage, was critical to carry out this task in a semi-automated manner (Intelligence
Augmentation, as described in more detail in D2.1). The aggregation of multiple
heterogeneous data sources proved to be critical in order to quickly explore the type of data
that dominated in the topic of analysis (e.g. academic, R&D-driven topics often have more
potential to be FET candidates, as opposed to more market-oriented, “newsworthy”
developments); the geographical origin of the organisations involved in each reference (or set
of references per topic); the public funding directed towards the niche topic of interest, or
adjacent topics, easily explore by varying the queries introduced in the Linknovate search
engine, and other “signals” (as specified in D2.1). It is important to clarify that FET is a grey
area: no metrics are universally applicable in order to immediately categorise a technology as
FET-material or not. While Linknovate.com acted as a support tool, human intelligence was
needed to inform each trend and provide a good overview and understanding of each
candidate.
The manual scanning tasks by analysts in T2.2, running in parallel with task T2.1, served as an
input for this and proved to be critical for discovering key concepts and applications, as
detailed in D2.2. The manual scanning deepened and expanded the searches performed using
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Linknovate.com (and other sources, such as Google Patents, Youtube, Google News, Google
Scholar, USPTO, EPO, regional associations’ and corporate websites, specialized news outlets,
and others).
The methodology followed in the evaluation of trends via Linknovate.com, as the primary big
data tool (among other supporting commercial databases/search engines), is explained and
exemplified with particular pre-validated trends (PV trend) in D2.1.
Once the Consortium identified the ingredients (candidates) “for a good recipe” of
technological disruption and growth, one of the primary tasks of the AI layer (data mining and
data analysis) was to “inform” these (Pre-Validated) candidate trends. This task involved
identifying relevant researchers and industry professionals working on them -- mainly based
on the scientific research they have published under their name to:
•
•

engage them in project activities to provide feedback in their fields of knowledge and
hence improve the labelling, and evaluation of our Pre-Validated (candidate) trends;
support them in their early-stage decision and ideation steps during IdeAcademy.

The list of 45 PV trends was enriched with the preparation of executive summaries per trend
in the form of 2-slides highlighting main hot topics, players and sub-trends or insights, making
use of graphical visualization as far as possible.

2.1 PV Trends’ Executive Summaries
The “Executive Summary” intends to serve as a 10-minute read document with an overview
of the Trend, therefore the document lists only examples of promising research; it is not an
exhaustive list.
Faces of Research
Each of 45 PV Trends provide a summarised section where only a few of the “Faces of
Research” have been highlighted. Those faces show a diverse nature of research:
▪
▪

Of course, not all relevant researchers are possible to be shown in a “Executive
Summary” type of document.
The first criteria for selecting researchers for this section was their work in the most
relevant niche fields of the PV Trend, as highlighted by Linknovate.com algorithms in
terms of the relevance of their references. The ranking of their reference is a complex
formula taking into account recentness; appearance of keywords connected to the
search (synonyms, roots of the keywords selected, etc) in particular sections of their
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▪
▪
▪

▪

references (i.e. title versus abstract, versus full text when available); impact factor of
the journals where it has been presented; number of references; type of reference
(i.e. grant versus publication, versus patent application), and others.
Researchers have been highlighted prioritizing diversity in terms of geography when
their references show similarly high in the ranking list.
When several researchers belong to the same affiliation of country, other researchers
(new faces, outside of that network) were given priority.
When industry activity was considered relevant (weak signals identified in the data
mining process or desktop research), at least a face from industry professionals was
also given priority in order to promote multidisciplinary and community building,
which are at the heart of H2020 FET Programme.
By no means the Consortium has emphasized this ranking, which only intends to
inspire and provide a face to these complex topics (e.g. it does not represent an
academic ranking).

Figure 1. Faces of Research section inside the PV Trends “Executive Summaries”
downloadable from PREFET website and the 45 PV Trends Periodic Table. An example in the
ICT category: Programmable Matter & Claytronics.
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Figure 2. “Faces of Research” section inside the PV Trends “Executive Summaries”. An
example in the BIO category: Cognitive Augmentation & Intelligence Amplification.

Figure 3. “Faces of Research” section inside the PV Trends “Executive Summaries”. An
example in the Environment & Climate Change category: Metamaterials Cloaking.
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The Trends’ Executive Summaries also include the following sections.
Highlights
This section is important to understand and provide context to the trend, and the different
aspects and subtopics around it. In this section relevant past activity is analysed, for instance
a past project funded in Europe, USA, UK or other countries, a particular line of research
present at a company, institute of technology, or more often, at University groups.
Typically, one would expect that most FET Trends have very little history of past funding or
none at all, although since the project focuses on “science/evidence-based” trends, this could
not be the case (more details in D2.1). This does not preclude the identification of non-funded
areas that have been recently discovered or are newborn scientific or technological arenas
(e.g. Photoacoustics in Communication, Cryonics, and others with little funding, such as Time
Crystals, Chemputing, AI for Alien Life Search).

Figure 4. “Highlights” section inside the PV Trends “Executive Summaries". An example in
the ICT category: Programmable Matter & Claytronics.
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Figure 5. “Highlights” section inside the PV Trends “Executive Summaries”. An example in
the BIO category: Cognitive Augmentation & Intelligence Amplification.

Figure 6. Faces of Research section inside the PV Trends “Executive Summaries”. An
example in the Environment & Climate Change category: Metamaterials Cloaking.
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Futuristic Scenarios.
“Futuristic Scenario” sections were mostly a human desktop research and curation exercise,
involving a dose of creativity and imagination regarding the searches and potential outcomes
for the trend lines of research. We favoured scenarios which were easy to visualize and
engaging for the audience, in all trends. Inspiration and spurring imagination in the PREFET
audience was favoured over more detailed (scientifically detailed) and realistic scenarios.

Figure 7. “Futuristic Scenarios” section inside the PV Trends “Executive Summaries". An
example in the ICT category: Programmable Matter & Claytronics.
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Figure 8. “Futuristic Scenarios” section inside the PV Trends “Executive Summaries”. An
example in the BIO category: Cognitive Augmentation & Intelligence Amplification.

Figure 9. “Futuristic Scenarios” section inside the PV Trends “Executive Summaries”. An
example in the Environment & Climate Change category: Metamaterials Cloaking.
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Insights
Finally, the second slide of each trend shows information gathered from the Linknovate.com
search engine tool, as explained in deliverable D2.1. It does not represent information purely
drawn from the trend topic. Depending on the trend, the Consortium decided to extract
insights from areas and subareas in direct and relevant relation to the trend described to
enrich the content presented and provide further context.
Examples include: the “timeline” (number of references and evolution over time), “active
organisations”, “references by country”, highlights of a particular piece of news, and/or other
insights.
For the trend in BIO “Cognitive Augmentation & Intelligence Amplification” insights such as
active organisations, timeline of references (evolution over time), references by country, and
a public funding graph were the insights presented. Figure 10 provides an example of the
results page of the LINKNOVATEnovate.com software for one of the multiple selected queries
to gather information about this trend using the software -- a complex combination of
keywords that represents the topics relevant to the trend.
https://www.LINKNOVATEnovate.com/search/?query=%22cognitive+augmentation%22,%22intelligence+ampl
ification%22,%22intelligence+augmentation%22,%22cognitive+amplification%22,%22augmented+intelligence
%22,%22augmented+cognition%22,%22amplified+cognition%22,%22amplified+intelligence%22,%22assisted+i
ntelligence%22&doc_type=conf+pub+grant+pat+trad+lkn

Figure 10. Results page from LINKNOVATEnovate.com, for the query were most insights
were extracted for the 2nd slide of the trend “Cognitive Augmentation & Intelligence
Amplification”.
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For example, for the trend in ICT “Programmable Matter & Claytronics” similar insights were
extracted also from the query that represented the broadest spectrum for the trend (note:
the use of the logical boolean operator “OR” inside the search box):
https://www.LINKNOVATEnovate.com/search/?query=claytronics,%22programmable+matter%22

Figure 11. Screenshot of the results page from LINKNOVATEnovate.com, for the query were
most insights were extracted for the 2nd slide of the trend “Programmable Matter &
Claytronics”.
Finally, for the trend in CLIMATE “Metamaterials Cloaking” taken as an example, similar
insights were produced with the additional highlight of a piece of news by researchers at
POSTECH: “Artificial intelligence designs metamaterials used in an invisibility cloak”, about
the design of photonic structures arbitrarily by using deep learning:
https://www.LINKNOVATEnovate.com/search/?query=metamaterials&query=%22invisibility+cloak%22,invisible
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Figure 12. Screenshot of the results page from LINKNOVATEnovate.com, for the query were
most insights were extracted for the 2nd slide of the trend “Metamaterials Cloaking”.

2.2. Main outcomes
The main outcome of the AI layer of the project has been the generation of 45 PV Trends with
their “Executive Summaries” presented in a visual and coherent way. This approach
presented a challenge from the data visualization perspective. Several formats were
considered, including interactive designs. As a result, the periodic table design was favoured:
- to make the design usable even in a static manner. No need to interact to have a global
overview;
- to be able to download the whole set of 45 PV Trends in a PDF format;
- to make individual trends easily discoverable, easy to share and easy to download to a PDF;
- it is aligned with the design of the Horizon 100 trends1 Periodic Table2.

1

Link EC Radical Innovation Poster:
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_
and_data/documents/ec_rtd_radical-innovation_poster_052019.pdf
2
The initial source of inspiration is competitive intelligence company, CBInsights. Periodic Table
market landscapes for startups. https://www.cbinsights.com/research/periodic-table-tech-canada/

20

PREFET - Proactive FET Observatory for early trends,
project building and social responsibility

PREFET Periodic Table of Pre-Validated Trends: https://www.prefet.eu/periodic-table/

Figure 13. Screenshot of the section in Prefet Project’s website where the list of 45 PreValidated Trends is presented in the form of a Periodic Table.
Each “element” in the table represents one of 45 PV trends, and gives access to its executive
summary. The “atomic number” given represents the number of votes received through the
Open Trend Consultation (numbers in the screenshot are not the final ones). This information
will be enriched in the future with the RRI intensity level index (described below) as well as
priority given to the trend during Trendington event.
Below the periodic table, the full list of trends was given to increase text readability,
complemented with bars showing the level of participation in OTC per area (for engaging and
tracking purposes).
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Figure 14. Screenshot of the section in PREFET Project’s website where the 45 PV Trends are
listed and the votes cast is summarized visually.
The final list of 20 Validated Trends is presented in PREFET Project website. Further data
visualization to present this outcome will be considered as part of measures for
Communication and Dissemination activities.
PREFET Final List of 20 Trends: https://www.prefet.eu/trends/
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Figure 15. Screenshot of the section in Prefet Project’s website where the final list of 20
trends is presented.

