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Executive summary

What are the links between the digital and the green transitions, and what research is
required to make the twin transition a success? The main reasons for asking these questions
are the power of the digital transition of society, at a time when climate change, loss of
biodiversity and environmental degradation are existential threats to the world. A global
green transition of society can only be effective if it is underpinned by the digital transition
currently underway. The ongoing and comprehensive digital transition of society can and
must contribute towards the green transition, but the digital transition itself must also
become greener. Based on our understanding of the dynamics and strength of digitalisation
we discuss how the digital transition can contribute to the green transition, and how these

two transitions can influence and reinforce each other.

These two transitions have been at the heart of EU policymaking, and they are critical
challenges for every country in Europe and beyond. But what is lacking in wider policy
discussions is a more careful articulation of how these challenges relate to each other. What
changes are needed, when we think of the two transitions not simply as parallel processes,
but as transformations that can and should affect each other deeply? And in these transitions
as interrelated processes, what is it that we understand — and more importantly, what do we

not yet know but need to understand?

This study asks what are the key questions for research that underpin the challenges of the
digital and green transitions. It aims to inform policymakers, funders and decision-makers
in universities what some of the frontiers are in digital research, and how these can (and
must) be harnessed to ensure the green transition can succeed. This study shows how the
two transitions cannot succeed without significant investment in research across disciplines.
In turn, we seek to outline to policymakers how research can help their aspirations to make
Europe a global powerhouse for the green transition, based on widespread public support

and acceptance.

The green transition of society is about reducing greenhouse gas emissions, preserving
and restoring nature, reversing environmental degradation and ensuring that the energy
of the future comes from renewable sources. The digital transition of society consists of all
processes at all levels in society involving infrastructure, services, applications and human
behaviour that depend on a digital representation of knowledge and computer power. The

combination of these two transitions, green and digital, is referred to as the twin transition.

Although this paper focuses on the importance of digital research and the need for new
digital solutions, it is important to underline that a digital research agenda for a successful
green transition of society also requires a broad range of competences across science,
technology, engineering and mathematics (STEM) as well as the social sciences, arts and
humanities (SSAH).
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The following is a short summary of our main recommendations.

1. Recommendations for the higher education sector

1.1.Strengthen efforts to find digital solutions to enhance institutional sustainability
- and enhance institutional capacities for the environmental sustainability of data

handling and computing for research and education purposes.

1.2.Strengthen interdisciplinary collaboration within and across institutions, including
career recognition for risk-taking and team-science approaches addressing major

twin transition challenges.

1.3.Develop content in education programmes and foster innovative pedagogies to
ensure students have opportunities — within and beyond the curriculum — to engage

with challenges around the twin transition.

1.4.Engage with regional, national and international communities to ensure universities
are integral to identifying problems and finding green solutions, based on cutting-

edge, interdisciplinary research.

2. Recommendations for policymakers

2.1.Ensure that policies to foster the digital and green transitions are connected, so that
both reinforce each other. This may imply a governance model with a single research
strategy on the twin transition instead of merely coordinated distinct strategies

dedicated each to the green and digital transitions.

2.2.Ensure that the twin transition, and the solutions needed to implement it, are driven
by a focus on the public good - so that commercial interests serve the public good,
not vice versa. This requires public actors, including universities, to have a key stake

in co-creating the vision for — and driving the implementation of — the twin transition.

2.3.Recognise - through appropriate and ambitious levels of research funding — that
the twin transition cannot succeed without research, and that ambitious goals for
making Europe a global powerhouse for the digital and green transitions cannot

succeed without world-leading investment in research and innovation.

2.4.Ensure that research funding is distinguished by an appropriate balance of third-party
and long-term institutional core funding of university research, enabling researchers
to more efficiently identify bottom-up, interdisciplinary solutions addressing long-

term transitions in society.

2.5.Recognise that long-term fundamental research — both disciplinary within the digital
domain and interdisciplinary where digital research plays an important role — is of
crucial importance for a successful twin transition, including promoting actions for
saving nature, achieving not only the necessary energy transitions but also that the

twin transition of society becomes just.



2.6.EU and national policymakers must remove obstacles to data sharing and instead
promote and facilitate data flows — in compliance with privacy protection rules
and principles — to ensure that researchers can access and re-use existing data for
research purposes. A single market for data - also to the benefit of researchers —
will enable data-intensive research for the development of solutions for the green
transition, while reducing the consumption of resources needed for the collection

and storage of new data.

