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1. Introduction

The EU has embarked on a green and digital transition. The two dimensions are closely
interrelated, and the Commission has taken the lead to drive these transitions and to focus
investments on recovery and resilience efforts in these areas. In relation to the green
transition, pollution has been identified as one of the four major planetary crises alongside the
climate, biodiversity and resource crises.! Pollution affects our health and our environment; it
threatens our natural environment and is one of the major reasons for biodiversity loss. The
Commission’s Zero Pollution Action Plan for air, water and soil?> addresses the pollution
challenge in view of achieving the zero pollution ambition for a toxic free environment,
complementing the Chemicals Strategy for Sustainability towards a Toxic-Free Environment
(CSS)3.

The 2019 European Green Deal* recognises the potential of digitalisation to achieve the
environment and climate aims and the necessity to explore sustainable digital technologies as
essential enablers of the changes needed for a just green transition. Reference is made to
digital technologies such as Artificial Intelligence (Al), 5G, cloud and edge computing and
the Internet of Things (IoT) as having the potential to accelerate and maximise the impact of
policies to protect the environment and to address climate change’.

In February 2020, the Commission adopted its new Digital Strategy (‘Shaping Europe’s
Digital Future’)® along with its first two pillars: the European Data Strategy’ and a White
Paper on Artificial Intelligence.® The European Digital Strategy sets a vision for a transition
to a healthy planet and a new digital world. It emphasises the need for the twin challenge of a
green and digital transformation to go together, and points to the digital component as key in
reaching the ambitions of the European Green Deal.’ It also recognises that digitalisation
contributes to environmental degradation, e.g. through high energy and resource use and that
these impacts need to be reduced. The European Data Strategy recognises the need for
availability of data for the public good. Among other uses, the Data Strategy indicates that
data can serve to address societal challenges, combat environmental emergencies and to
tackle environmental degradation and climate change. It sets an objective to capture the
benefits of better use of data. Ensuring the availability of data and improving data usage are
essential for tackling these societal, climate and environmental challenges.!® The White Paper
on Artificial Intelligence acknowledges the potential of Al to find solutions to societal
challenges such as environmental degradation.!'! However, Al technology also has a
significant environmental footprint, and these environmental impacts of Al systems
throughout the whole AI lifecycle are addressed in the Coordinated Plan on Artificial
Intelligence 20212, Finally, the Commission’s new Industrial Strategy for Europe'? points to
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the twin ecological and digital transitions and the role of new technologies in supporting a
sustainable transition. The Industrial Strategy also indicates the need for investment and
innovation to deliver these new technologies.!* It illustrates the significant business
opportunities in these areas.

Reacting to the Commission’s initiatives, the 2020 Environment Council conclusions'® on

‘Digitalisation for the Benefit of the Environment’ recognise the huge potential digitalisation
offers in reaching the goals of the European Green Deal. In its conclusions the Council
concurs with the Commission on the potential of the twin green and digital transition and
emphasises it is a necessary approach to economic recovery after the COVID-19 pandemic.
The conclusions stress an inclusive digital transition which limits the negative impacts of
digitalisation while fully exploiting the opportunities of digitalisation. The conclusions also
point to topics where the EU needs to act to best achieve the twin transition, giving the
Commission political guidance on areas in need of specific attention.

One of the areas the Council encourages the Commission to act in are digital solutions for
zero pollution. The conclusions encourage the Commission ‘fo develop an ambitious policy
agenda for using digital solutions to achieve the zero pollution ambition’.'® By translating
this request of the Council into practice, this document intends to give Member State
administrations at all levels, the private sector and civil society an introduction to some
available digital solutions for a better understanding of existing pollution challenges, to show
examples and opportunities of applying digital technologies for pollution prevention and
reduction while avoiding rebound effects, to guide towards available funding and investment
opportunities and to encourage the take-up of these digital solutions to achieve the zero
pollution ambition. In the same breath, the Commission will indicate, e.g. through
development of a common open data platform on chemicals as announced under Chemicals
Strategy for Sustainability, how digital solutions are applied to increase effectiveness and
efficiency of processes assessing and managing chemical risks by the Commission, EU
Agencies and the Member States authorities. Moreover, the document presents some
examples of national strategies for green and digital transformation with the focus on
highlighting digital zero pollution solutions. All this aims to inspire and promote the uptake
and further development of clean digital solutions across the public and private sectors, and
to help guide investments and encourage innovation and business opportunities in these areas.

New digital technologies are transforming every aspect of our lives. With the increasing use
of sensors and IoT, data collected by satellites, GPS, Galileo - the European Global
Navigation Satellite System, and social networks, we have seen a tremendous growth of data
generated that — when combined with digital infrastructure and Al solutions — can facilitate
evidence-based decision-making and expand our capacity to understand and tackle climate
and environmental challenges. Data, algorithms and insights can provide actionable evidence
on the state of the environment and interactions between the economy, society and the
environment. If effectively leveraged, digital technologies can contribute to overall emissions
reductions by up to 15%.!”
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The open public consultation on the Zero Pollution Action Plan looked at two questions on
digital solutions for zero pollution seeking to gather views of experts on the digital tools and
services and how they can be used for achieving the zero pollution ambition'®.