3. Data Management Summary
Following the project Data Management Plan (D1.3), the consortium will allow for data
exchange and re-use between researchers, institutions, organisations, countries, and others.
Outcomes of the project have been published in the project website. Additionally selected
results will be shared over OpenAIRE repository; for example, results and outcomes from the
OTC process and the RRI assessment process; the RRI assessment table dataset for the 45 PV
Trends and the 45 PV Trends “Executive Summaries”; as well as public documents for other
activities in WP2 and WP3.
Information including personal information came from 2 sources during WP2:
1. List of potential experts participating in the Trendington
The first one was managed with OneDrive (Microsoft), by the project coordinator, RTDI. This
platform was chosen since it has just passed GDPR’s audit run by RTDI to all its systems, with
the support from an specialized expert. It was also compliant to requirements in D1.3. Finaly,
this solution was favoured due to the need for parallel collaboration and quick access from
any device.
The evaluations of trends from Trendington’s participants is also stored in this platform, in
the format of excel sheets.
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2. List of OTC respondents
The second one, data coming from OTC respondents, was handled by DMU.
DMU used a custom host with 256-bit SSL encryption, along with user account rights to ensure
that only specified people can have access. The PREFET website also using file-by-file
monitoring for any changes, including access logs that notify me and the hosts should there
be any access that is untoward. DMU also used the Cloudflare DNS server on the ORBIT server
to ensure that a DDOS is mitigated.
Finally, a Wordpress dashboard was used to manage OTC responses, which is completely
governed by the security measures we have in place. Coupled with user logging, so that I can
see what you access and what you do with that information (download it, print it, etc).
Regarding the monitoring measurements, it is as well covered by the above measures.
Besides, information from expert analysis during the AI (data mining) and Desktop Research
tasks involving personal data (so far only work emails, expert names and affiliations) have
been used and stored temporarily by LINKNOVATE following data security measures in the
DMP.
Each partner has managed a set of own network contacts, following the same principles. The
emails shared in OneDrive were shared among the partners making a fair use of professional
contact emails for project purposes.
Also, as mentioned in D1.3, PREFET considers that email extraction from academic records
(i.e. scientific publications and conference proceedings) following data mining processing at
LINKNOVATE, constitutes fair use of a professional contact email for professional purposes.
The rationale behind the contact is three-fold:
1. Contact about the professional topic related to the expert professional activities (e.g.
“Homomorphic Encryption” experts received the survey because they were identified
to co-author a publication in that space).
2. Contact for professional purposes: to provide feedback for trend identification, in an
activity that supports EC roadmapping and policy-making. The ultimate end goal is
improve and support the research activities these professionals are immersed in.
3. Contact info is provided by the author/co-author of the publication precisely for the
purpose of fostering collaboration like the ones PREFET pursues.
No other personal data has been managed to produce the Final RRI Trends Report.
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4. Trends evaluation from Open Trend
Consultation
The PREFET Open Trend Consultation (OTC) used a novel approach which resulted into an
outstanding level of responces. This approach is fully described in deliverable D2.3, and was
based in the use of a highly-usable online survey and targeted dissemination to relevant
experts within the 3 main areas scouted during the project and the 45 PV trends described.
As a result, and after following a two stage evaluation, the top trends prioritized during OTC
are listed in Table 1.
Table 1: Top trends from OTC.
TOP TRENDS FROM OPEN TREND CONSULTATION
ICT for a connected society
Summary category
Quantum
Technologies
Autonomous
Systems
Neuromorphic
Technologies
Privacy
Enhancing
Technologies
Beyond
5G
Communications
Digitization
of
Chemistry

1

Specific PV trend
New schemes in Quantum Computing: use of
Machine Learning

2

Adaptive Assurance of Autonomous Systems

3

Neuromorphic computing - New Types of Hardware

4

New Approaches to Data Interoperability in IOT

5

Beyond 5G Technologies

3D Printing Molecules
6
Environment, Energy and Climate change
Summary category
Specific PV trend
Energy & Water
Beyond Smart Grids: Advanced Data Analytics & ML
1
Climate Change
Arctic Climate Change
2
Sensorizing
Environmental And
Agro Ecosystems
Ocean Wiring and Sensing
3
Metamaterials
&
High Temperature Superconductivity & Twist
New Materials
Electronics
4
Biotechnology and Health Sciences
Summary trend
Regenerative
and
Personalized
1

Specific PV trend
Regenerative Medicine
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Medicine
Drug Discovery
Human
Augmentation
ICT for health

2

Drug Discovery & Manufacture Using Ai

3
4

Cognitive Augmentation & Intelligence Amplification
Biorobotics / Bionics

This section describes the novel method followed to reach this result from responses
received.

5.1 Open Trend Consultation methodology
Summary top level trends are ranked by the order that each survey respondent selected.
Then, for each summary category (defined to increase usability of the survey, as described in
D2.3) it is considered the respondents’ selection of the specific importance of each PV trend
within that summary category. This was presented to the users in an easy-to-use drag and
drop format; although it is shown in D2.3, we include an example in Figure x in order to make
this text self-explanatory.

Figure 16: Example of summary categories grouping the PV trends in online survey for OTC.
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The survey gave the participants a selection of summary categories to rank in order of
personal importance. Participants were then invited to further rank the specific PV trends
that fell within these summary categories. This allowed the OTC to count results from those
that had an understanding of the specific trends rather than asking participants who might be
unaware of a particular trend to rank something and therefore throw off the numbers.
Users could click on and drag categories and trends and place them in order of personal
importance. Once the OTC closed, completed responses were exported and all trends collated
as to the number of times they were ranked in 1st place, 2nd place, etc. Figure 17 shows an
example.

Figure 17: Example of priority counting from OTC per trend and potential application.
Figure 17 shows how PVtrend ‘Beyond 5G Technologies’ was ranked first by 36 of the 71
participants who chose to rank this trend. Once minimum and maximum number of votes for
each PV trend was counted, the following scaling formula was applied to the dataset:
NewValue = (((OldValue - OldMin) * (NewMax - NewMin)) / (OldMax - OldMin)) + NewMin
This formula allowed us to take the number of times ‘Beyond 5G Technologies’ was ranked
first, and scale it to a number between 1 and 10 when compared to the total number of votes
and the lowest number of votes for this trend. Furthermore, an example of this formula when
dealing with the ‘Beyond 5G Technology’ trend within the ‘Beyond 5G’ summary category
would therefore be:
=(((C2-MIN($C$2:$C$5))*(10-1))/(I2-MIN($C$2:$C$5))+1)
C2 = The number of times ‘Beyond 5G Technologies’ was Ranked #1
$C$2:$C$5 = The range of numbers showing the number of times all PV trends were ranked
first place within the ‘Beyond 5G’ summary category. The MIN function within MS Excel was
used across this range to return the minimum value automatically.
10-1 = The new number we will received, highest value minus lowest value
I2 = The total number of votes within the ‘Beyond 5G’ summary category
This gave us the following results:

Figure 18: Example of final priority for a trend after OTC results’ processing.
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As a result, the ranking of each PV trend was calculated, and in the example being followed
‘Beyond 5G Technologies’ received a scaled number of 5.08 within a range of 1 to 10.
The same formula was applied to every category to normalize the results into the new 1 to
10 scale (with two decimal places), which allowed the results to be ranked consistently
regardless of the number of times a category was selected in order to rank its’ contained PV
trends.

5.2 Open Trend Consultation Results
The results below show most popular trends during OTC.

5.2.1 Summary categories
The following tables show the votes received at the level of summary categories.
▪

▪

▪

ICT Stage 1: Summary categories
Quantum Technologies

1

Autonomous Systems

2

Neuromorphic Technologies

3

Privacy Enhancing Technologies

4

Beyond 5G Communications

5

Digitization of Chemistry

6

Environment Stage 1: Summary categories
Energy & Water

1

Climate Change

2

Sensorizing Environmental And Agro Ecosystems

3

Metamaterials & New Materials

4

BIO Stage 1 : Summary categories
Regenerative and Personalized Medicine

1

Drug Discovery

2

Human Augmentation

3

Tech-driven Biology

4
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5.2.2 PV trends ranking
▪

ICT stage 2: PV Trends Ranking per summary category
Quantum Technologies sub trend ranking
1st
Place
New schemes in QC: use of Machine
Learning
Interface Quantum / Classical
Computing
Extending the limits of Quantum
Computing: Decoherence
Quantum communications / Quantum
Internet
Quantum Simulation

2nd
Place

3rd
Place

4th
Place

5th
Place

Votes Scaled

43

27

26

29

1

126

4.07

33

33

41

18

1

126

3.36

22

42

36

26

0

126

2.57

28
0

22
2

22
1

53
0

1
3

126
126

3.00
1.00

Neuromorphic Technologies sub trend ranking
1st
2nd
3rd
4th
Place Place Place Place
New Types of Hardware
53
36
27
Neuromorphic
Computing
&
Biomimetic AI
46
47
23
Simulation
17
33
63
Privacy Enhancing Technologies sub trend ranking
1st
2nd
3rd
4th
Place Place Place Place
New
Approaches
to
Data
Interoperability in IOT
80
37
0
Anonymous Analytics
36
79
2
Homomorphic Computing
1
1
4

5th
Place

Votes Scaled
116
4.27
116
116

5th
Place

3.64
1.00

Votes Scaled
117
117
117

7.13
3.72
1.00

Digitization of Chemistry

3D Printing Molecules
Chemputing
&
3D
Printing
Reactionware
Programmable Matter & Claytronics

1st
2nd
3rd
4th
Place Place Place Place
21
5
5
5
8

29

18
11

11
15

5th
Place

Votes Scaled
34
5.97
34
34

1.00
1.93
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Beyond 5G

Beyond 5G Technologies
Synchronized Reality - Application
Internet of Skills - Application
Photoacoustics in Communication

1st
2nd
3rd
4th
5th
Place Place Place Place Place
36
14
17
4
15
15
34
7
13
13
11
34
7
29
9
26

Votes Scaled
71
5.08
71
2.13
71
1.84
71
1.00

1st
Place

Votes Scaled

Autonomous Systems

Adaptive Assurance of Autonomous
Systems
Ethically Trustworthy AI

▪

75
63

2nd
Place

3rd
Place

4th
Place

5th
Place

63
75

138
138

2.44
1.00

Environment stage 2: PV Trends Ranking per summary category
Energy & Water Technologies
1st
Place
Beyond Smart Grids: Advanced Data
Analytics & ML
Energy Efficient Water Treatments
Nuclear Fusion Power
Net Zero Buildings
Self Healing Batteries

58
41
24
22
5

2nd
Place
28
71
10
31
10

3rd
Place
32
22
5
66
25

4th
Place
20
9
8
21
82

5th
Place
12
7
93
10
18

Votes Scaled
150
150
150
150
150

4.29
3.23
2.18
2.06
1.00

Climate Change Technologies

Arctic Climate Change
Ocean And Marine Preservation
Algae Against Climate Change

1st
2nd
3rd
4th
Place Place Place Place
50
32
18
34
37
29
16
31
53

5th
Place

Votes Scaled
100
4.64
100
2.93
100
1.00

Sensorizing Ecosystems

Ocean Wiring and Sensing
Biodegradable Sensors for Precision
Farming
Zero Power Sensors

1st
2nd
3rd
4th
5th
Place Place Place Place Place
24
23
19
0
20
15
30

25
17

13
26

0
0

Votes Scaled
66
3.59
66
66

2.98
2.22
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Sensors For Bioenergy And Agriculture

7

1

0

0

66

1.00

Metamaterials
1st
Place
High Temperature Superconductivity
& Twist Electronics
4D Printing
Time Crystals
Metamaterials : Cloaking

▪

32
16
6
2

2nd
Place
11
6
9
30

3rd
Place
10
5
24
17

4th
Place

5th
Place

3
21
17
7

Votes Scaled
56
56
56
56

6.00
3.33
1.67
1.00

BIO stage 2: PV Trends Ranking per summary category
Human Augmentation Technologies
1st
Place
Cognitive Augmentation & Intelligence
Amplification
Microbiome for Enhanced Human
Health
Cellular Senescence & Life Extension
Cryonics

2nd
Place

3rd
Place

4th
Place

5th
Place

Votes Scaled

44

15

23

1

83

5.77

21
18
0

21
43
4

40
17
3

1
5
62

83
83
83

3.28
2.95
1.00

Regenerative and Personalised Medicine Technologies
1st
2nd
3rd
4th
5th
Place Place Place Place Place Votes Scaled
Regenerative Medicine
90
42
21
13
7
173
5.58
Immunotherapy and Genomics for
Cancer Personalized Treatment and
Prevention
55
51
56
9
2
173
3.72
Cellular Neuroscience and Cellular
Signaling
14
20
40
21
63
173
1.53
Non-opioid Pain Management
10
49
35
47
32
173
1.32
Virotherapy
4
11
21
68
54
173
1.00
Drug Discovery Trends
1st
Place
Drug Discovery & Manufacture Using
Ai
Antibiotic Resistant Super Bacteria

83
50
31

2nd
Place
50
83

3rd
Place

4th
Place

5th
Place

Votes Scaled
133
133

4.58
1.00
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BIO ICT for Health

Biorobotics / Bionics
Bioinformatics and AI In Genetics
Bioimaging
AI for Alien Life Search

1st
2nd
3rd
4th
5th
Place Place Place Place Place
49
28
35
1
40
53
18
2
24
26
15
29
0
6
29
62

Votes Scaled
113
4.90
113
4.19
113
2.91
113
1.00

5. Integration of Feedback
In this section we present a most relevant result from the project, which is the final list of top
trends from the 45 pre-validated ones, after the organisation of the Trendington event in
Madrid in November 2019, and considering the extensive feedback gathered through the
Open Trend Consultation (OTC). Not only the final list of trends is presented, but also detailed
explanations are given on how decision-making mechanisms were implemented to integrate
feedback coming from these 2 different sources.
These explanations are then complemented with the feedback gathered from artists,
architects and designers, via 2 initiatives: personal interviews to some of them, and their
engagement during the Trendington event. Their feedback has been processed in this section
in order to leverage added value from their responses, structuring messages and conclusions
so that they could be considered during PREFET assessment processes and, above all, so they
can be used in the future for enhancing creativity of all stakeholders involved in FET
(researchers, trainers, policy-makers, etc.).