3. Recommendations for funders

3.1.Given the need for research to enable a climate-friendly, fair and digitised society,
it is critical that funders recognise the value of subjects in the whole disciplinary
spectrum as important for the twin transition. It is essential to recognise that we
do not know what new problems will arise, what solutions we will need, and what
knowledge we will need to develop towards the end of this century. Hence, funders
must recognise the value of open research arenas inviting the entire disciplinary
range of university research, and not just ideas which directly pertain to the green

and digital transitions.

3.2.Funding programmes that currently focus on addressing environmental sustainability
or digital research should additionally focus more on the linkages between the two,
encouraging researchers to explore the dynamics and the strength of the digital
transition to shape a sustainable future, and make sure that “the digital part of the

world” becomes greener.

3.3.Ensure that the EU Missions under Horizon Europe go beyond public relations
exercises fostering ambitious long-term research goals, to enable researchers to
tackle complex societal challenges connected to the twin transition. Noting that the
key purpose of a mission is to provide systemic transformation through research,
we propose an EU Mission towards 2040, for the development of the future energy
system. This mission would require significant investment in research, including
fundamental research. Therefore, this recommendation will be relevant only if the
EU Mission model proves to be effective in mobilising various sources of funding to

allow for high-risk high-reward research.



1. Introduction

If the digital transition is to enable the green transformation of Europe’s society, what is
needed? And how can research address those needs? How should a digital research agenda

underpin Europe's twin transition?

This paper contends that, regardless of how prominent the digital transition of society is as
a political objective, it is happening in practice. The fundamental question therefore is not
whether this should happen or not, but what kind of digital transition we need, and how it

should come about.

Most recently, the Intergovernmental Panel on Climate Change (IPCC), and in particular the
content and recommendations in the latest publications under the Sixth Assessment Report,
have outlined the existential threats we face through climate change, and its consequences,
e.g. on ecosystems, biodiversity and human communities at both global and regional levels.'?
There is no doubt that radical action is needed, as the IPCC3® emphasises: to achieve the
global climate targets in the Paris Agreement, “rapid and deep and in most cases immediate”

global greenhouse emission reductions are necessary across all sectors.

In fact, the work by the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) reinforces the urgency of addressing the loss of biodiversity,
but it raises an important question in relation to the digital transition. It highlights that
communities are becoming more and more similar to each other in managed and unmanaged
systems, within and across regions.* The decline of the local high street caused by global
online retailers, or the massification of food production with a focus on high yields, do not
just have cultural consequences; they have deep environmental costs. How can we avoid

global digital solutions accelerating the growing assimilation of everyday life?

It is clear, then, that the ongoing and comprehensive digital transition of society must avoid
any negative impact on the green transition. It must in turn reinforce the green transition. But
in addition, the digital transition itself must become greener. Based on our understanding
of the dynamics and strength of digitalisation we discuss how the digital transition can
contribute to the green transition, and how these two transitions can influence and reinforce

each other.

While the digital and green transitions are a key challenge for every country, the European
Commission has articulated the European Green Deal as a cross-cutting objective, with the aim
of transforming the European Union (EU) into a resource-efficient and competitive economy.
The Green Deal'’s aims stipulate that there should be no net emissions of greenhouse gases
by 2050, and that economic growth must be decoupled from resource use. Both green and
digital transitions have been core priorities of the European Commission, particularly since

20195, but the connection between them has been much less apparent.
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The European Green Deal clearly highlights the need to “leverage the potential of the digital
transformation, which is a key enabler for reaching the Green Deal objective”.® The European
Commission’s communications for a European Growth Model towards a Green, Digital and
Resilient Economy’ and for Shaping Europe’s Digital Future® follow a similar approach. They
all acknowledge the need to support the development of digital solutions and the greening
of digital technologies and infrastructures in order to underpin and accelerate the green
transition. The Council of the EU, in its 2020 conclusions on Digitalisation for the Benefit
of the Environment’, supported the ambition of the European Commission to address the
twin challenges Europe faces. The relationship between the two transitions, however, is

postulated rather than articulated.