In response to the first question, 36% of the respondents completely agree with the statement
that significant investment is needed in innovation and digitalisation to help achieve the ‘zero
pollution ambition, followed by that digital solutions offer significant potential for reducing
pollution (27%). Opinions diverge more when it comes to the statement on the use of digital
tools by administrators to trace pollution and inform the public, where only 5% of the
respondents completely agree and 12% completely disagree. Similarly, 12% of the
respondents completely disagree with the statement that administrations are using digital
tools to implement EU pollution legislation and enforce rules on the ground.

In response to the second question, nearly half of the respondents (48%) completely agree
that information about pollution for consumers and businesses is an area with a big potential
for pollution prevention, reduction and remediation. This is followed by data generation and
monitoring of pollution (46%), data analytics and artificial intelligence (36%) and data
transmission and management (32%). Based on the share of ‘I don’t know’ responses,
respondents are least sure about the potential of digital twins and models (42%), blockchain
and distributed ledger technology (37%), and 3D printing or additive manufacturing (33%) as
areas with a big potential for pollution prevention (see Figure 1).

Information about pollution for consumers and
businesses (e.g. pollutants present in products
through product passports) (N = 500)

Data generation and monitoring of pollution (e.g.
through remote sensing) (N = 500)

Data analytics and artificial intelligence (N = 498)

Data transmission and management (N = 497)

Changing work organisation, shifting from
physical to digital solutions (e.g. teleworking) (N
= 495)

Internet of things (IoT) (N = 487)
Online platforms and cloud systems (N = 494)

Blockchain and distributed ledger technology (N =
488)

Digital twins and models (N = 494)

3D printing or additive manufacturing (N = 493)

0% 20% 40% 60% 80% 100%
m Completely agree Somewhat agree Neither disagree nor agree
Somewhat disagree Completely disagree 1 don't know

Figure 1: Feedback on the online public consultation on the question: “In your opinion, what are the
areas of digital application with the biggest potential for pollution prevention, reduction and
remediation?” (Ecorys 2021, see footnote 18)

18 Ecorys (2021): “Consultations on the EU Action Plan towards a zero pollution ambition for air, water and
soil”, Synopsis Report (see ‘Have your say’ portal’).
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This paper will first discuss the role and relevance of pollution data!® in section 2, and section
3 will point to possibilities digitalisation can provide in different areas and provide concrete
examples of digital solutions already in use in different sectors. Section 4 will give an
overview of available funding and investment opportunities. Finally, the last sections of this
paper will discuss the pollution risks related to digital solutions (section 5), give some
examples of Member State strategies with relevance for this paper (section 6) and provide
some concrete recommendations on how to further the use of digital solutions to achieve the
zero pollution ambition (section 7). Annex I of this paper will give a short overview of
available digital technologies that can help reach the zero pollution ambition. The
technologies listed in Annex I are not necessarily the only available technologies that can be
deployed for such use, and new digital solutions are constantly being developed.

While processes related to monitoring and reporting as required by existing EU policy
frameworks benefit from opportunities provided by digitalisation, these specific processes
will be discussed by another Staff Working Document®® accompanying the Zero Pollution
Action Plan for Air, Water and Soil*'.

2. Pollution risks from digitalisation

Although the environmental benefits of digital solutions can largely outweigh their negative
environmental impacts, the pollution risks related to digitalisation should not be overlooked.
This section will give a brief overview of negative environmental impacts of digitalisation.
Digital solutions need to be deployed sustainably and possible rebound effects avoided and
addressed.

Digitalisation has a significant environmental footprint with the main impacts linked to
energy and resource use. Different studies estimate the total greenhouse gas emissions of the
ICT sector as a whole between 2-4% which accounts, e.g. for 8-10% of the European
electricity consumption??. Part of this energy demand is used to generate, store and use data.
Some of this energy is used by digital technologies such as blockchain and artificial
intelligence, which can be deployed to aid the environment, but also consume a lot of
energy”’. Additionally, with 16kg of e-waste per person in 2019, Europe is the continent with
the highest per capita waste generation** and although it is also the continent with the highest
rate of formal e-waste collection and recycling, we currently recycle only around 40 % of our
e-waste.?

As data flows increase, the energy consumption of data centres is bound to grow. Within the
EU, data centres accounted for 2.7% of electricity demand in 2018 and will reach 3.2% by

19 In the context of this document, the term pollution data is to be interpreted in a wide sense meaning all data
relevant in one way or another for the measurement and understanding of pollution, be it data on the actual
emissions or data on background conditions of soil, water or air.