5.1 Integration of Feedback from OTC and Trendington
In relation to the integration of feedback from the OTC and Trendington towards the
preparation of the final list of top PREFET trends, the following tables (Table 2, 3 and 4)
summarise and compare the priorities detected from both sources. Coincidences are
highlighted in green, also in order to easily see the differences, which remain in white. We
have also highlighted in green when the level of focus is close enough, although there might
be differences in the specific focus, resulting from the fact that some trends titles were
adjusted during real time interaction with experts during the Trendington (e.g.:
Neuromorphic Computing and Biomimetic AI vs Neuromorphic computing - New Types of
Hardware).
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Table 2: Top trends in ICT for an interconnected society
Top trends selected by experts during Trendington through quantitative evaluation described in Deliverable D3.3)
Ethically
Trustworthy AI

TREND
NAME

Neuromorphic
Computing and
Biomimetic AI

Limits of
Quantum
Computing:
Decoherence

Anonymous
Analytics

Beyond 5G
Hardware

New Approaches to Data
Interoperability in IOT

Top trends identified from OTC through described quantification process (see Section 4)

TREND
NAME

Neuromorphic
computing New Types of
Hardware

3D Printing
Molecules

New schemes
in Quantum
Computing:
use of
Machine
Learning

Adaptive
Assurance of
Autonomous
Systems

Beyond 5G
Technologies

New Approaches to Data
Interoperability in IOT

Table 3: Top trends in Biotechnology & Health Sciences
Top trends selected by experts during Trendington through quantitative evaluation describedin Deliverable D3.3)
Regenerative
Medicine

TREND
NAME

Drug Discovery &
Manufacture Using
AI

Bioinformatics & AI
in Genetics

Bio Robotics/Bionics

Cellular Senescence
& Life Extension

Top trends identified from OTC through described quantification process (see Section 4)
TREND
NAME

Regenerative
Medicine

Drug Discovery &
Manufacture Using
AI

Cognitive
Augmentation &
Intelligence
Amplification

Biorobotics / Bionics

-

Table 4: Top trends in Environment, Energy & Climate Change
Top trends selected by experts during Trendington through quantitative evaluation described in Deliverable D3.3)
Algae Against
Climate Change

TREND
NAME

Energy Efficient
Water Treatments

Self Healing
Batteries

Net Zero Buildings

Zero Power Sensors

Top trends identified from OTC through described quantification process (see Section 4)
TREND
NAME

Beyond Smart Grids:
Advanced Data
Analytics & ML

Artic Climate Change

High Temperature
Superconductivity &
Twist Electronics

Ocean Wiring and
Sensing

It can be observed it is in this third area, Environment, Energy & Climate Change, where
feedback from the OTC and Trendington differed significantly. These discrepancies made the
effort to integrate the results a real challenge. In the following sections we described the final
decision-making and results.
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How trends were integrated in ICT for an interconnected society:
The final outcome is presented in Table 5:
Table 5: Final list of top trends in ICT for an interconnected society

3D Printing
Molecules

Adaptive
Assurance of
Autonomous
Systems

Neuromorphic
Computing (new
types of
hardware) and
Biomimetic AI

Limits of Quantum
Computing:
Decoherence and
use of Machine
Learning

Ethically
Trustworthy
AI &
Anonymous
Analytics

New Approaches
Beyond 5G
to Data
Hardware Interoperability in
IOT

In order to get to this result, the coincident trends (marked in green in Table 1), were selected.
Whenever there were differences in the specific scope of the trend chosen from the OTC or
during Trendington, trends were clustered under the most inclusive titles. This was needed in
the following cases:
•
•

Trend initially titled “Neuromorphic Computing & Biomimetic AI” evolved into
“Neuromorphic Computing (new types of hardware) and Biomimetic AI”.
In relation to trend “Beyond 5G hardware”, it was decided to keep the adjustment in
the title suggested by experts during the Trendington, as it was a valuable feedback.
For this reason, this trend evolved from “Beyond 5G” evolved into “Beyond 5G
hardware”.

Additionally, it was decided to merge:
•

•

Two trends “New schemes in QC: use of Machine Learning” and “Extending the limits
of Quantum Computing: Decoherence” were merged into “Limits of Quantum
Computing: Decoherence and use of Machine Learning”. It added into a wider trend
both focusses, this way allowing for increased flexibility in the future definition of
projects.
“Ethically Trustworthy AI & Anonymous Analytics” into a wider trend. In this way, we
created greater potential for creativity, on the one hand, and allowed us not to lose
any of these perspectives by choosing one or another to allocate also feedback from
OTC, on the other hand.

Regarding the “3D printing molecules” trend, it was a trend prioritised in the OTC, which was
a positive outcome from Consortium’s perspective, as the team was concerned that
Trendington results seemed to lose the longest-term/highest-risk trends. Therefore, in order
to prioritise the top trends from both the OTC and Trendington, but at the same time include
nuances, we finally selected top seven final trends instead of five, as initially planned.
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Additionally, this trend initially titled “Chemputing and 3D Printing Reactionware ” evolved
into “3D printing molecules”, although the scope of the trend remained the same.
▪

How trends were integrated in Biotechnology & Health Sciences:
The final outcome is presented in Table 6.
Table 6: Final list of top trends in Biotechnology & Health Sciences

Cognitive Augmentation &
Intelligence Amplification

Regenerative
Medicine

Drug Discovery &
Manufacture
Using AI

Bioinformatics
& AI in ‘Omics’

Cellular Senescence
& Life Extension

Bio
Robotics/Bionics

In this case, the results of the Trendington evaluation and the OTC were integrated directly
and resulted in a final list of six trends (instead of five, as initially planned).
Additionally, trend initially titled “Bioinformativs & AI in Genetics”
evolved into “Bioinformatics & AI in ‘Omics’”, given the fact that it was
a strong recommendation from experts during Trendington. ‘Omics’ is
a term that refers to any field of study in biology ending in -omics, such
as genomics, proteomics or metabolomics, and comprises novel,
comprehensive approaches for analysis of complete genetic or molecular profiles of humans
and other organisms.
▪

How trends were integrated in Environment, Energy & Climate change:
The final outcome is presented in Table 7.
Table 7: Final list of top trends in Environment, Energy & Climate Change

Energy
High Temperature
Efficient
Algae Against
Superconductivity
Water
Climate Change
& Twist Electronics
Treatments

Self
Healing
Batteries

Net Zero
concepts and
Beyond Smart
Grids

Arctic Climate
Change

Zero-Power
Sensors & Ocean
Wiring and
Sensing

The selection of top trends in this area was the most challenging, comparing to other areas,
because of significant discrepancies between feedback from experts during the Trendington
event and the OTC. To propose a coherent list of top trends in Environment, Energy & Climate
Change, the following decisions were taken:
-

Integrating two trends, namely “Zero-Power sensors” and “Ocean Wiring and
Sensing”, into one trend called “Zero-Power Sensors & Ocean Wiring and Sensing”.
This approach allowed for greater creativity in terms of designing project ideas related
to the trend. Additionally, this adaptation was supported by strong feedback from
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-

-

-

-

▪

experts during Trendington and the OTC, stressing that these two trends are closely
inter-related, and that ocean sensing is dependent upon zero-power sensors (and
beyond; e.g. biodegradabe sensors without central -vulnerable- infrastructures).
Extending the trend “Net Zero buildings” to “Net Zero concepts” to stress the fact that
it is not only buildings, but systems in general (even individuals, as it is described in
the following section). This change was supported by feedback from the experts
participating into the Trendington and the OTC, as well as during surveys to other
stakeholders (See Annex 1 for more details).
Merging the trend “Net Zero buildings” with “Beyond Smart Grids - Advanced Data
Analytics & ML” into a final title “Net Zero concepts & Beyond Smart Grids”. Although
this decision in backed up by the feedback received from experts during the
Trendington and the OTC, in the trend description different limits per side of the area
are taken into consideration in order not to lose potential and scope.
It is interesting to observe that while the Trendington experts did not include “High
Temperature Superconductivity & Twist Electronics” in the top trends, the OTC
emphasised the disruptiveness of this trend, and therefore this trend was included in
the final list of top trends.
We believe it is important to note that “Algae Against Climate Change” was included
in the top 20 trends, since it was perceived as particularly inspirational by the nontechnological experts consulted during the OTC and the Trendington event.

Additional conclusions from feedback from Trendington and the OTC
Having in mind future dissemination and communication activities, we decided to select Top
20 PREFET Trends, making it more appealing for the external audience.
We also explored potential synergies between trends, vertically (within each area: ICT,
BioTechnology & Health Sciences, and Environment, Energy & Climate Change) as well as
horizontally (across areas). Based on a mapping of synergies identified by Trendington and
OTC experts tables 8 and 9 present the detected clusters of relationships.
Table 8: Clusters of synergies detected during the Trendington an OTC across areas focusing
into Top 20 PREFET Trends

- Algae Against
Climate Change
- Biomimetic AI

- Bioinformatics
& AI in Genetics
- Anonymous
Analytics
- Ethically
Trustworthy AI

- Net Zero
Buildings

- Self Healing
Batteries
- Bio Robotics/
Bionics
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- Zero Power
Sensors
- Neuromorphic
Computing

- Zero Power
Sensors
- Bio Robotics/
Bionics
- Regenerative
Medicine
- Biomimetic AI

- Cellular
Senescence & Life
Extension
- Ethically
Trustworthy AI on
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- Self Healing
Batteries
- Beyond 5G
Hardware

- Drug Discovery &
Manufacture Using
AI
- Neuromorphic
Computing

Table 9: Clusters of synergies detected during the Trendington and the OTC across areas at
the level of all 45 pre-validated trends
Regenerative
medicine
Energy Efficient
Water
Treatments
Chemputing and
3d
Printing
Reactionware

4D Printing
Programmable
Matter
&
Claytronics
Time crystals
Cellular
Senescence
&
Life Extension

Drug Discovery &
Manufacture
Using AI
Non-opioid Pain
Management
Antibiotic
Resistant Super
Bacteria
Chemputing and
3D
Printing
Reactionware
Beyond
Hardware

5G

Neuromorphic
Computing
and
Biomimetic AI
Bioinformatics &
AI in Genetics
Time Crystals
Homomorphic
computing
Anonymous
Analytics
4D printing

Cognitive
Bio
Robotics/
augmentation and
Bionics
intelligence
Adaptive
amplification
Assurance
of
Photoacoustics in
Autonomous
communications
Systems
Ocean wiring and
4D printing
sensing
Limits of Quantum
Computing:
Decoherence

There was also a tendency to merge zero-power sensors with biodegradable sensors, and
from the open consultation, the requirement of sensors to be wireless was included.
Moreover, the idea for quantum sensors was raised, in relation to hardware beyond 5G, and
photoacoustics in communications.
Considering these synergies and feedback, “multidisciplinary ideation play-grounds” have
been defined resulting from merging top trends into transdisciplinary arenas where to
experiment during IdeAcademy activities devoted to increase creativity while building highpotential ideas for long-term R&I projects. Three examples of resulting “play-grounds” are
being considered for this purpose:
-

Algae, biomimetics, claytronics and 4D printing towards new urban, energy and water
paradigms;
Photoacoustics in communications, neuromorphic computing and "holistic sensors"
for ocean wiring;
Healthy aging through AI, cellular senescense, 3D printing molecules and beyond 5G
hardware.