It is essential, we argue, to articulate what kind of digital transition we need in order to
achieve the European Green Deal objectives. Moreover, we need much more clarity on what
we can already implement and achieve if the political will exists; and what objectives require

new knowledge through research, knowledge that does not yet exist.



2. The twinning of the twins

The digital transition of society has been with us since the number system was invented
many thousands of years ago, but it is also fair to say that digitalisation really started with
the invention of the computer. The transition escalated sharply after the Internet became
part of everyday life, accelerated further by the fact that all kinds of data-producing sensors
became ubiquitous. An exponentially growing flow of data has been with us for a couple of
decades and will continue in full force for the foreseeable future. The amount of data, and
the complexity and the speed at which it is produced, are clearly important issues to handle.
The flow of data transforms society from small incidents in our everyday life to how the

international community addresses huge global challenges.

The digital transition of society consists of all processes at all levels
in society involving infrastructure, services, applications and human
behaviour that depend on the digital representation of knowledge

and computer power.

The digital transition of society has created various types of convergences and coincidences
between disciplines and sectors, which in turn have led to new challenges and the need for
new digital solutions. A well-known example is the merging of telecommunication networks
and the Internet. As more and more devices are connected, security issues have changed
and become more severe. The need for new systems architectures has also become evident

as digital systems have become more and more connected across the Internet.

Moreover, machine learning and systems supported by artificial intelligence (Al) appear
almost everywhere, and this again has given rise to numerous interdisciplinary challenges
over the past decades. In our everyday life, for example, we increasingly often talk to robots,
and all new cars are equipped with some kind of driving assistance. Al systems have the
potential to improve the accuracy of medical diagnostics (e.g. analysis of x-ray pictures) while
digital health solutions present opportunities to increase accessibility to healthcare — even
in remote areas (if people benefit from appropriate connectivity), bolstering personalised
medicine, enabling preventive health, and ultimately improving both the effectiveness and

efficiency of healthcare systems in Europe.

Digital systems increasingly converge and coincide, and are often commercially driven. They
make it all the more important to support, underpin and challenge (where necessary) these
accelerating changes in everyday life through independent, publicly funded research. Without
such research, we would lose the capacity to drive the digital transition in the directions
we want, independent of commercial interests. The more the digital transition is driven by
commercial actors, the more crucial it is to invest in publicly funded research that focuses on

digital research as a public good (See recommendation 2.2).

10
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Given the overwhelming societal challenge of environmental sustainability, it is clear that the
green transition must affect the digital transition of society, while digital solutions must in

turn support environmental sustainability.

In the face of the green transition, we also have to reduce the energy footprint of the
digital solutions themselves, including their underpinning infrastructures. In this picture it is
necessary to reduce energy consumption on a broad basis from where data are collected,
via data transport and storage to high-performance computing facilities. Equally important is
how we develop socially acceptable digital solutions that support the green transition, hence
social sciences, arts and humanities (SSAH) have to play an important role. In fact, we have
to overcome major challenges caused by the digital transition, for instance the evolution of
cryptocurrencies, and how social media store and use data. Put simply, the digital part of the

world has to become greener while at same time enabling a green, climate-resilient society.

In turn, the green transition of society will also accelerate the digital transition. Its impact
may well exceed that exerted on digital technologies by large global businesses, medicine
and healthcare, and military activities. Digital research and technologies offer solutions to
monitor, adapt and reduce the impact of climate change. Indeed, the complexity of the
green transition is also at a level that requires fundamental research both disciplinary within
the digital domain and interdisciplinary where digital research plays an important role. Energy
informatics is a typical example of where core computer science is coupled with a deep
understanding of the evolving energy systems. Moreover, high-performance computing,
data management and advanced visualisation have been and are crucial to understanding
climate change and its effect on nature. The need to address climate change will become an

ever more important driver for the kind of digital transition we want to see.

The European Green Deal targets climate neutrality by 2050, with a 55% reduction in
greenhouse gas emissions by 2030.¢ These are ambitious goals, and it is far from clear how

they can be achieved.

The green transition of society is about reducing greenhouse gas
emissions, preserving and restoring nature, reversing environmental
degradation and ensuring that the majority of energy comes from
renewable sources.

Global warming, with all its severe consequences?, has occurred in step with the world'’s
growing population and increasing consumption of fossil resources. The green transition is

therefore strongly linked to the reduction of greenhouse gas emissions.