20 SWD(2021) 141: ‘Towards a monitoring and outlook framework for the Zero Pollution Ambition’
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22 See e.g. Lotfi Belkhir and Ahmed Elmeligi (2018), ICTfootprint or the SHIFT project

23 https://emagazine.com/environmental-effects-of-blockchain/

24 https://globalewaste.org/map/

25 Circular Economy Action Plan (2019) https://ec.europa.eu/environment/circular-
economy/pdf/new_circular_economy action_plan.pdf



https://www.sciencedirect.com/science/article/pii/S095965261733233X
https://ictfootprint.eu/en/about/ict-carbon-footprint/ict-carbon-footprint
https://emagazine.com/environmental-effects-of-blockchain/
https://globalewaste.org/map/
https://ec.europa.eu/environment/circular-economy/pdf/new_circular_economy_action_plan.pdf
https://ec.europa.eu/environment/circular-economy/pdf/new_circular_economy_action_plan.pdf

2030 if development continues on the current trajectory.?® Beyond energy consumption, data
centres are also significant consumers of electronics and producers of electronic waste. The
European Green Deal aims for the EU to become climate-neutral by 2050, and the Digital
Strategy has announced ‘initiatives to achieve climate-neutral, highly energy-efficient and
sustainable data centres by no later than 2030 and transparency measures for telecoms
operators on their environmental footprint.” The Commission is currently exploring a number
of policy options to achieve this objective.

Today’s data centre landscape is a mix of large actors who commercially sell their capacity
(often non-EU but with infrastructure operated in the EU) and actors who own their own data
centres, notably many publicly owned data centres (hospitals, universities, public
administrations etc.). The former are already fairly energy-efficient because of their own
cost-cutting efforts, to the point where some already claim to be ‘highly’ energy-efficient;
whereas the latter often lack the skills and technological and financial means to increase their
energy efficiency. Over the last decade, efficiency gains have allowed keeping the increase in
energy consumption under control, but the potential to unlock these gains is becoming
smaller. The assessment of potential measures will be further supported by a study ‘Greening
cloud computing and electronic communications services and networks: towards climate
neutrality by 2050’27 which also looks at the wider environmental impacts. This study will
feed into the on-going review of the Energy Efficiency Directive (EED)?® and the Industrial
Emissions Directive (IED)? and help assess whether also data centres should be covered by a
similar permitting regime as industrial plants, with a view to minimise their harmful
emissions/impacts.

The environmental impacts of digitalisation linked to pollution are less researched than the
climate and energy impacts of digitalisation. A literature review>® looked specifically at
evidence of environmental impacts other than energy use and greenhouse gas emissions.
Most of the pollution-related risks were indirect, in particular linked to the extraction of raw
metals (cobalt, palladium, tantalum, silver, gold, indium and magnesium and other critical
raw materials (CRMs)) as well as the production of microelectronic components. This is
often analysed in life-cycle analysis (LCA) of ICT goods (e.g. phones, tablets, etc.), data
centres or transmission networks. According to these LCAs, this contributes to fossil
depletion, abiotic resource depletion, global warming, freshwater eutrophication, human
toxicity, freshwater toxicity, marine toxicity, and terrestrial toxicity for ICT hardware?!.
However, available LCA studies applied to ICT are often not homogeneous or consistent,
adopting disparate methodological choices. It is envisaged to promote in future the
harmonisation of these LCA studies with the method for the calculation of the EU Product
Environmental Footprint.

26 Commission study ‘Energy-efficient Cloud Computing Technologies and Policies for an Eco-friendly Cloud
Market’, SMART 2018/0028

%7 ongoing project

28 Directive 2012/27/EU

2 Directive 2010/75/EU

30 Oko-Institute (2019): Impacts of the digital transformation on the environment and sustainability

31 Oko-Institute (2019): Impacts of the digital transformation on the environment and sustainability, p.80

32 https://eplca.jre.ec.europa.eu/Environmental Footprint.html
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Additionally, the potential risks to human health and the environment related to the
production and use of chemicals needed for digitalisation should be recognised, while being
already addressed under the relevant chemicals legislation.*?

Furthermore, cooling water used in data centres can also be a concern causing heat and
chemical pollution in rivers or lakes and having an overall large footprint on water
consumption. E.g. a company’s plan to build a vast data centre in central Luxembourg hit the
headlines®* because of concerns on the data centre’s water consumption. It was estimated that
the data centre’s operation requires 10 million litres of water per day, which is about 10% of
the country’s overall water consumption with the excess heat being discharged into the river.
The total amount of industrial waste heat in the EU is estimated to be 3,140 TWh. Waste heat
from data centres is in the order of 56 TWh (2%)%.