A series of creativity experiments are being outlined to promote co-creation processes to
define ideas for disruptive forward thinking and long-term projects within these arenas.
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5.2 Integration of feedback from other angles
As a result of the 1st project review and in line with our DoA, it was decided to consult also
non-technological experts around the 45 pre-validated trends. For the purposes of this
investigation, we developed a brief interactive survey instead of using the OTC survey
(although of course, this was open to all experts, designers, architects and other subject
matter profiles). This decision was dictated by a specific character of the interviewees, such
as artists, architects and designers. The survey was conducted in the form of semi-structured
interviews with stakeholders potentially supported by an online questionnaire including three
open questions:
1. What do these titles inspire you?
2. What do you think you could do within these areas?
3. How do you imagine a future around them?
The interviews were conducted in person and lasted between 30-45 minutes, and the
stakeholders were provided with the information on the 45 pre-validated trends and
informed consent information in advance. The declarations of compliance were received
orally or in writing. Taking into consideration a high number of pre-validated trends and a
limited time of the interviews, each interviewee was asked about selected 10 trends. In total
six interviews were conducted covering all 45 pre-validated trends. The online questionnaire
supported the compilation of results (implemented in the EU Survey). This approach allowed
the interviewers to explain any potential questions related to the technological aspects of the
trends and getting more value from an open discussion, as the Consortium members saw
from the first conversations with these less technically oriented professionals.
This activity was complemented by inviting some of these stakeholders to also take part
during the Trendington event, so that they could interact with technological experts, enrich
discussions towards greater creativity, and bring social-concerns related to a strong RRI
management of all trends.
We believe that this process has been positive for the stakeholders themselves as well as the
project. From the interviewees’ side, they showed enthusiasm about contributing, and in
many cases they were confident they could bring a unique added-value. They also found the
titles and ideas behind the trends very inspirational for their creativity.
From PREFET side, they offered inspirational grounds not to change the nature of the
selected trends themselves, since the are rooted in deep science and technology, but to
make the trends “even more FET” in the sense that they helped expanding the target
horizons some trends could create. We are confident that the input from the artists and
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designers enriched the trend analysis and broadened our understanding and potential of the
trends. Additionally, it was a good way to take social pulse around FET, and most shared
common views about this. For this reason, this section is divided in two parts: main comments
from artists/designers/architects related to social perceptions around FET (we put this first
because they are shared amongst all participant stakeholders for almost all trends), and
expanded horizons.
▪

Main comments from artists/designers/architects related to social perceptions around FET
Several concerns were raised in all participant stakeholders around the trends proposed. They
should be considered as horizontal aspects impacting the definition of trends, future FET
programmes and projects:
CONCERN
FEAR

Miss-trust, mainly
about privacy and
individual
freedom

Engagement

▪

COMMENTS
“Aren´t we going to mess it up again?”
“Aren´t we going to create even greater
problems?” “Ocean wiring, will change
the ocean we know, enjoy and love
today?” “Even more trash?” “Will we
create new health problems?” “Only the
rich can benefit from this”.…
“We create ourselves artificial needs hard
to sustain”, “Probably will not believe

in any of these tech trends of
Anonymous Analytics”…

“Social trust is key”, “Would it change
morality?” “If the world is this way, would
we value human life the same?”
“Communication so that the whole
population pushes these trends (and
prevent them converting into barriers)”
“Goal of theatre is to take the pulse of
society at any given point in time (history).
Opera and theatre: would be a less
aggressive, more ethical way of learn
about trends and public tastes of the
moment.”

CONCLUSIONS
Technology also needs to develop
effective barriers against bad use /
prevent possible (irreversible) errors in
complex systems, as well as assure
democratic
affordability
of
new
developments.
It is needed to enforce privacy as inherent
part of new technologies (privacy as a
commodity). Advances in auditing
systems are missed (e.g. Crowd auditing –
“imagine anyone can audit a piece of a
Google database, instead of being
company-centric?”, was commented
during the interviews).
Continuous creativity for effective
solutions to care about complex systems
(E.g. Oceans) and engage citizenship.

Expanded horizons
Towards the organisation of IdeAcademy, we intend to use these ideas in order to organise a
set of creativity contests/sessions towards FET project seeds and, at the same time, as a
mechanism to enrich the definition of trends. The idea is that each session/contest increases
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the level of creativity challenge, and towards this purpose the ideas identified during the
interviews to non-technological stakeholders are classified into:
▪
▪
▪

Ideas 0.0: preliminary concept already outlined thanks to INNOWIZARD Platform;
Open challenges: from where Ideas 0.0 could emerge, and
Crazy ideas: who knows what they could bring to the topic?

The following table presents a compilation of these ideas collected from the interviews with
the artists/architects/designers, as well as their feedback provided during the Trendington
(where these stakeholders were present, although in this case ideas arose from the
interaction amongst all Trendington’s participants, not just them).
Ideas 0.0
If the Arctic affects us so much and we
affect it a lot, how do we
sensor/measure/interLINKNOVATE this
(from the tundra to my cell phone), and
how do we communicate it so citizens
can do something? And perspective over
the ecosystem should not be only
human-centered.
User apps supporting citizens also in
taking advantage of data from hypersensoring (e.g. water consumption)
Cognitive Augmentation and Intelligence
Amplification as . idea mind booster,
impacting creativity by visualising a
thinking process around us? The main
question here is: how to connect the
thinking process with visualisation of this
process. It would be interesting to steer
visual part of augmentation.
Tech for simulating research and
avoiding the need for trials with animals.

Privacy as a commodity to exchange
things, trade with it.
Algaes in cities for increasing protein
resources and other nutrients (for
people and animals), decrease
deforestation, be used as biofuel and as
a new material.

Open Challenges
Hyper-sensoring along grids

Crazy ideas
Making it rain

New paradigms for domestic
water treatment/management
(new buildings)
Sensoring water-in-soil

Could we alter Earth's
magnetism to control climate?
How will it impact ecosystems?
Beyond smart grids: fractal
structures; Internet of
electricity.

Algaes against climate change:
could also create new urban
visuals? Better mix natureinnovation in daily human
ecosystems (and their positive
impact over health – E.g. Pain).
Tech-buildings vs naturelooking building.
Working with cognition to
manage pain.

Microbiome could inspire tech
design like a system, helping to
solve problems differently.

Organoids and technology for
Theranostics
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Injection of cells; something like
implant for contraceptives but
for cancer.
Geoengineering to reflect the
sun to keep the earth cooler
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Society would also have to think about
how to share the benefits of these
crops. Finally, Algae may eat the
garbage.
Recyclable frugal smart materials

Time crystals could provide a way for
fast memory switching at the quantum
level.
Actionable biomaterials for limbs and
organs

▪

Mining fresh water

Beyond genetics

Small modular fusion reactors

If we take into consideration
clothes as “personal buildings”,
that regulate our temperature
and
create
our
own
environment, we won’t be
needing efficient buildings, only
efficient clothes that would
adapt to any weather and
climate conditions.
Study these crystals like dna or
genes, as they repeat their
structure too.
Computational psychiatry

Other comments from these stakeholders
There is a personal opinion that the project could be missing some of the greatest global
challenges, in particular: demography (not really aging in rich countries, but birth and
youngsters in poor or underdeveloped countries), and lack of resources for fast growing
countries. Under this perspective, in example “’Antibiotics for superbacteria’ would not be
the solution; instead, we should look further and face the problem at different levels” (literal
comment). We compile this opinion here not to loose it, even though it was individual, on the
one hand, and it is open feedback which cannot be directly processed with other
methodology, on the other hand.

6. RRI Assessment
This section provides analysis on the alignment of 45 FET trends selected by PREFET with
sustainable development goals (SDGs) and the legacy of Responsible Research and Innovation
(RRI).
Trends identified by PREFET respond to the call for “radically new lines of technology through
unexplored collaborations between advanced multidisciplinary science and cutting-edge
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engineering.”3 At the same time, PREFET recognises that these trends should benefit society
and match the ideas with real societal needs. The United Nations captured these societal
needs and grand challenges under the Sustainable Development Goals (SDGs) as the universal
goals, targets and indicators that UN member states are expected to use to frame their
agendas and political policies over the next 12 years. SDGs present a consolidated global view
of what challenges are the highest priority. Scientific progress and technological innovation
should serve as enablers for SDGs fulfilment. At the same time SDGs serve as an indication for
prioritisation of development of future and emerging technologies (FET). Therefore, new
technologies, research and innovation should be ethically acceptable and socially desirable4.
This approach is known as the concept of Responsible Research and Innovation (RRI).
According to René von Schomberg, RRI is defined as “a transparent, interactive process by
which societal actors and innovators become mutually responsive to each other with a view
to the (ethical) acceptability, sustainability and societal desirability of the innovation process
and its marketable products (in order to allow a proper embedding of scientific and
technological advances in our society)”5. In the official European Union policy interpretation
of RRI6, RRI is described through six dimensions or “pillars”, i.e. RRI is research and innovation
that:
1. incorporates citizen engagement and participation of societal actors in research;
2. incorporates ethical principles so as to ensure the compatibility of research and
innovation processes with fundamental values;
3. promotes science literacy and science education;
4. promotes gender equality;
5. promotes open access to scientific knowledge; and
6. is guided by transparent, accountable, and coherent multi-stakeholder governance7.

3

European
Commission,
Future
and
Emerging
Technologies,
https://ec.europa.eu/programmes/horizon2020/en/h2020-section/future-and-emergingtechnologies
4 Von Schomberg, Rene (2013). "A vision of responsible innovation". In: R. Owen, M. Heintz
and J Bessant (eds.) Responsible Innovation. London: John Wiley.
5 Ibid.
6 European Commission. Responsible Research and Innovation: Europe’s Ability to Respond
to Societal Challenges; Publications Office of the European Union: Luxembourg, 2012.
7 Ibid.
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PREFET applies the concepts of SDGs and RRI in order to analyse FET trends in terms of their
anticipated high potential impact (both positive and negative) serving as a benchmark for
identifying gaps, where further FET seeding activities may be encouraged. Moreover, FET
trends were map against RRI implications, such as whether and why RRI should be carried and
the concepts of how and how much RRI should be undertaken, indicating how much RRI is
both necessary and sufficient. This assessment is a crucial precursor to the actual carrying out
of RRI activities, which cannot be undertaken without reference to the context and
development of a particular project.

6.1 Method
The method for RRI-Technology Trends analysis is explained in deliverable D2.2 Manual
Scanning report, where we introduce a novel method being termed Responsible Research and
Innovation Intensity Level, or RIL. It is a method of evaluating a project and then selecting
what type and how much RRI activity is feasible, appropriate and effective. Therefore, this
report focuses on how the analysis was conducted and the results of this analysis.
The RRI trends analysis was carried out as a two line research:
1. A preliminary RRI analysis – Analysis conducted by the PREFET researchers using
desktop research, scanning relevant current and historical academic studies, science
and technology (S&T) policy and impact documents, related horizon scanning reports,
RRI observatories, initiatives examining current and future societal impacts of
emerging technologies;
2. RRI peer review - Analysis conducted by FET stakeholders during the Trendington
event (including those with a combined knowledge of FET and RRI aspects such as
ethics, gender specialists, related RRI and ethics projects). The stakeholders involved
experts in RRI, ICT, health and life sciences, energy, environment and climate topics,
policy makers, artists and designers and focused on SDGs mapping, identifying usecases, opportunities, challenges and risks related to FET trends.
As the final step, the results of the preliminary analysis and RRI peer review were combined
by the PREFET researchers.
The engagement of the external stakeholders provided a deeper understanding of
technologies, specific examples of use cases and a broader perspective on SDG mapping,
including higher risks and opportunities. The experts had an opportunity to indicate affected
SDGs as well as other potential impacts, which may not have been captured by SDGs.
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FET trends were assessed taking into consideration the following criteria:
•
•
•
•
•
•
•
•
•
•

Use-case (application)
SDGs
SDGs indicators (examples of SDG Indicator impacted)8
Can the SDG impact be quantified? And if so on how many SDGs?
How SDG impact is quantified?
What is the technology readiness level (TRL)?
What is the RRI Intensity level based upon the SDG Impact?
Is this technology especially risky on non SDG factors?
Why is this technology thought to be especially risky?
What is the actual RRI intensity level (RIL) required based upon all factors?