At the same time, the green transition must go further, and address the conservation and
restoration of nature —on land and in water. Demographic growth and enormous consumption
of the Earth'’s resources have over the past decades caused environmental degradation and
severe loss of biodiversity across the globe. The Earth’s total amount of biological resources
and biodiversity has fallen sharply. This development is well documented and broad actions

are needed.*
11



At present, research and innovation are integral to the Green Deal. In particular, they have
been ascribed an important role in “accelerating and navigating the necessary transitions”,
“deploying, demonstrating and de-risking solutions”, and “engaging citizens".'® However,
this is a very reductionist view of research and innovation, focusing, at its most ambitious

level, on an acceleration of known solutions.

It is nevertheless inconceivable that societal transformations on the necessary scale can come
about without new knowledge across all parts of our lives, from energy production to use
of energy throughout the society, from environmental protection to individual and societal
behaviours, etc. This paper aims to demonstrate, by discussing a range of research challenges,
that simply instrumentalist approaches to research that focus primarily on innovations to

known solutions will not do for the digital and green transitions — the twin transition.

The term “twin transition” stems from the work with the European Green Deal and the
understanding that the two transitions, digital and green (the twins), are everywhere and for
everyone. They are umbilically linked, even if they also have their own individual dynamics

and trajectories.

The twin transition is about how the dynamics and strength of the

digital transition of society affect the green transition of society, and

how these two transitions mutually influence each other and should
be combined in the coming years.

The time perspective for the twin transition will be many decades ahead, and the twin
transition will, most likely, transform our lives. But the umbilical connectivity between the
two transitions cannot be postulated, it must be established and translated into action. What
exactly is the relationship between the green and digital transitions in practice? How do they
affect each other, and how could they be made to reinforce each other in optimal ways? And,
finally — what research do we need to ensure that we bring these transitions together, and
that the digital transition reinforces the green transition optimally? Without more research,
neither goal will succeed on its own: research is all the more important if we wish to “twin’

the twins.

We are not covering education and teaching in this paper. However, as research and
higher education are closely linked it is important to also develop twin transition content in
education programmes and appropriate pedagogies so that the workforce of tomorrow get
twin transition knowledge and skills (See recommendation 1.3)."" For the same reason, it is
important to expose students in computer science, data science and computational science
to important green challenges, both challenges imposed by the digital solutions themselves
and the challenges that can be solved by the next generation of digital solutions. Conversely,
those studying green challenges should be given the opportunity to learn about computer
science, data science and computational science, both as means to contribute to the green
transition and as disciplines which should further integrate the sustainability perspective in

the development of energy-efficient digital solutions.

12
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3. A climate-friendly digitised

society

The global digital infrastructure and all digital solutions, large and small, account for more
than 10% of all energy consumption in the world. Around 30% of this is used by ordinary
computers, mobiles and other equipment, 30% by data centres and 40% by the digital
networks (Internet) transporting data around the world.” Recent estimates also tell us that
the world produced 74 zettabytes (27°) of data in 2021 and that 90% of all data stored was
produced over the last two years. Furthermore, it is indicated that the annual production
of data will double by 2025."° A large proportion of this enormous data collection is
carried out by global tech companies. The large generative language and image models
that have been launched during the past year are recent examples of digital solutions that
consume huge amounts of energy, both when the models are generated and when they are
used. Governmental bodies are also huge producers and consumers of data. There is, of
course, a certain degree of uncertainty associated with these estimates, but the numbers
are nevertheless disturbingly large. The consequence is that digital infrastructure and all
digital solutions, including data production and distribution, contribute to greenhouse gas

emissions at the level of the aviation industry.

Europe must make sure that the digital transition itself approaches climate neutrality. This
requires a strong and dedicated research agenda for the creation of new and more energy-
efficient processors, climate-resilient high-performance computing and data storage, edge
computing based on local energy harvesting, re-use of materials and in particular rare
minerals, and extensive data sharing across institutions, sectors and countries. It is important
to ensure that the most energy-intensive tasks use renewable energy and are located close
to power plants producing renewable energy in order to reduce energy loss. Moreover,
energy-intensive tasks such as high-performance computing produce heat that should be
re-used by appropriate consumers of heat, e.g. district heating or land-based fish farming.