This is also one of the reasons why data centres require an environmental permit in some
Member States such as Finland and Ireland.*® During environmental permit consideration, the
matters examined can include topics such as air emissions from diesel generators, storage and
loading of generator fuel and other chemicals, water use and sewerage, noise, transport, waste
including hazardous waste such as heavy metals and oils, impacts on soil and groundwater
and impacts of water-cooled data centres on the receiving water bodies. The focus of the
examination ultimately depends on the volume of the data centre’s operations, its location,
cooling and backup power solutions and other aspects.’ In practice, permit regulations in
Finland are issued particularly on the storage and treatment of waste and hazardous
substances and on generator emission limits and, in the case of water-cooled data centres, the
conveyance of water into water bodies. Air emissions from diesel generators with a rated
thermal input equal to or greater than 1 MW are addressed by the Medium Combustion Plants
Directive.*®

Finally, e-waste contains precious materials and hazardous substances. Although the exports
of e-waste to non-OECD countries are banned, a portion of the unaccounted e-waste goes to
informal disassembly in developing countries, primarily in Africa and Asia.** This has
already led to severe water and air pollution, soil contamination, and adverse health impacts
for workers and the local population. In this context digital solutions such as tracking and
monitoring of shipment of waste can be deployed to control and avoid e-waste pollution in
Europe and abroad. Inappropriate collection, recycling, disposal of waste from metals (e.g.
palladium, gold, copper) extraction and refining also causes toxicity and land use. At the
same time, there are almost 700 million devices in Europe that are “hibernating” in EU
households and that if recycled, could lead to the recovery of a lot of CRMs*’. Overall, the
pollution related pressures and impacts of digitalisation are still poorly understood and more
research i1s needed. Nevertheless, this should not stop efforts to reduce energy use,

33 Oko-Institute (2019): Impacts of the digital transformation on the environment and sustainability, p.72

34 See article in Luxembourg Times of 21/11/2019

35 Pérssinen, Wahlroos, Manner, & Syri (2019) in Oeke-Institute (2019)
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37 Ministry of Transport and Communications 2020: The ICT sector, climate and the environment — Interim
report of the working group preparing a climate and environmental strategy for the ICT sector in Finland

38 Directive (EU) 2015/2193

39 See also the CWIT project (“Countering WEEE Illegal Trade”) at https://www.cwitproject.eu/

40 Oko-Institute (2019): Impacts of the digital transformation on the environment and sustainability, p. 14,16 and
80
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greenhouse gas emissions and resource use through better circularity, because these measures
will implicitly also reduce the pollution footprint of digitalisation.

3. Zero Pollution Data

Data are the centrepiece of the digital agenda. Digitalisation has already helped generate,
share, manage and re-use data more efficiently but latest technologies offer radically new
solutions which are not yet commonplace. For example, once large amounts of data (‘big
data’) are available, artificial intelligence and machine-learning algorithms can help analyse
these data more effectively and allow processing and assessing large volumes of data which
previously seemed a daunting task. Data and insights can help improve resource governance
decisions, target financial investments, and change consumption and production patterns®!.
To achieve that, it will be important that ’big data’ are digested and sense is made by creating
knowledge and insights that are easily understandable and actionable.

41 https://wedocs.unep.org/bitstream/handle/20.500.11822/27627/MeaProg2019.pdf




The monitoring of the implementation of environmental policies, and in particular those
related to pollution, often require extensive data resources. Data collected to develop and
implement environmental policies include:

e The quality of our environment, the air we breathe, the water we use, the
contamination of soils, levels of pollution in species and ecosystems or accumulating
in humans (so-called biomonitoring);

e Identification of polluting chemicals and their properties including understanding

their impacts;

The emissions, discharges and losses in the environment;

The pollution sources and activities;

The tracing and transfer of pollution in processes or via products;

The underlying economic driving forces;

The measures taken to address pollution and their effectiveness.

Such data are often generated and/or managed by public authorities on the basis of legal
requirements, but also by academia and research entities investigating pollution related
questions. The private sector also collects a lot of environmental data, but the data are not
always publicly available. Increasingly, however, data held by the private sector are
becoming available. Moreover, citizens and civil society can play an important role in
generating pollution-related data (see Digital Solution Story: CleanAir@School) but they can
also be engaged in debates and policy making which generates valuable opinions and
contributions to the policy debate. For this, it is essential that environmental data are
transparent, comprehensible and accessible to all actors at the relevant level of granularity. In
other words, it is important for environmental and pollution data to be findable, accessible,
interoperable and reusable. Applying these FAIR principles*’ are essential for the data to be
used to their full potential.

Digital Solution Story: CleanAir@School

The CleanAir@School project encouraged school children to measure pollution levels, learn
about air quality issues and promote actions for cleaner air. Pupils and teachers across Europe
were given simple, low-cost devices to measure levels of nitrogen dioxide (NO2) around their
schools. Nitrogen dioxide is one of the key air pollutants harming human health in Europe,
and it originates principally from road transport which is why it’s a problem in urban areas.
Children participating in the project measured nitrogen dioxide levels around their schools,
while learning about air quality issues and ways to tackle them at the same time. One of the
aims of the project was educational, but it also explored the use of data collected by citizens
in complementing ‘official” air quality monitoring data.*’

Over the past decades, such data became digital, replacing gradually (but not yet fully), the
analogue handling of data and information. Since 2007, the organisation, infrastructure and
management of environmental data has also been standardised through the INSPIRE
Directive** which implements the FAIR principles. But implementation is lagging behind and
the full potential of such infrastructure investment is still to be realised.* In addition to the
INSPIRE directive, many efforts in thematic domains are ongoing to improve standardisation

42 gee GO FAIR (http://go-fair.org)