The next section presents results of this analysis.

6.2 Results
The results of the RRI-Technology Trends analysis are provided in the following tables:
1. Table 10 provides results of the analysis of 15 ICT trends;
2. Table 11 focuses on the 15 trends from Health and Life sciences (BIO);
3. Table 12 is devoted to 15 trends related to Energy, Environment and Climate change.

8

Note: Due to limitations of this report, a full list of 169 targets SDG Indicators is available
online at the official UN website: https://unstats.un.org/sdgs/indicators/indicators-list/
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TABLE 10: ICT TRENDS
Choose 3 examples of SDG
indicator

ICT
Trends

Use case
summary

What is
the RRI
Can the SDG
What is intensit
impact be How SDG What is the
the
y level
SDGs
SDG
SDG quantified?
impact
technology innovatio based
impac
SDG
indicator indicat And if so on quantified readiness
n
upon
ted indicator 1
2
or 3
how many
?
level
potential the
impacted impacte impact
SDGs ?
?
SDG
d
ed
impact
?

Enhanced
New schemes
machine learning
in Quantum
offers ability to
Computing:
gain insights to 7,8,9
Use of
complex
Machine
problems in
Learning
every sector
Improved
education
Extending the
through
Limits of
optimised
4,7,8,9
Quantum
learning. Industry ,13
Computing:
and energy
Decoherence
systems
optimised
Interface
Quantum /
Classical
Computing

Better and more
efficient
processes

9,11

7.b

8.4

4.7

7.b

9.5

11.3

45

9.5

9.5

NA

NO

NO

NO

NA

NA

NA

TRL2

TRL4

TRL4

IP3

IP3

IP3

RIL2

RIL3

RIL3

Is this
technolo
gy
especially
risky on
non SDG
factors?

What is
the
actual
RRI
Why is this
intensit
technology
y level
thought to be
require
especially
d based
risky ?
upon
all
factors
?

NO

NA

RIL2

YES

Experts: key
enabler of
many
quantum
computing
and quantum
communicatio
ns scenarios

RIL5

YES

Experts: key
enabler of
quantum
decryption
scenario

RIL5
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Neuromorphic
Computing and
Biomimetic
Artificial
Intelligence

monitor and
protect marine
life, devices to
intervene to
control
populations

14,15

14.1

15.3

NA

NO

NA

TRL2

IP3

RIL2

NO

NA

RIL2

New
Access to health
Approaches to
data, increased 3,6,7,9
Data
efficiency of IOT ,11,13
Interoperability
data
in IOT

6.4

7.b

11.6

NO

NA

TRL2

IP3

RIL2

NO

NA

RIl2

RIL5

DoT
researcher
s estimate
Quantifiable
could
impact on
reduce
3.6.1
traffic
fatalities
by up to
94 percent

safer
autonomous
driving reduces 3,8,9,1
road deaths,
1
better industrial
efficiency

3.6.1

8.2

9.5

smaller undersea
Photoacoustics
robots, long
in
range undersea
10, 14
Communicatio
comms for
n
measuring
environment

14.a

10.3

NA

NO

Customised
proteomics, any
Chemputing
chemical
and 3d Printing
available to
Reactionware
anyone
anywhere

3.3.5

3.2.1

3.4.1

NO

Adaptive
Assurance of
Autonomous
Systems

3,10

46

TRL4

IP3

RIL4

YES

Experts:
Substantial
impact on non
automative
applications
and potential
for dual use

NA

TRL2

IP3

RIL2

NO

NA

RIL2

NA

TRL6

IP3

RIL4

YES

Potential for
dual use

RIL5

PREFET - Proactive FET Observatory for early trends, project building and social responsibility

Gender fair
selection
algorithms,
diagnostic
3,6,5,1
support systems,
0,12,1
better society,
Ethically
6,17
trustworthy
Trustworthy AI
applications, bias
in AI to reduce
inequality

Reduce data
misuse, ability to
share data
anonymously 3,5,9,1
Homomorphic
offers potential 0,13,1
Computing
for bigger data
7
set, and better
solutions to
many problems

Anonymous
Analytics

Sustainable
transport,
financial
transaction
safety, urban
planning

3.8

16.4

3.8

5.b

10.3
Ensure
5,7,10,
equal
11
opportunit
y and
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11.2

5.1.1

17.6

5.b

NO

NO

NO

NA

NA

NA

TRL2

TRL4

TRL4

IP3

IP3

IP3

RIL2

RIL3

RIL3

YES

AI has the
potential to
impact every
part of our
lives and its
trustworthine
ss is
considered by
some to pose
an existential
threat to
humanity

RIL5

YES

Experts:
Concerned
about over
reliance on
this
technology for
privacy alone,
should it
prove to be
problematic in
future

RIL5

YES

Experts:
Concerned
about over
reliance on
this
technology for
privacy alone,
should it
prove to be
problematic in
future

RIL5
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Secure
Quantum
communications
Communicatio
improve access
ns: Quantum
to education and
Internet
reduce inequality

4,10

4.a

10.b

NA

NO

NA

TRL4

IP3

RIL3

YES

Experts:
Concerned
about over
reliance on
quantum
internet
should it
prove to be
problematic in
future

gain advantages
of quantum
computing
earlier

7,8,9

7.b

8.4

9.4

NO

NA

TRL2

IP3

RIL2

NO

NA

RIL2

9.4

12.4

6.3

NO

NA

TRL2

IP3

RIL2

NO

NA

RIL2

YES

B5G may raise
similar issues as
5G and so
concerns over
human health
impact of
wireless
networks, and
B5G use case
for In body
Networks
makes this
especially risky

RIL5

Quantum
Simulation

Programmable
Matter &
Claytronics

Beyond 5g
Hardware

Artificial body
parts,
responsible
3,6,9,1
production and
1,12
consumption,
reusable
materials

in body sensors
for health,
efficient
3,4,5,6
renewable
,7,9
energy,
preventative
medicine

9.c.1

5.b.1

48

4.a.1

NO

NA

TRL2

IP3

RIL2

RIL5

PREFET - Proactive FET Observatory for early trends, project building and social responsibility

TABLE 11: HEALTH & LIFE SCIENCES (BIO) TRENDS
Choose 3 examples of SDG
indicator

Health &
Life
sciences
(BIO)

Use case summary

Trends

RRI
intensit
Can the SDG
What is
y level
impact be How SDG What is the
the
SDGs
based
SDG
SDG
quantified?
impact
technology innovatio
impac
upon
SDG
indicator indicat
And if so on quantified readiness
n
ted indicator 1
the
2
or 3
how many
?
level
potential
SDG
impacted impacte impact
SDGs ?
?
impact
d
ed
?

Includes enhanced
deep brain stimulation;
Internal or external;
Cognitive
Parkinson, Alzheimer,
Augmentati
psychiatric diseases;
on and
3, 4, 5,
Physical handicap
Intelligence
8, 10
improvement; Learning
Amplificatio
Opportunities, Surgery,
n
Education, New
methods for problem
solving in creativity

3.4.2

4.2.1

8.8.1

NO

Cellular
Therapeutic
Neuroscienc
opportunities;
e and
Diagnostics; Prediction

3.b.1

3.4.1

5.1

NO

3,5

49

Actual
Is this
RRI
technol
intensit
Why is this
ogy
y level
technology
especial
require
thought to be
ly risky
d based
especially risky
on non
upon
?
SDG
all
factors?
factors
?

NA

TRL1 for
augmentation
, but BCI at
Trl4 based on
the
neuraLINKNO
VATE case
study

IP3

RIL2

YES

Experts: How
close is the goal?
Feasibility is a
challenge Can we
influence
thoughts?
Manipulation
Hacking the
brain, Access:
inequality,
Privacy, Agency,
Accountability in
decisions, Mind
reading (and
stealing)

NA

TRL2

IP3

RIL 2

YES

Experts:
Understand the
mechanism, How

RIL5

RIL5
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Cellular
Signalling

/ Prevention; Treat
neurodegenerative
diseases; Why limit to
specific disease?;
Organoids; Limit to
diseases?; Increased
knowledge how the
brain works; Transfer
to machine

Diagnostics; Prediction;
Prevention;
Connection; 1st layer of
information;
Integration of various
data layers, not just
·
genetics more omics;
Bioinformati
CASE by TRI:
cs and AI in
Bioinformatics to
Genetics
identify potential
genetic causes of
hereditary disease and
AI to propose a genetic
change which could
prevent occurrence in
children

to keep the
investment in the
public domain,
Need of public
funding,
Companies are
not investing
anymore after
several failures,
Discrimination,
Privacy, Business
Driven
Development

3,5

3.2.1

3.3.1

50

5.1

NO

NA

TRL9 based
upon Chinese
HIV resistance
CRISPR
experiment
(TRI
evaluation)

IP3

RIL5

YES

Experts: Making
sense of data;
Discrimination;
Privacy; Changing
social dynamic;
Ppl (people)
designed for x, y,
z; Amount of
data can be not
protected (ICT);
Interaction;
Exposome;
Infobesity; Ethics:
what can be
selected; TRI
RISKS: Significant
ethical issues
around eugenics
and EDI

RIL5
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Neuroscience;
Synergies with
Bioimaging and Drug
discovery (Trend 9);
Missing Image Analysis
and Artificial
Intelligence (AI);
Theranostics
(Theranostics is a new
field of medicine which
combines specific
Bioimaging
targeted therapy based
on specific targeted
diagnostic tests);
Training for surgeons;
Follow up for disease of
brain – degeneration;
For drug discovery;
Minimal inactive
surgery (invasive?);
Improved diagnostics;
Therapy; 3D printing

3,5,9

Stem cell technology;
Pharmacological
intervention; Tissue
engineering;
Personalized
Regenerativ
3,5,9,1
Regenerative Medicine;
e Medicine
2
Chimera; Organ
Creation; 3D Printing;
Life expectancy
extension; Cure of
organ insufficiency

3.4.1

5.1

3.4.1

9.5.2

51

9.5

12.a.1

NO

NO

NA

NA

TRL4 based
upon
http://www.n
anotbtech.eu/

TRL7

IP3

IP3

RIL3

NO
medical
imaging
Experts: Cost,
technolo
regulatory, need
gy as an
for unbiased
enhance
analysis tools
ment or
improve
ment

RIL3

RIL4

Experts: How to
deal with
chimeras?
Adoption of
techniques, The
right Model,
Distrust, Privacy,
Rights of non
human actors,
Regulatory

RIL5

YES
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barriers, Safety,
Inequalities

Non-Opioid
Pain
Managemen
t

Improving quality of
life, Dream of fixing it
all; Mental v. physical
pain

Life-expansion; Healthspan, quality of life.
Reference:
Cellular
https://www.nki.nl/top
Senescence
menu/about-the& Life
nki/news/newExtension
combination-therapyoffers-bowel-cancerpatients-extratreatment-option/

1,3,5,1
2

3,5

1.1.1

3.4.2

3.4.1

3.7.1

52

12.a.1

5.6.1

YES
WHO data
https://www. 118k deaths
who.int/subst per annum
ance_abuse/i
due to
nformationopiod
sheet/en/
addiction