Clearly, we need the green transition for the digital transition itself.

To help achieve the green transition of digital and information technologies (IT), various

actions are needed:

e Establish green computing facilities: For many good reasons European national
and regional governments as well as the EU are investing in high-performance
computing facilities. These investments should be optimised with respect to
greenness and location is particularly important. High-performance computing
facilities should therefore be built at locations with direct access to renewable
energy and at locations where there are opportunities for re-use of surplus energy.

Short distance transportation of energy also reduces loss of energy. Therefore, it

14
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is crucial that the decisions for public investment in digital infrastructures (e.g.,
as part of the Digital Europe programme or by the European High-Performance
Computing joint undertaking) are based on thorough environmental impact
assessments. Public funding bodies must also require that those infrastructures
that benefit from their financial support have in place strategies and actions to
prevent or mitigate their negative environmental impacts (See recommendation
3.2).

EXAMON

The main objective of the EXAMON project is to develop and deploy a scalable
infrastructure for performance and energy monitoring of high-performance
computing facilities. The monitoring infrastructure is implemented as a digital twin of
the actual high-performance computing system using artificial intelligence techniques
to improve management, performance, reliability and energy consumption of the
system. The artificial intelligence techniques used range from machine-learning
methods automatically detecting faults and anomalies in the high-performance
computing system to the generation of more sophisticated scheduling mechanisms

and allocation policies aimed at reducing energy consumption.

The project is conducted at the University of Bologna and CINECA.

e Develop more energy-efficient algorithms and software: Large calculations
using powerful computers have been important for many decades and are
increasingly used to understand and solve new challenging tasks, e.g. within
artificial intelligence. We must ensure that the algorithms that are developed
are implemented so that they are as energy-efficient as possible. An algorithm
activating fewer operations will, in principle, consume less energy when
implemented. Fundamental research is necessary to develop more energy-
efficient algorithms (See recommendation 2.5). Moreover, it is also important
that universities should enhance their institutional capacities and become better
at rationalising with computer power, especially for the most energy-consuming

calculations (See recommendation 1.1).

e Store and transport less data, share more data: Data storage requirements
and transport of digital information across the world are huge and increasing.
Can this trend continue? Strictly speaking, no one really knows how to reduce the
amount of data stored and transported across the world. However, if we want to
do something, different measures at many levels in society can be implemented.
Not only universities but also governmental bodies, units in the public sector and
companies should develop data storage strategies that reduce data production
and minimise the use of active storage media. Attitude campaigns aiming to

reduce unnecessary use of messages (e-mails, SMS, etc.) and the comprehensive

15
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use of mail-boxes as archives should also be carried out. Last but not least,
researchers and research-performing organisations have to share more data in
joint repositories. There are many research questions connected to data sharing,
e.g. what kind of data and system architectures are needed for efficient and
sustainable data sharing? In line with its Strategy for Data and relevant ambition to
accelerate the development of a single market for data in Europe', the European
Commission should pursue its efforts to establish “common data spaces”,
including the European Open Science Cloud, and remove the existing regulatory
obstacles to data flows (including companies imposing unfair conditions to the
data they collect). EU policy initiatives and actions should similarly promote
and enable altruistic-based data sharing while ensuring sufficient protection of

individuals' privacy (See recommendation 2.6).

Reduce data volumes as early as possible - edge computing: The purpose of
edge computing is to clean and remove data close to where data is produced,
mostly produced in sensors that are located at the edge of some suitable network.
Successful edge computing will in general help reduce data volumes. However,
as more and more sensors are put into operation we also need to work with many
sensors at the same time, hence do edge computing across networks of sensors.
As for the creation of efficient algorithms for high-performance computing (see
above), software engineering skills are important when developing efficient
algorithms for edge computing. Since artificial intelligence solutions are an
important part of edge computing this area of research is also referred to as

“edge intelligence”.

Make plans for digital waste disposal and recycling of digital equipment: The
handling of digital garbage is becoming increasingly important and it is becoming
ever more important to re-use old equipment and valuable materials, including
rare minerals. Even here we need to invest in far more research to ensure that we

find optimal ways to re-use and recycle valuable materials."