43 https://discomap.eea.curopa.cu/cleanair/#

44 INSPIRE: Infrastructure for Spatial Information in Europe (Directive 2007/2/EC)
45 COM(2016) 478
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for interoperability. For example for the marine environment the efforts under the European
Marine Observation and Data Network (EMODnet)* and the Marine Strategy Framework
Directive*’ use and complement the INSPIRE standards to bring the data holdings together.
Promotion of [IUCLID format for efficient exchange of any chemical information, extensively
employed by the industry and the regulation (e.g. REACH), together with exchange standards
developed under Information Platform for Chemical Monitoring (IPCHEM) will further
contribute to efficient sharing under the common open data platform for chemicals. These
efforts will also feed into the development of common open data platform by 2023 that was
announced by the Chemicals Strategy.

More recently, digitalisation offered a number of new tools and opportunities which are
applicable across all areas of pollution control policies. Such opportunities are related to
generation and monitoring, collection and transmission, management, analytics and
dissemination of data and actionable information. In more concrete terms, the application of
digital solutions and data for the environment are manifold in particular (see also figure 2):

Improving the evidence base, including the identification of emerging pollutants;
Involving and engaging with citizens;

Enhancing implementation and compliance;

Strengthening the decision-making and solution finding process (governance);
Reducing pollution by improving existing systems digitisation (e.g. smart mobility),
smart applications or feedback processes.

In addition, data can be used to create innovative services, nudge behavioural change
(including through network effects) and create new business models. Information and
Communication Technologies (ICT) can dematerialise certain sectors, through novel business
models, for example by increasing value-added in relation to natural resource use, by making
the value chain more efficient or for example by focusing on the utility derived from a
product (e.g. kilograms of clothing washed, kilometres driven, etc.) and not on the value of
the product itself*,

46 https://emodnet.eu/en
47 Directive 2008/56/EC
48 https://core.ac.uk/download/pdf/16390705.pdf
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Figure 2: Using digital solutions and data for environment policy end implementation®

The European Data Strategy as well as the ‘Green Data for All’ initiative® are driving these
developments in the EU. In addition, UN Environment is also working on a concept of the
‘Digital Ecosystem for the Environment’, which could be looked towards to provide
inspiration from an international perspective.’!

The pollution data aspects are briefly described in a generic way here and underpinned with
some concrete examples in specific areas of application in the subsequent section.

3.1. Data generation and monitoring

The frequency of monitoring (e.g. of a pollutant chemical in waste stream) is often low,
partly because it can be costly, and this may reduce reliability and robustness of the
conclusions drawn from these data. Some parameters can be monitored with screening
sensors which become increasingly powerful in collecting data automatically at very high
frequencies and ever lower energy demands, hence lower costs. Examples exist for air>?,
water>® or noise>* pollution. But also indirect measurement of pollution is possible, e.g. by

4 INSPIRE Conference 2020 presentation by Srdan Krco (DunavNET)

>0 This initiative was announced in the Buropean Data Strategy and it consists in evaluating and possibly
reviewing the Directive establishing an Infrastructure for Spatial Information in the EU (INSPIRE), together
with the Access to Environment Information Directive. It will modernise the regime in line with technological
and innovation opportunities, making it easier for EU public authorities, businesses and citizens to support the
transition to a greener and carbon-neutral economy, and reducing administrative burden.

3! The Case for a Digital Ecosystem for the Environment: Bringing Together Data, Algorithms and Insights for
Sustainable Development and The promise and peril of a digital ecosystem for the planet

32 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6696 184/
53

https://www.researchgate.net/publication/342214402_ Water Monitoring_System Embedded with Internet of

__ Things ToT Device_A_Review
34 https://www.mdpi.com/1424-8220/20/8/2256/htm
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cameras detecting behavioural change of fish in case of water pollution®. Moreover, "visible’
pollution (e.g. oil, litter, nutrients causing algae blooms) can be detected and therefore
monitored continuously with cameras or other sensors installed on satellites, planes, ships,
drones or fixed installations. Citizen science can also be used to report such ‘visible’
pollution (see Digital solution story: See it? Say it!).

Digital solution story: See it? Say it!

The ‘See it? Say it!’ -app of the Irish Environmental Protection Agency makes it easy to
report environmental pollution. The app can be downloaded to most smart phones, and
enables citizens to report pollution when they see it. The app is very simple to use: when a
user spots environmental pollution or dumping, they can take a photo of the pollution, add
some simple details, and submit a complaint. The app will send GPS coordinates of where the
photo has been taken, so it’s easy for authorities to locate and investigate the problem.>¢

The power of these increasing possibilities is dramatically enhanced through the potential
offered by the internet of things (IoT), since such sensors can be easily connected, or ’edge
computing’, since the (pre-)-analysis of data is already done through the small processors in
the sensors. Such opportunities will not replace traditional monitoring efforts or needs but
complement them. They allow for a more effective and efficient collection of data (e.g.
samples could be taken only when the sensor data indicate a potential pollution) and,
therefore, help increase responsiveness, relevance, resolution and certainty of pollution
assessments based on these data.