NO

NA

TRL4

TRL6

IP4

IP3

RIL4

RIL4

YES

· Need unbiased
analysis tools;
Experts: Why
public investment
is necessary,
Addiction
prevention, how
to deal with
future claims?
Risk of treating
the effect and
not the cause,
Political

RIL5

YES

Experts:
Overpopulation,
Stagnant
innovation (lack
of “fresh blood”)
– activation,
Western
population only /
benefits limited
to the Western
population, Risk
of more fragile
society,
Environmental
risk,
Discrimination –
accessible to few
people

RIL5
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Antibiotic
Resistant
Super
Bacteria

Bottle neck of genetic
projects – validate
data; Cost-effective
manufacturing; Costeffective personalized
drug manufacturing;
Drug manufacturing –
in terms of affordable
synthesis; Saving
animals from animal
experimentation /
limiting; Pre-screening;
Organ chip; More
evidence based;
Prioritisation;
Personalized therapy;
New targets; Validate
targets; New drugs are
not cheap; Opportunity
organ on a chip
technology; Diagnostics
of specialised
treatment; Reduce the
animal
experimentation;
Reduce the cost

Drug
Discovery &
Manufactur
e Using AI

Bottle neck of genetic
projects – validate
data; Cost-effective
manufacturing; Costeffective personalized
drug manufacturing;
Drug manufacturing –

3,5,6

3,5,9,1
2

3.3.3

5.1

3.3.5

9.5.1

53

6.1

12.a.1

YES

https://ww
w.ecdc.euro
pa.eu/en/n
ewsevents/330
00-peopledie-everyyear-dueinfectionsantibioticresistantbacteria

NO

Drug
discovery
does not
equal
efficacy

TRL4 as many
treatments
delayed due
to regulatory
constraints
https://www.
ncbi.nlm.nih.g
ov/pmc/articl
es/PMC43785
21/

TRL6

IP4

IP4

RIL3

RIL4

YES

Experts: Find new
angle to tackle
the problem;
willingness of
governments and
companies,
farming (water);
economic issues
industry v. public
funding,
regulatory
constraints

RIL5

YES

Experts: How to
“keep” the organ
in the public
domain,
Inequalities in
access, Ethics –
who can afford it,

RIL5
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in terms of affordable
synthesis; Saving
animals from animal
experimentation /
limiting; Pre-screening;
Organ chip; More
evidence based;
Prioritisation;
Personalized therapy;
New targets; Validate
targets; Opportunity
organ on a chip
technology; Diagnostics
of specialised
treatment; Reduce the
animal
experimentation;
Reduce the cost

Diagnostics
Treatment of different
Microbiome
diseases
for
Quality of life
Enhanced
Democratisation of
Human
medicine; Female
Health
health, Interaction with
genome

Cost, Time,
Market, Who can
do it?
Multidisciplinary,
Meaningful use
of data,
Validation of
data, Decision
making process
based on data

3,5,6

3.4.1

5.1

54

6.6.1

NO

NA

TR6
(http://www.
microbiometi
mes.com/thehumanmicrobiomea-globaloverview-ofclinical-trialsactivity/)

IP3

RIL4

YES

Experts:
Validation of
effect? – Does it
really work?
Trust,
Methodology,
Manipulation of
microbiome,
change of the
environment,
Biobase,
Surveillance,
bioinformatics of
data

RIL5
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·
Quality of life
Immunother
(improved);
apy and
Therapeutic potential;
Genomics
Most promising
for Cancer
therapeutic avenue;
3,5,12
Personalized Target discovery; LongTreatment term efficiency; More
and
fundamental research
Prevention
needed?

Functional
replacement;
Aesthetics; Opportunity
for new sports; For
people with disabilities;
Capabilities (improved
& enhanced); Quality of
3,5,9,1
Bio Robotics life; Lowering costs of
0, 11,
/ Bionics
the system and
16
families; Adapt to live
in other atmospheres;
Enhanced or new
sensory capabilities;
Shorter time of
rehabilitation;
Economy; Revolution in

3.4.1

5.1

3.8

9.2

55

12.4

10.2

NO

NO

NA

NA

TRL 5 (Related
to 3.4.1.
https://www.f
rontiersin.org/
articles/10.33
89/fonc.2019.
00884/full /
related to 5.1:
shorturl.at/kq
rAK)

TRL4 based
upon
NeuraLINKNO
VATE case
study

IP3

IP3

RIL4

RIL3

Ultra
personali
sation
has
potential
to
increase
gender
discrimin
ation due
to
apparent
initial
focus on
male
specific
diseases

Experts: Politics:
life-extension
with high quality
of life, Safety,
Cost, Access
because of costs,
Political costs,
Overprice, Search
for substitutes /
safety, Privacy,
Pharmacology,
Development on
mutation cord of
the cell, Limited
to specific types
of cancer

RIL5

YES

Experts: Military;
Peer pressure;
Pressure of work;
Sport spirit of the
game; Equality;
Inequalities of
access; Hacking;
Costs;
Discrimination;
Inequalities
exposed – super
humans; Access;
Definition of
human?
TRI Risks:
Potential for

RIL5
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society; No humans;
Military? CASE by TRI:
Brain implant
controlling prosthetic
lower limb

military
applications plus
non disease
human
augmentation
applications

3,5

3.3.2

3.3.3

5.1

NO

NA

Virotherapy

Intelligent cure for
diseases; Advanced
therapy

TRL6
https://www.s
ciencedirect.c
om/science/ar
ticle/pii/S111
08630173011
2X

Cryonics

Use for transplantation;

3,5

3.4.1

5.6.1

NA

NO

NA

TRL4 Small
scale
prototype

56

Following a
pivotal
phase III
trial, Imlygic
(talimogene
laherparepv
ec/T-Vec)
received US
approval as
a treatment
for
melanoma
in Oct 2015,
followed by
its EU
authorisatio
n. First
approvals
for an
oncolytic
virotherapy.
https://ww
w.ncbi.nlm.
nih.gov/pm
c/articles/P
MC5007754
/

RIL4

IP3

RIL3

YES

Experts:
Adoption
stopped, Safety,
Target effects,
Germinal line
contamination

RIL5

NO

Experts:
sustainable
energy supply

RIL3

PREFET - Proactive FET Observatory for early trends, project building and social responsibility
using nano
liquids
https://stm.sc
iencemag.org/
content/9/37
9/eaah4586
Experts interpreted this
trend as the
development of new
ways of looking for
signs of non standard
life within data sets.
Although the specific
AI For Alien
3,5,13,
trend is around
Life Search
16
detecting signs of extra
terrestrial life, the
experts felt that the
real value in this work
was to be able to apply
these new techniques
to terrestrial problems.

3.9.2

13.b.1

57

16.1.2

NO

NA

TRL6

IP3

RIL4

NO

The technology
itself is not
especially risky,
however the
quality of data
produced may
not ultimately
provide
meaningful and
actionable
insights. Spin off
innovations could
have huge value
however. Edge
and fog
computing

RIL4
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TABLE 12: ENERGY, ENVIRONMENT AND CLIMATE CHANGE TRENDS
Choose 3 examples of SDG
indicator

RRI
intensi
Can the SDG
What is
Energy,
What is
ty level
impact be How SDG
the
Environment
SDGs
the
based
SDG
SDG quantified?
impact
innovati
and Climate Use case summary impac
upon
SDG
indicator indicat And if so on quantified technology
on
change
ted indicator 1
readiness
the
2
or 3
how many
?
potential
Trends
level
SDG
impacted impacte impact
SDGs ?
?
impact
d
ed
?

It can be used in
Beyond
advanced control
Smart Grids:
and AI technologies
Advanced
for energy
9,11,1
Data
management: from 2,13
Analytics &
the house or family
Machine
level to a whole
Learning
country level.

EnergyEfficient
Water
Treatments

Water as a
commodity in the
future. It will gain
importance as a
natural resource
because of its
6,12,1
scarcity. Key issues:
the need of effective 3,15
water systems (for
cleaning the water)
and the recovery of
nutrients out of
industrial waters and

9.4

11.b

6.4

12.6

58

13.b

13.b

NO

NO

NA

NA

TRL4

TRL4

IP3

IP3

RIL 3

RIL 3

Is this
techno
logy
especi
ally
risky
on non
SDG
factors
?

Actual
RRI
intensit
Why is this
y level
technology
require
thought to be
d based
especially risky ? upon
all
factors
?

NO

Experts: Issues
with the property
of the data and
how it is handled,
hackers stealing or
corrupting the
data, being able to
threaten energy
grids and
distribution
nationally.

RIL3

NO

Huge investment,
vulnerable to
hacking, increase
inequities as water
becomes a
commodity.

RIL3
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wastewaters. A
feasible business case
would be to extract
raw materials from
wastewater with low
energy intensity.
Before these
biodegradable
sensors, we need
Precision Farming to
be a reality first.
Sensing is needed for
·
Biodegradabl Precision Farming but
there are more topics 2,3,12,
e Sensors for
needed than just
13,15
Precision
Biodegradable
Farming
Sensors. Perhaps
these sensors are not
the priority. It has
opportunities in
optimizing crops and
in saving fertilizers.

Zero-Power
Sensors

With IoT and 5G
technologies, billions of
devices will be sensing
data and controlling
equipment. This
demands an enormous
amount of energy. Issue
that would be solved
with zero-power
sensors. Great for
detecting water losses
on ground resources or
city-ground pipes.
Sensors are everywhere
and are needed
everywhere. Hence,
positive impacts affect
almost all industries and

2,7,9,1
1,13

2.4

12.4

2.4

7.b

59

15.8

9.4

NO

NO

NA

NA

TRL4

TRL4

IP3

IP3

RIL 3

RIL 3

NO

Experts:
invasiveness,
challenge of the
extinction of nonprofitable
vegetables or
species, increase of
inequalities
between rich &
developing
countries.

RIL 3

NO

Experts:
invasiveness,
privacy and “who
controls the data”
issues, which poses
ethical questions,
need for more
cost-efficiency.

RIL 3
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stakeholders. Plus, are
key to bring IoT to life.
Sensors or big city data,
agriculture, buildings,
mobility, drones, more
efficient water city
management.... EMIS
(energy monitoring
information systems) to
monitor air quality,
microclimate, user
habits, the environment,
and engage with it.

Arctic
Climate
Change

13,14,
15.
But
more
broadl
y, it
affects
all
SDGs –
key
issue!

13.1

14.2

15.1

NO

NA

TRL2

IP3

RIL2

YES

Experts: human
centred approach,
extinction of flora
and fauna, to people
displacement, impact
on the global
weather, exposure to
pathogens from
ancient times, the
challenge of private
interests,
governments
interests, and
economic decision
makers, which would
lead towards more
inequality, huge
potential impact on
whole earth.
Experience from
SPICE project
sugge3sts highest
level of scrutiny

It tackles key issues 2,6,7,1
like removing CO2, an 2,13,1
increase of protein
4

2.3

12.4

14.1

NO

NA

TRL2

IP3

RIL2

YES

Experts: The techreadiness is low,
algae as a weapon

If water is going to
be a scarce
commodity, it is a
waste the fresh
water of the poles:
we will look into
the polar caps to
get fresh water. Is
key to collect data
on what’s
happening on the
arctic. We may end
up mining fresh
water. Crazy idea:
geoengineering to
reflect the sun to
keep the earth
cooler.
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Algae
Against
Climate
Change

Net Zero
Buildings

resources and other
nutrients, it would
decrease
deforestation as it
could be used as a
substitute of soy for
animal fed, and also it
could be used as a
biofuel and as a new
material. It solves key
issues at once:
climate change,
food/protein
production,
alternative fuels,
material production.
It seems a great value
proposition that is
feasible for scaling up
quickly. It is an
opportunity for
agriculture, the oil
industry, new
chemicals, the
construction industry
and the food
industry.

to corrupt other
countries’ algae
farms, destroying
ecosystems to
convert them into
algae factories
(farms), benefit
sharing of these
crops. Huge
potential impact
on whole earth.
Experience from
SPICE project
sugge3sts highest
level of scrutiny

Passive buildings are the
present, now we have
to extend them to netzero buildings. Buildings
(homes, factories,
hospitals...) are the
largest consumers of
electricity. Saving
energy at the source
(energy efficiency first
principle) is highly
efficient. It is important

Experts: costs of
materials, hacking
and privacy issues,
change of the
market, challenge
to existing
buildings and
cultural heritage
buildings
(monuments).