16
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Reconcycle - Self-reconfiguration of a robotic work-cell for the recycling of

electronic waste

This project investigates how to automatically recycle electronic waste. Electronic
waste often contains explosive, poisonous or otherwise harmful components. Those
are commonly removed manually, which is slow, dangerous and unhealthy for the
workers. The main goal of the project is to improve output and reduce risk by using
robotic automation. In particular, the project addresses the problem that electronic
waste comes in many variants and many degrees of “brokenness”, which creates a
very hard problem for automatic disassembly because robots need to “understand”
the situation in front of them and to react flexibly to different types of device and
their state. The project investigates the appropriate sensor mechanisms for this
and designs relevant robotic control hardware and software, which is compatible
with and non-harmful to humans working together with the robot in a disassembly

process.

The following institutions are involved in the project: Jozef Stefan Institute
(coordinator), University of Gottingen, Technical University of Munich and

Electrocycling GmbH, Istituto Italiana di Tecnologia, and gbrobotics srl.

Robot with

Cutting device SoftHand

Rotating vise Discarded housings

“Worker” robot
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* Producing more energy-efficient computer chips and quantum computing
might solve a few problems: Computers are constantly improving at the
micro-level, including in their use of energy. However, as long as the growth in
the use of computers is as large as it is, the total consumption of energy will
not be reduced. It is difficult to predict precisely, but there is reason to believe
that, within 10-15 years, the world will have quantum computers solving certain
types of computational problems. These computers can, most likely together
with conventional computers, potentially provide significant gains with respect to

energy use when solving certain tasks.

Neuromorphic Computing

To achieve a substantial reduction in the energy consumption of computers, new
computer architectures need to be developed. Neuromorphic computing uses the
human brain as inspiration for the development of new architectures. The objectives
are to explore new materials for computer hardware that share the energy-efficient
properties of the brain. The research is multidisciplinary, involving i) investigation
of how new material can form the basis for a new chip design that mimics synaptic
connections in the brain, ii) research in artificial intelligence/machine learning
for learning and adaption purposes, and iii) mathematics for the investigation of
computational properties of networks. How can memory and computing be located
together, and how can more energy-efficient information transport be achieved, are

two out of many questions in this work.

The project is conducted at the University of Groningen with partners from ETH
Zurich, IBM, University Twente, Technical University Eindhoven, and University of

Waterloo.
ADOPD - Adaptive Optical Dendrites

This project investigates how to use mechanisms known from neuronal processing
in conjunction with ultra-fast optical computing hardware, using optical fibres and
other components, to speed up calculations and at the same time reduce energy
consumption. Dendrites in neurons are known to be highly condensed and adaptable
“processors” in the brain. This project transfers some of the dendrites mechanism
into optical hardware. The goal of the project is to demonstrate that selected
operations in computers can be replaced by these optical solutions and improve
speed and efficiency of calculations. The environmental impact of the project is a

massive reduction in energy use compared to conventional computers.

The following institutions are involved in the project: University of Géttingen
(coordinator), CSIS, University of the Balearic Islands, Graz University of Technology,

and Weinert Industries in Germany



https://www.rug.nl/research/fse/cognitive-systems-and-materials
https://alexandria.physik3.uni-goettingen.de/adopd/project.php

The Twin Transition Centruy

It is an open question whether the capacity to “green” data handling and computing can ever
keep up with the global demand for increased use of data and computing. Acknowledging
this important tension is the first step in recognising the scale and importance of the task we
face. Creating a climate- and nature-friendly digitised society, therefore, requires far more
sustained investment in research, including fundamental research, in core computer science,
data science and computational science (See recommendation 2.3). This is necessary for
making “the digital part of the world” as green as possible and for optimising the twinning

of the twins.

Fundamental research especially will be crucial in developing cutting-edge digital
technologies that, while ensuring a human-centered digitalisation, can contribute to building
a green digital world. Europe must strengthen its capacity to anticipate, address, mitigate
and solve present and future (sometimes unforeseen) public emergencies caused by the
climate change and the environmental degradation. To achieve this, it is crucial to foster
further fundamental, curiosity-driven and high-risk high-reward research that will allow for
the development of the needed game-changing breakthrough innovations. For instance,
investment in fundamental research will enable research organisations, including universities,
to explore possible alternatives to materials for which supply is limited or whose supply
chain is uncertain and vulnerable to geopolitical contingencies. These alternatives are still
unknown, but this is the very reason why Europe needs support for free, curiosity-driven and

frontier research and a balance between core institutional funding and challenge-oriented

funding instruments: to explore the unknown (See recommendations 2.4 and 2.5)."