3.2. Data transmission (real-time data) and management

For centuries, data were collected and transmitted through reporting, i.e. the transfer of the
data and information from the data owner to the data user. First, we used paper and then
increasingly digital means as computers entered our lives. While there are also other reasons
for lags (e.g. quality control), such ‘reporting’ is often inefficient leading to, sometimes,
considerable time lags between the data collection, processing, analysis and its publication.®’
This causes lack of efficiency and reduces the value of the results the more outdated the data
are. Increasingly, real time data sharing (‘machine-to-machine’) is being used, and these
technologies are becoming more and more powerful.

55

https://www.researchgate.net/publication/325481761_ Aquatic_Toxic_Analysis_by Monitoring_Fish Behavior
_ Using_Computer_Vision A Recent_ Progress

36 http://www.epa.ie/enforcement/report/

37 see e.g. Fitness Check of environmental monitoring and reporting (COM(2017)312 and SWD(2017)230)
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Digital solution story: Earth observation and Copernicus

Copernicus is the European Union’s Earth observation programme. The satellite and in situ
(non-space) observations Copernicus services deliver provide near-real-time data globally, and
this data can be used to help us better manage our environment in a sustainable way and to
understand our planetary processes. The data collected by satellites and in situ systems such as
ground stations that deliver data from sensors on the ground, at sea and in the air, is processed
and analysed by the Copernicus services, transforming the vast amounts of data into
information that can be used by end users acting in a wide range of areas such as regional and
urban planning, transport and mobility and agriculture. The main users of the Copernicus
services are public sector actors, but the information services Copernicus provides are free and
openly available to all users.”® The strength of this unique European digital capacity,
combining satellite and in-situ observations with state-of-the-art atmosphere model outputs
and Artificial Intelligence, enabled Copernicus also to assess the impact of societal measures
in scope of the COVID-19 on air pollution levels in Europe. Other examples are:

e ‘Litter-TEP’ application®® is using the Copernicus Marine data to develop to forecast
macro waste drift in the marine environment. Such tool allows running forecasts of
ocean currents, waves and winds to monitor marine litter in the Atlantic European
North West Shelves seas. It provides forecasts of marine macro waste drift (density,
potential stranding on beaches) and, inversely, the likelihood of where the waste has
entered the sea. The service takes into account waste from rivers and their related
upstream watersheds, which collect surface litter after precipitation.

e The FML-TRACK service® support the reduction of floating marine litter pollution in
south Eastern Bay of Biscay to help the collection of waste in the marine environment
by public administrations, both at sea and on beaches. It combines video monitoring in
rivers, satellite imagery at sea, and ocean observation and modelling to track floating
marine litter and help reducing its presence in the coastal area. Beyond that, Earth
Observations Data Cubes (EODC) are a new paradigm revolutionizing the way users
can interact with Earth Observation (EO) data. They can provide access to large spatio-
temporal data in analysis ready format. Systematic and regular provision of Analysis
Ready Data (ARD) can significantly reduce the burden on users by minimizing the
time and scientific knowledge required to access and prepare remotely-sensed data.
The proliferation of data cubes and the availability of ARD is therefore lowering the
barrier to access and utilise satellite “big-data” datasets.

A precondition for this is ‘open data’, the availability of the data in the public domain or
accessible with a minimum of restrictions. In some cases, where opening data fully is not
possible (yet), effective sharing of data under certain conditions should be ensured.
Regulation on this has already been introduced some time ago (e.g. access to environment
information directive or INSPIRE Directive®!) and recently has received a new boost through
the revised Open Data and Public Sector Information Directive®> and concrete actions on
chemicals data access and sharing under the Chemicals Strategy for Sustainability. As
mentioned above, the Commission’s Data Strategy has also made it clear that open public

38 https://www.copernicus.eu/en/about-copernicus

3 https://litter-tep.argans.eu

60 https://fmltrack.rivagesprotech. frhttps://fmltrack.rivagesprotech.fr
¢! Directive 2007/2/EC

62 Directive (EU) 2019/1024
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data should become the norm in future (provided existing legislation on personal data
protection and others are respected). The latter is particularly true for environmental and
pollution data which must be, by default, open.

Open data enable to reverse the business process from sending the data from the owners to
the users (reporting) to ensuring that the owners keep their data up to date and accessible and
then the users can retrieve the latest data in real time. This was, e.g. used for creating global,
daily updated, statistics on the evolution of the Corona crisis by the Johns Hopkins
University®® or is implemented in the context of the Air Quality Index®*.

For nearly all data relevant to zero pollution, the INSPIRE Directive sets out the rules and
standards making such an approach applicable across different data domains. Many good
examples exist on how such an approach has increased effectiveness and efficiency of data
transmission and management.®> However, there are considerable implementation gaps and
more investment and efforts are needed to deliver on the promise that relevant pollution data
can then be shared between administrations in near-real time.