3,7,9,1
1,13

7.3

9.4

61

11.1

NO

NA

TRL4

IP3

RIL 3

NO

RIL 3
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to reduce strain on
centralized (grids) and
global supply chains.
Applications in
agrobusiness, healthy
buildings (hospitals, but
not limited to),
construction, energy,
controlling air
conditioning. One
example would be the
use of metamaterials in
Burj el Arab to reflect
solar light and prevent
the building from
overheating and saving
in the refrigeration
system. Crazy idea: If we
take into consideration
clothes as “personal
buildings”, that regulate
our temperature and
create our own
environment, we won’t
be needing efficient
buildings, only efficient
clothes that would
adapt to any weather
and climate conditions.

This is one of the
most crucial
challenges of our era.
This is a very
important
Ocean and
environment topic. It
Marine
LINKNOVATEs to
Preservation
ocean wiring and
sensing. It relates not
only to pollution in
our oceans, but also
overfishing issues.

2,3,13,
14,15
(basica
lly
almost
all of
them,
but
especi
ally
the

2.3

13.b

62

14.1

NO

NA

TRL4

IP3

RIL 3

NO

Experts: challenge
to other “agents”
like flora & fauna, a
farm out of the
ocean, or sterilizing
the ocean.

RIL 3
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GoJelly is applying
natural mechanisms
against garbage in
our oceans, which is
practical.

ones
specifi
ed)

4d Printing

Materials that
change their shape
in post-production.
Some stimuli may
trigger the change,
like water, heat,
light or electric
currents. It clearly
can have military
1,3,12
applications. As
well as in space
colonies. Other
uses may be for
medical purposes:
prosthetics that
change and evolve
with the
person/wearer.

Ocean
Wiring and
Sensing

If we want to
preserve the
oceans and its
species, we need
sensing.
Connections with 2,6,14
zero power
sensing. Positive
impacts or positive
applications in
fishing, the food

3.8

12.4

2.4

14.a

63

NA

NA

NO

NO

NA

NA

TRL4

TRL4

IP3

IP3

RIL 3

RIL 3

NO

Experts: Cost,
access, prediction
in material
behaviour,
recycling, potential
intervention from
terrorists and
hackers.

RIL 3

NO

Experts: unknown
costs to the
ecosystems,
subjected to wars
to control that
infrastructure,
conflicts for
national marine
frontiers.

RIL 3
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industry, the
shipping industry,
and offshore
energy. Also, for
telecom
companies.
Another related
stakeholder would
be the policy
makers.
Holy Grail: Super
conduction from
High
graphene plates
Temperature
can be a
Superconduc
gamechanger in
tivity & Twist
the energy industry
Electronics
or energy-powered
infrastructure.
Crystals that repeat
their structure not
over space, like
regular crystals, but
over time
(periodically).
*Crazy idea: study
these crystals like
Time Crystals
DNA or genes, as
they repeat their
structure too.
Applications in
quantum
computing. And in
extending life of
medical devices.

7,9

8,9

7.1

9.4

8.4

9.5

64

NA

NA

NO

NO

NA

NA

TRL2

TRL2

IP3

IP3

RIL2

RIL2

YES

Huge potential
impact on energy
production
systems requires
enhanced
confidence in
varacity

RIL5

YES

Experts: costs,
materials,
unknown
perspective of
time.

RIL2
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It is important for
Europe to preserve
its market share in
the automotive
industry. Existing liion batteries have
significant limitations
(energy per mass,
recharging, etc.).
They are needed for
different applications
Self-Healing such as renewable 7,8,9,1
energy, energy
Batteries
1,13
storage, electric
vehicles, intelligent
wearables, and all
kind of devices that
use or may use
batteries.
Opportunities in
vehicles, renewable
energies, buildings,
wearables, and
smartphones.

7.1

9.1

11.2

NO

NA

TRL4

IP3

RIL 3

NO

Experts: impact on
the market and the
environment,
require
obsolescence.

RIL 3

YES

Experts: security,
impact on the
environment, nuclear
remains, access increased inequality,
differences between
rich and
underdeveloped
countries. Huge
potential impact on
energy production
systems requires
enhanced
confidence.

RIL5

This technology is still

·Nuclear
Fusion
Power

a project/promise to
be achieved. It is
necessary to avoid
global warming by
burning fuels. It may
be the solution for
our need of “clean”
energy. The
technology was and is
underfunded. Existing
related and
functional
technologies: LFTR

7,13

7.1

13.1

65

NA

NO

NA

TRL2

IP3

RIL2
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6.3 Discussion
6.3.1 SDGs
This section discusses findings related to SDG mapping. Table 4 provides the number of FET
trends, which impact specific SDGs. Figure 1 illustrates this mapping.
The mapping of FET trends onto the SDGs is intended to allow assessment of the Innovation
Potential of each trend, as a gauge of the level of RRI scrutiny, which can be justified. The
higher the innovation potential, the higher the level of RRI scrutiny (and balanced against our
current understanding of the true impact of a novel technology, as embodied in the TRL).
We recognise that the SDGs are defined in much more detail by the 169 SDG Indicators, and
thus the ability to fully understand the impact of a FET Trend on an SDG must be considered
against the specific indicator, and not only on the broadly defined top level goals. Thus we
now believe that there is a need to develop an individual SDG specific RRI approach which will
deal with the particular indicators for each SDG. This is a topic for further study.
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Number of FET trends which impact specific SDGs
SDG

Title

Number of FET trends

1

Poverty

2

2

Hunger

5

3

Health

26

4

Education

4

5

Gender

19

6

Water

9

7

Energy

12

8

Work

7

9

Industry

18

10

Inequality

8

11

Cities

9

12

Consumption

10

13

Climate

13

14

Water life

6

15

land life

5

16

Justice

3

17

Partnership

2

Table 13 Number of FET trends which impact specific SDGs.
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Figure 19. Visualisation of a number of FET trends which impact specific SDGs.
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6.3.2 RRI Intensity Level
The RRI Intensity level methodology requires that researchers evaluate the TRL of their
own projects and then consider the potential impact upon the sustainable development
goals to calculate the RRI intensity level. This RIL evaluation is an indication, not only of
the oversight, which is required for the specific technology, but especially of the
feasibility of undertaking RRI for a technology at an early stage of development (a
function of the TRL). The method does allow for the RRI Intensity level to be amended
following elicitation of other risk factors beyond the scope of the SDGs.
From the experience of the Trendington event we found that in a high number (25) of
cases, the expert panel identified significant issues that had not been captured by the
SDG evaluation, which resulted in the RIL being increased to RIL 5. Table 5 provides an
overview of FET trends in three FET categories that require RRI Intensity at level 5.
RIL LEVEL

CATEGORY
ICT

RIL 5

ICT
ICT
ICT
ICT
ICT
ICT
ICT
ICT
BIO
BIO
BIO
BIO
BIO
BIO
BIO
BIO
BIO
BIO
BIO
BIO
ENV
ENV
ENV
ENV

TREND
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Extending the Limits of Quantum Computing:
Decoherence
Interface Quantum / Classical Computing
Adaptive Assurance of Autonomous Systems
Chemputing and 3d Printing Reactionware
Ethically Trustworthy AI
Homomorphic Computing
Anonymous Analytics
Quantum Communications: Quantum Internet
Beyond 5g Hardware
Cognitive Augmentation and Intelligence Amplification
Cellular Neuroscience and Cellular Signaling
· Bioinformatics and AI in Genetics
Regenerative Medicine
Non-Opioid Pain Management
Cellular Senescence & Life Extension
Antibiotic Resistant Super Bacteria
Drug Discovery & Manufacture Using AI
Microbiome for Enhanced Human Health
Immunotherapy and Genomics for Cancer Personalized
Treatment and Prevention
Bio Robotics / Bionics
Virotherapy
Arctic Climate Change
Algae Against Climate Change
High Temperature Superconductivity & Twist
Electronics
Nuclear Fusion Power

Table 14: Trends requiring RRI intensity at level 5.
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The feasibility of undertaking RRI activities on early stage technologies is an important
factor to consider when recommending that a specific technology, due to its high level
of risk, requires an enhanced level of oversight.
RIL assessment needs to take into account the feasibility and effectiveness of RRI
activities mandated, and we propose that any works should be subject to the following
additional tests:

M
U

Meaningful
Can a sufficiently broad range of stakeholders sufficiently appreciate what the
potential impact of a novel technology is, based on its stage of development?
Useful
Are we stifling creativity by demanding a statement of instrumental value too
early?

S

Sensible
What level of resources are sensible to expend on RRI? (based on, stage, impact,
importance, incremental/transformational)

E

Effective
Can we create sufficient evidence of potential impact to convince or effect
changes in society or stimulate anticipatory regulation?

Figure 20. MUSE approach proposed by PREFET for evaluation of feasibility and
effectiveness of RRI oversight.
The MUSE test is intended to act as both an evaluation of feasibility and effectiveness,
at a particular point in time. Moreover, it serves as a tool to indicate where more work
is required from the research team to clarify aspects such as use-cases, or economic,
societal, ethical or environmental impact of a technology.
We recognise that RIL evaluation it is something which does require periodic review, as
the impact of a technology becomes clearer over time.
In the case where the preliminary evaluation of RIL differs significantly from the peer
review RIL evaluation it is important to consider the MUSE aspects. As the TRL of a
technology and the feasibility of undertaking detailed RRI analysis are predicted to be in
many cases directly proportional, then it may become necessary to delay the more
detailed RRI analysis until such time as the technology has matured to the level needed,
for the broader implication on society to be considered in a Meaningful, Useful, Sensible
and Effective manner.
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Evaluation of the RRI Intensity level for the FET Trends is intended to establish the
intensity of RRI activities taking place as an integral part of the main research, as well as
recommending the level of organisational maturity (in RRI terms) of the research
organisations selected to undertake such research. In terms of the potential application
of these findings we recommend that the following:
1. In the development of policy relating to the funding of FET programmes it is
recommended that renewed emphasis is placed on the RRI maturity of
research organisations as a key selection criteria in funding decision making.
2. When financial provision is made for FET and Pathfinder type research
(programmes), that additional provision for the funding of enhanced levels of
RRI activities is made, especially for the 25 FET Trends, with RRI Intensity at level
5.
3. Within any future funding provision for programmes with comparable objectives
to the Horizon 2020 Science with and For Society (SWAFS), that additional
provision is made to support organisations to increase their organisational level
of RRI maturity.
4. For future funding programmes that financial provision is made for the
development of SDG specific RRI methodologies. SDG specific methodologies will
allow for a more comprehensive and targeted evaluation on the impact on
specific SDG indicators.
5. This evaluation of FET technology trends on the SDGs shows a very uneven
spread of impacts. We recommend that similar evaluations be made of non
technology related research to determine if specific SDGs are under represented
in European research funding priorities.
The broader implication on research policy, funding, methods and practice are
considered in more detail in Deliverable 3.1. Position paper on anticipating the
alignment between FET trends and Sustainable Development Goals.