4. Digital research enabling the

green transition

The scale of the challenge of aligning the digital transition with the green transition is
apparent through the challenge of ‘greening’ digital solutions alone. But we also need to ask

how digital research and solutions can enhance the green transition of society more broadly.

Fundamental long-term research in the breadth of sciencesis needed to meet future challenges
and create a sustainable future for all (See recommendation 2.5). In the past, investment
in open, free and independent research has provided breakthrough knowledge that has
been indispensable for Europe’s green transition. Thus, the European Research Council, for
instance, has made essential contributions to the Green Deal'™ by funding breakthrough
research that has developed new computational models to simulate sea level changes,
articulated legal frameworks to enhance environmental compliance, and improved green
energy production by making solar cells more efficient. It is critical to keep funding frontier
research in an open way, not least because it allows scientists to identify cross-disciplinary
challenges that can expand our boundaries of critical knowledge — far more effectively than

any politician can (See recommendation 2.4).

That said, there are some important research areas in the digital domain that point directly
to the green transition, hence being central in the twin transition of society. This study seeks
to identify some of the key areas, to alert policymakers to the rich array of research domains

that need support to foster a successful green transition.

Data science and computing are central, as the green transition is largely about understanding
natural and human-made phenomena, extracting knowledge from data, and using this
understanding and knowledge as a basis for actions. Our understanding of climate change
is based on huge computational models capturing numerous physical phenomena that show
how the Earth's atmosphere behaves and develops based on natural and human-made
impact. Major findings and recommendations from the IPCC are based on extensive data

analysis and high-performance computing.

We constantly need to understand more, hence more fundamental research is important
to understanding and predicting human impact on ecosystems, both locally and globally.
We are living in a complex world in constant change. Fundamental research has been and
will be the most important tool for understanding changes and resolving complexities (See

recommendation 2.5).

In order to better understand climate change, its short and long-term effects, and the actions

it requires, it is important for research organisations as well as government bodies to collect
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and evaluate vast amounts of data, for example, data about climate, weather, atmosphere,
soil, forests, natural resources, pollution, etc. Combined with deep knowledge in many
disciplines within natural sciences, progress in data science and computing will be of crucial

importance in the coming decades.

Machine learning and artificial intelligence are increasingly used to support the green
transition of society, e.g. to understand environmental data, increase efficiency of weather-
dependent energy production, and to make climate predictions more accurate. Equally
important as developing and using machine-learning algorithms and artificial intelligence
are basic issues related to how knowledge should be efficiently and correctly represented.
Moreover, data management covering aspects such as data curation and structuring
huge data sets should be prioritised. Progress in computational mathematics, information
modelling, digital twin technologies, robotics and quantum computing will play a role in
shaping the green transition in coming decades. As machine-learning algorithms and artificial
intelligence systems are increasingly used, we must also pay closer attention to questions

about uncertainty, explainability and ethics.

London Air Quality

Air quality in London has improved in recent years as a result of policies to reduce
emissions, primarily from road transport; however, further improvements are critical
to public health. By utilising city-wide air quality sensors this project is developing
machine-learning algorithms, statistical methodology and data science platforms
to understand and improve air quality across London. Data and air pollution
measurements from various heterogeneous sources are integrated in order to better
estimate and accurately forecast air pollution across the city of London. The project
is developing state-of-the-art machine-learning models for high resolution air quality
forecasting and change-point detection. This will help establish the most effective
places to site future sensors, inform citizens about air quality and help design
and evaluate government policy targeting interventions that reduce the levels of

pollution in key areas and at key times.

The following institutions are involved in the project: University of Warwick, The
Greater London Authority (GLA), The Alan Turing Institute, Microsoft, and Transport
for London (TfL).
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Connectivity sciences is the collective term for research topics within computer science that
cover mechanisms for transport and distribution of data/information in digital networks, and
how distributed digital solutions work across nodes in these digital networks. This is critical
because our lives are increasingly reliant on the interplay between different complex systems.
Typical examples of systems with such complexity include global payment systems and their
connection to digi