It is important to note that the availability of so-called High Value Datasets®, will also
include some data relevant for zero pollution (or could in future) that Member States will
have to make available, free of charge, in a machine-readable format, through Application-
Programming Interfaces (APIs). Finally, beyond open data, the Commission foresees the
creation of common European Data Spaces, including a Green Deal dataspace®’. The
common open data platform on chemicals with its vision to facilitate sharing access and re-
use information on chemicals from all sources, as announced by the Chemicals Strategy for
Sustainability, represents an important part of this dataspace. This will allow not just access
to open data, but also effective data-sharing for all public and private data; i.e. getting access
to data that may not be open, but be useful for innovative service creation. The proposed Data
Governance Act®® supports the governance of these dataspaces, strengthen data-sharing
mechanisms within the EU, foster the availability of data for use and increase trust in data
intermediaries. The EU-funded Support Centre for Data Sharing also provides support,
technical tools and expertise to facilitate data-sharing.®® Finally, the planned Data Act will
foster data sharing among businesses, and between business and governments.”®

3.3. Data analytics and digital twins

Tools for analysing data have become very powerful over the past years. With artificial
intelligence and machine-learning, there is a significant potential to reduce the environmental
and climate footprint, e.g. through smart buildings, the smart grid, smart circular economy,
forecasting and observation, influencing the behaviour of individuals (see Digital Solution
Story: DigiTranScope), and smart production systems and processes.

63 https://coronavirus.jhu.edu/data

6 https://www.eea.europa.eu/themes/air/air-quality-index/indexhttps://www.eea.europa.eu/themes/air/air-
quality-index/index

% ¢.g. during the various INSPIRE Conferences

% More information on high value data sets

7 The European Dataspaces will be rolled out gradually as of 2021 with support, e.g. from the Digital Europe
Programme.

8 Proposal for a Data Governance Act (COM(2020) 767)

%9 https://eudatasharing.eu/

0COM (2020) 767, p. 13
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The data analytics is supporting better simulation of chemical properties and predicting
potential hazard, exposure and fate of chemicals, supporting early warning, identification,
monitoring strategies and prioritization of chemicals, and management of chemicals of
concern. Development is in place to enable these tools to be seamlessly connected with the
vast chemical datasets shared through the common open data platform.

Data- and physics (models)-based analytics have traditionally been quite separated
approaches to generate informed predictions. With the advent of ‘digital twins’ for complex
systems analysis purposes, possible nowadays due to significantly increased computing
power and new data fusion approaches, a seamless fusion of both basic approaches has been
achieved aiming ultimately towards having simulations indistinguishable from observations
at very high levels of spatial and temporal resolution.

Local digital twins are digital models of a city. Local digital twins can model and visualise
complex processes and data and thus have the capacity to tackle complex challenges for
cities’!. While urban planners have already been using 2D and 3D models and computer-
aided design for years, the integration of real-time data from IoT devices, location, weather,
traffic, people movement, and other sources has been a game-changer for urban planning and
operations.”” Local digital twins will enable cities to significantly improve their urban
planning. Local Digital Twins will help cities, for example, make predictive sustainable
mobility planning, create data-services related to extreme weather events, risk prevention and
disaster resilience, better manage energy flows, or pursue their zero pollution ambition.”
Various local digital twins have been created in Europe, such as the Amsterdam City
Dashboard, the Helsinki Energy and Climate Atlas, the Rotterdam Digital Twin and the
Flanders DUET Digital Twin (see Digital solution story: the Flanders DUET Digital Twin).

1 https://www.mdpi.com/2071-1050/12/6/2307/htm
72 See for example: ‘Connecting urban environments with IoT and Digital Twins’
73 See discussion forum here.
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Digital Solution Story:

1. DigiTranScope
The DigiTranScope project explored how the availability of data and the possibility to create
virtual replicas (Digital Twins) of neighbourhoods, cities, and entire countries allows new
forms of policy targeting. The project experimented with this in Amsterdam in the context of
targeting policies to support increased energy efficiency in households. The opportunities
offered by the Digital Twins and gaming environments (e.g. the whole of the Netherlands in
Minecraft in the scale of 1:1) for new forms of participation and policy design were
illustrated by an experiment done in Amsterdam, where 500 children came together with the
local administration, industry and academics to use this virtual model in Minecraft to help
design their vision of the future for their neighbourhood.’

2. the Flanders DUET Digital Twin

An example of an EU-funded project on local digital twins is the DUET project.” The
Flanders region in Belgium (Informatie Vlaanderen) is coordinating the DUET project
together with strategic Flemish/Belgian partners such as IMEC, KUL and OASC. Flanders
will use the Flanders DUET Digital Twin to help the city and its stakeholders explore
correlations between mobility, air and noise data. The goals Flanders has set for the digital
twin use are the following: ‘(1) Creating a Smart Region where all involved players can
access available services and data; (2) Support cross-silo cooperation between sectors; (3)
Involve citizens and companies active in policy-making processes to improve the quality of
decision making and acceptance of the outcomes; (4) Setting up transferable services and
data standards to maximise efficiency, scalability and open the market.” The digital twin will
concentrate on implementing and evaluating actions and designing new measures by
providing a tool that enables cross-domain evidence-based ‘what if* simulations and opens
the outcomes via dashboards and gamification techniques to the public.