71

PREFET - Proactive FET Observatory for early trends, project
building and social responsibility

7. Conclusions
First of all, it is important to establish that the PREFET Consortium has not identified any
specific ethical issues related to the work plan, outcomes or dissemination, as the
project core activities in WP2 do not deal with personal data (aside from the detailed
cases mentioned D1.3 and summarized in this document, which refer to fair use).
FET like candidates, researches, and advisors have participated and will continue to
participate in the project based on informed consent, may withdraw at any time, and
are able to request information not to be published.
Regarding “technical” outcomes of the project, it is important to highlight that the four
layers of knowledge in the project have worked as expected, in terms of complexity,
analytical capacity, activity, and quality. Quantitatively, the project WP2 outcomes have
exceeded expectations both in terms of speed, insight generation for each PV trend and
number of expert participation in WP2 (and WP3) activities.
A final list of 20 top FET trends has been presented as “play-grounds” were researchers
can dream of new project ideas for a better future. Some seeds of ideas and
unconventional perspectives around these trends are also presented, as examples from
artists, designers, architects and researchers' creativity, as well as from the
identification of sinergies between trends within and accross ICT, Health Sciences,
Biotechnology and Environmental Sciences. The potential is great towards the future
design of policies and supporting instruments for the development of long-term
technologies with high impact potential, as well as in relation to the IdeAcademy by
PREFET.
It is important to highlight the impact that the consultation to stakeholders and experts
has had over this final list of 20 trends, through all mechanisms implemented: the Open
Trend Consultation (OTC), surveys to artists, architects and designers, and the
Trendington event. On the one hand, it has of course served as methodology for the
confirmation and selection of the 20 trends among the initial list of 45 Pre-Validated
Trends. Experts were always asked if they felt trends were relevant and if something
important was missing; and feedback from both the 22 experts participating in the
Trendington and the 2,000+ experts answering the OTC, has been positive in this sense.
On the other hand, it has served to go beyond a mere selection or filtering of trends,
addressing also their enrichment and/or refinement, as well as for the identification of
potential synergies / opportunities of merging trends within ICT / Bio-Health /
Environment-Climate, and also, across areas.
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As an example of refinement, the trend initially formulated as "Beyond 5G technologies"
evolved into "Beyond 5G hardware"; and the trend initially titled "Bioinformatics & AI in
Genetics" grew to "Bioinformatics & AI in 'Omics'". Furthermore, edits to the trends'
executive summaries have also been implemented.
In relation to potential mergers, several clusters of trends have been identified. As a first
step towards future use of these opportunities, we have prepared a draft paper for
ISPIM 2020 in which 2 of these merged-trends are described: "Algae biomimetics and
claytronics towards new urban paradigms in the use of energy and water against climate
change", and "Photoacoustics in communications, neuromorphic computing and
'holistic sensors' for Ocean wiring" (see Annex 2). It will be the seed for further work in
this direction towards the organisation of the IdeAcademy and final PREFET Roadmap.
Finally, the SDGs mapping and RRI Intensity Level enriches our analysis by providing the
societal context of new technologies. It shows what are the grand challenges that these
technologies respond or could respond to, as well as what are the technological and
societal challenges related to these trends. This analysis highlights where and how much
of RRI oversight is needed to minimise these risks and ensure these technologies are
being developed in a responsible and ethical way benefiting society and taking into
consideration their needs.
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Annex 1: Analysis of Relationships between PREFET Trends and FET
Proactive Topics 2018-2020
*Including in purple relevant feedback from experts at Trendington and Open Trend Consultation (OTC).
CALL
2018

FET PROACTIVE TOPICS
FET Proactive: emerging paradigms
and communities:
- Artificial organs, tissues, cells
and sub-cellular structures

PREFET TOP TRENDS

OTHER RELEVANT PREFET TRENDS

- POTENTIAL EVOLUTION INTO: Bio Robotics/Bionics,
Cellular Senescence & Life Extension, and
Regenerative Medicine

- RELATED TO Microbiome for Enhanced
Human Health, and Cellular Neuroscience and
Cellular Signaling (main comments from
experts: This trend could create synergies with
Photoacoustics in communication)

- Time.

- RELATED TO 4D Printing
- POTENTIAL EVOLUTION INTO: Algae Against Climate
Change
- RELATED TO: Anonymous Analytics, and Ethically
Trustworthy AI (if “social interactions are extended to
non-human / AI-based “social agents”)
- POTENTIAL EVOLUTION INTO: Algae Against Climate
Change, and Net Zero Buildings

- Living technologies
- Socially interactive technology
- Disruptive micro-energy and
storage technologies

- RELATED TO: Programmable Matter &
Claytronics, Metamaterials Cloaking and Time
Crystals (new paradigms around time are still
a hot topic).

- Topological matter

Community building in
Neuromorphic Computing
Technologies

POTENTIAL EVOLUTION INTO: Neuromorphic Computing
and Biomimetic AI
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brought by experts - Biomimicry
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2019

2020

Community building & roadmapping
for high performance and smart
electrochemical energy storage

POTENTIAL EVOLUTION INTO: Algae Against Climate
Change, and Net Zero Buildings (repeated synergies), and
Self Healing Batteries.

Human-Centric AI, Implantable
autonomous devices and materials

POTENTIAL EVOLUTION INTO: Bio Robotics/Bionics and
Ethically Trustworthy AI (repeated synergies), and
Bioinformatics & AI in Genetics (main comment from
experts: not just genetics, let’s talk about omics).

Breakthrough zero-emissions
energy generation for full
decarbonisation

POTENTIAL EVOLUTION INTO: Algae Against Climate
Change, and Net Zero Buildings (repeated synergies). Also
related to Energy Efficient Water Treatments.
Idea from experts: If we take into consideration clothes as
“personal buildings”, that regulate our temperature and
create our own environment, we won’t be needing efficient
buildings, only efficient clothes that would adapt to any
weather and climate conditions.
- STRONGLY RELATED TO: Anonymous Analytics and
Ethically Trustworthy AI (particularly after detecting the
distrust and somehow “fear” these technologies cause
amongst artists/designers/ architects/futurologists and
even researchers, normally from non-ICT fields)
(repeated synergies). Recommendation to consider
these perspectives into the definition of the topic.
- RELATED TO: Zero Power Sensors and, somehow, to
Beyond 5G Hardware (nanometrology should align with
related trends with the purpose “not to be just nano”
while, e.g. increasing the global demand for energy
once sensors become ubiquitious and, therefore,
impacting climate change).

Emerging paradigms and
communities:
- Future technologies for social
experience

- Measuring the unmeasurable ––
Sub-nanoscale science for
Nanometrology

- Digital twins for the life-sciences
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RELATED TO: Beyond Smart Grids: Advanced
Data Analytics & ML, Chemputing and 3D Printing
Reactionware (idea from experts: Its use for no pre
depletion in batteries).
RELATED TO: Cognitive Augmentation and
Intelligence
Amplification,
and
Cellular
Neuroscience and Cellular Signaling (main
comments from experts: Consider risks such as
“brain hacking” or “mind stealing”)
RELATED TO: Nuclear Fusion power. Idea from
experts (shared during Trendington and open
consultation: focus on small machines rather than
very large reactors, the same way as electric smart
grids is being developed / small modular reactors)

- RELATED TO: Biodegradable Sensors for
Precision Farming (or beyond, as expressed
by consulted experts) (experts also highlighted
the need for “an integral perspective” around
sensors, so they are both zero-power and
biodegradable).
- RELATED TO: Bioimaging, Chemputing and
3D Printing Reactionware (idea from experts:
printing tailored cells), and 4D printing (printed
materials that change in shape along time)

PREFET - Proactive FET Observatory for early trends, project building and social responsibility
Environmental Intelligence:
- New techniques for creating and
using dynamic models of
environmental evolution

RELATED TO: Zero Power Sensors and Beyond 5G
Hardware

- COULD BE ENRICHED WITH: Photoacoustics
in communications, one of most disruptive
trends in the list, and potentially usable for
underwater communication & communication in
quite / remote areas, as well as for
smaller/silent undersea robots (synergies
identified by experts during Trendington).

Relevant repeated comment from experts that could be
used in refining the topic description These techniques
and approaches should not be human-centered,
“forgetting” about flora and fauna and all other impacts
beyong ourselves. Related keyword raised during open
consultation: Eco-design.

Experts mostly focused in the Environment area
frequently detected synergies with 4D printing.

- Radically novel approaches to
resilient, reliable and
environmentally responsible insitu monitoring

Neuromorphic
technologies

computing
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RELATED TO: Neuromorphic Computing and Biomimetic
AI (repeated synergy) (experts found strong synergies
amongst
this
trend
and
ocean/environment
sensing/preservation
–
related
to
environmental
intelligence)

Trends in which subtrends could be detected for
enriching the description of the topic:
- Adaptive Assurance of autonomous systems
- Arctic Climate Change. An idea from experts:
water mining in the artic.
- Ocean and marine preservation & Ocean
Wiring and Sensing (two trends strongy
interconnected, as highlighted by experts. In
relation to the first one, experts highight the
need to avoid sensing networks requiring
central infrastructures since they can be
vulnerable and could delay sustainability of
results)
- Virotherapy
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Extra comments:
-

-

Trends related to most genuinely future and emerging technologies have not been chosen as top-15 by experts – We want to estress here
their potential, at least within FET Open model. These are:
o Not related to any previous FET Proactive topic:
▪ Cryonics
▪ High Temperature Superconductivity & Twist Electronics,
o With some relation identified with FET WP:
▪ Photoacoustics in Communication,
▪ Chemputing and 3D Printing Reactionware (other perspectives detected by experts, apart from the ones included in the table
above: Deep space drug production, Drug discovery for neglected diseases and Democratisation of drug production),
▪ 4D printing (specific feedback: The technology need maturation in terms of materials and fabrication technologies in order to get
more reliable systems, fabrication and morphing concepts to implement new functions and applications),
▪ Time Crystals (relevant comment from open consultation: Time crystals could provide a way for fast memory switching at the
quantum level),
▪ Virotherapy (closely related to regenerative medicine, according to experts)
o AI for alien life search is an area many experts don´t consider a priority today.
For several trends experts highlighted the need to keep technologies “low-cost” so they can really create the desired impact in the future and
do not deepen inequality up.
PREFET top 20 trends with no match to these topics: Drug Discovery & Manufacture Using AI, Limits of Quantum Computing: Decoherence.
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Annex 2: Outline of papers submitted to ISPIM
2020 to disseminate main knowhow and
outcomes related to this deliverable
PAPER 1:
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PAPER 2:
Responsible Innovation for Future & Emerging technologies
Issue
Coming up with radically new ideas based on excellent science and being able to
materialize them with real benefits to society whilst anticipating and managing risks is a
tremendous challenge. The Horizon 2020 project PREFET recognized that novel
technologies should benefit society and match with real societal challenges and needs.
The United Nations captured these grand challenges and societal needs under the
Sustainable Development Goals (SDGs) as the universal goals, targets and indicators.
PREFET is delivering tools and methodologies to pre-validate new and emerging trends
in Future and Emerging Technologies (FET), providing the SDGs and RRI context for
their successful implementation, and helping researchers improve their project planning
and decision making. PREFET applies the concepts of SDGs and RRI in order to analyse
FET trends in terms of their anticipated high potential impact (both positive and negative)
serving as a benchmark for identifying gaps, where further FET seeding activities may
be encouraged. Moreover, FET trends were mapped against RRI implications, such as
whether and why RRI should be carried and the concepts of how and how much RRI
should be undertaken, indicating how much RRI is both necessary and sufficient. This
assessment is a crucial precursor to the actual carrying out of RRI activities, which
cannot be undertaken without reference to the context and development of a particular
project.
These objectives were achieved by developing a methodology platform enabling
systematic identification, and insight generation for new and emerging technologies
beyond the FET portfolio supporting researchers in their early-stage decision and
ideation steps.
Interest
Early identification of FET trends and their associated SDG impacts will help inform
research funding priorities, and other initiatives aimed at supporting the most beneficial
technologies, by engaging and supporting researchers with high potential to become
FET winners, underpinned by the responsible research approach. A meta-analysis of the
existing and future FET portfolio will benefit strategic planning for the research
community by identifying gaps, where further FET seeding activities may be encouraged,
especially for new trends most aligned with global challenges reflected in the SDGs.
Benefit
PREFET’s novel innovation approach is well aligned with the theme of ISPIM 2020
“Innovating Our Common Future”. Delegates representing academic, research,
consulting, industry, & policy sectors will be able to apply PREFET’s findings and
deliverables to enhance their value- based and sustainability-oriented innovation
activities, and help stimulate further debate on the role of the SDG’s.
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