Digital twins also have the potential to provide services for the assessment and prediction of
environmental pressures, including their trends and extremes, at very high spatial resolution
and close to real-time decision-making support at continental, country, coastline, catchment
and city scales in response to meteorological, hydrological and air quality extremes. Such
systems aim to seamlessly combine weather, hydrology and air quality observation and
simulation capabilities at levels that represent a real breakthrough in terms of accuracy, local
detail, access to information speed and interactivity. Corresponding digital twins should
cover land-based pollution as well as waterborne pollution, and their impacts on the
atmosphere, terrestrial ecosystems, freshwaters and the marine environment. Digital twins
can be created on many different scales, a very large-scale example being Destination Earth,
a project to create a digital twin for the earth (see Digital solution story.: Destination Earth),
or the Digital Twin of the Ocean, recently called under the Horizon 2020 Green Deal Call.”®
The Digital Twin of the Ocean aims at integrating and completing existing European assets
such as Copernicus and marine research and data infrastructures with digital technologies
such as Al and high performance cloud computing. These will be used to transform data into
knowledge and to empower citizens, governments and industries to collectively share the

74 https://www.euscp.org/DigiTranScope.html)

75 https://www.digitalurbantwins.com/

76 https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/lc-gd-9-3-
2020
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responsibility of marine and coastal habitats, to support a sustainable Blue Economy and to
mitigate and adapt to climate change.”’

Digital solution story: Destination Earth

One headline project on digital twins relevant for the zero pollution ambition is Destination
Earth.”® It was announced in the European Data Strategy and will be financed partially
through the Digital Europe Programme. Commencing in 2021, the initiative will lead to the
development of a high precision digital model of the earth, a digital twin for the earth, which
can be used to visualise, monitor and forecast natural and human activity on our planet. This
will support Europe’s efforts for a better environment as set out in the Green Deal. The
breakthrough features expected to come from Destination Earth go beyond the significantly
increased accuracy and availability levels of predictions coming from seamless fusion of
observations across the entire digital continuum such as satellites, in-situ, IoT and citizen
science. It will also lead to the open availability of and access to knowledge generation for
non-experts, including an underlying quality mapping of all predictions generated resulting in
a quality index. The results can therefore be used for operational outcomes (e.g. decision
support purposes) in view of them being easily understandable.

3.4. Data visualisation and dissemination

There is a growing demand for data visualisation to enhance the overall dissemination of data
and information. Powerful tools, which will be essential components of the digital twins,
have emerged which give a quick insight into the data (e.g. through dashboards), support
decision making (through business intelligence tools) and improve communication and
information of others making things more memorable and attractive.

Digital solution story: The European Atlas of the Seas and WISE-Marine

The European Atlas of the Seas provides information about Europe’s marine environment
and is the ideal tool for schools, professionals, or anyone wishing to know more about the
European seas and its coastal areas. Users can view predefined and ready to use maps,
covering topics such as nature, tourism, security, energy, passenger transport, sea bottom,
fishing stocks and quotas, aquaculture, and much more. Users can also benefit from an
enriched catalogue with more than 200 map layers, covering a wide range of topics, to
explore, collate and create their own maps. These maps can be printed, shared and embedded
in articles or presentations.”” The European Atlas of the Seas contains some information on
pollution, but more information specifically on environmental and pollution aspects can be
found in WISE-Marine, which has also set new standards of visualisation by presenting the
data collected as part of the Marine Strategy Framework Directive implementation in visual
form (such as maps and dashboards).*

Data, and more importantly knowledge visualisation have become an area for significant
further research needs. As non-experts can increasingly access specialised digital resources,
the importance of how data are used and presented has become more and more important.

"Thttps://ec.europa.eu/info/sites/info/files/research_and innovation/green_deal/gdc_stakeholder engagement to
pic_09-3 digital ocean.pdf

78 https://ec.europa.cu/digital-single-market/en/destination-earth-destine

7 https://ec.europa.eu/maritimeaffairs/atlas_en

80 https://water.europa.eu/marine
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There is a significant potential for misinterpretation of sustainability related predictions and
analytical results if the data are not presented in a clear way. Visualisation of data can be used
to ‘connect the dots’ related to the granularity of the data used, but it is important to be
cognisant of the target audience.

3.5. Data services

Electronic data services and the use of standardized Application Program Interfaces (APIs)
are the main building blocks for guaranteeing interoperability and cross-domain reuse of data
between systems, end-users, processing platforms and European data spaces.

The use of pollution and other related data, combined for example with spatial data can
unleash new innovations that respond to societal needs such as reducing the negative impact
on the environment. This can also contribute to engaging citizens, businesses and civil
society in the collaborative design, production and delivery of public services and to facilitate
interaction between public administrations and businesses and citizens.

4. Digital solutions: examples and use cases

The aim of this section is to give some concrete applications of s