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Foreword

In everyday life, we all depend on reliable measurements which underpin trade, regulation,
sustainable manufacture and societal well-being e.g. clean environment, secure energy supply
and improved health of the citizens. With rapidly advancing science and technologies, the demand
for new measurement techniques and measurements of unprecedented accuracy and reliability
continues to grow. To meet these requirements, there is a clear need for metrology R&D.

The responsibility for the provision of an internationally accepted measurement infrastructure falls
primarily on National Measurement Institutes who have established over many years one of the
best ecosystems for measurement R&D in co-operation with other public and private research
institutes. International co-operation in metrology R&D is vital for two key reasons: resources
needed are too large for individual NMIs to deliver and the results must be accepted internationally
due to increasing globalisation.

EURAMET, the European Association of National Metrology Institutes, has pioneered co-
operation in metrology research in recent years through major European Metrology Research
Programmes worth over 1 billion euros jointly funded by national governments and the European
Union. The programmes, open to NMIs, other Designated National Institutes and non-NMiIs, offer
significant opportunities for participation by academic, industrial and other research institutes.

The Strategic Research Agenda for Metrology in Europe has been developed to provide a high
level strategic view of measurement capability requirements which may be delivered not just by
the European Metrology Programmes but by the wider research community involved in
measurement related programmes nationally, regionally and internationally.

The document has been prepared with inputs from the EURAMET Technical Committees and
Task Groups in consultation with their stakeholders, and through a wider public consultation from
which valuable comments and suggestions were received. Special thanks go to Dr Martin Rides,
NPL, who has co-ordinated the preparation the document and put in a huge effort to synthesise
the inputs into a common framework under the guidance of a Core Group from the EURAMET
Board of Directors (Drs Kamal Hossain, Beat Jeckelmann, Jan Petersen, Maria Luisa Rastello
and Joern Stenger).

| hope you will find the document of interest and value. We would welcome opportunities to work
with our partners and wider stakeholder groups in the implementation of the Strategic Research
Agenda.

Dr Kamal Hossain
On behalf of EURAMET Core Group on the Strategic Research Agenda
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Executive Summary

This Strategic Research Agenda (SRA) sets out the major challenges currently facing European

metrology as envisaged by EURAMET, the Association of European Metrology Institutes, and its

stakeholders. It:

e presents a shared vision and ambition for metrology (the science of measurement) in

Europe over the next five to ten years,

identifies metrology needs addressing key health, energy and environment challenges
facing Europe, and promotes metrology that enables innovation thereby driving economic
growth in Europe,

continues to advance metrological capability through research into fundamental scientific
metrology and also for the redefinition, realisation and dissemination of the International
System of Units (SI),

aims to develop a metrology infrastructure in Europe that is appropriate, integrated and cost
effective, and is influential worldwide, and

aims to maximise the impact achieved by metrology in supporting societal objectives and
economic growth.

Metrology is an essential tool for scientific research and development as well as for technological
innovation. It underpins modern industrial competitiveness and supports the development of new
and improved products and processes. Key societal challenges such as sustainability of energy,
environment and health demand new and reliable measurement technologies with traceability
that has to be accepted worldwide. Global trade and regulations depend heavily on internationally
accepted measurements and standards. At the heart of metrology are the International System
of Units (SI) and the Mutual Recognition Arrangement (MRA) for global acceptance of
measurements and traceability of results. Research and development in metrology is essential to
support and develop the S| and the MRA and thus to meet current and future requirements of
industry, regulators and policy makers alike.

This Strategic Research Agenda supports the realisation of a common vision which is to ensure
Europe has a world-leading metrology capability, based on robust and high quality science, and
has an effective and inclusive network based infrastructure to meet the rapidly advancing needs
of end users, to achieve significant societal and economic impact in Europe.

The Strategic Research Agenda supports the goals:

e To ensure that Europe’s metrology infrastructure and networks develop in a way that
enhances industrial innovation, competiveness and international trade whilst supporting
societal objectives and the commitment to sustainable growth.

To identify future trends and needs for metrology research and services, in cooperation with
a wide range of stakeholders.

To realize the benefits of collaboration and co-operation in addressing challenges.

To facilitate smart specialisation in metrology across Europe.

To educate and inform a wide range of stakeholders in Europe and to promote the benefits
of metrological control to society as a whole.

To provide a clear framework for implementation of the Strategic Research Agenda.

Science and innovation at the frontiers of technology requires advanced metrological capability.
To enable Europe to maintain its scientific international competitiveness and recognition,

Strategic Research Agenda for Metrology in Europe -3-
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metrology capability needs to anticipate and keep pace with future requirements, thereby
providing the necessary and accessible tools in a timely manner. The metrology R&D identified
in this SRA will continues to advance metrological capability through:
¢ research on fundamental scientific metrology,
¢ underpinning the redefinition of the SI, based on the constants of nature, as requested by
the General Conference on Weights and Measures under the Metre Convention, and
¢ providing the metrology capability that is required for the improved realisation and
dissemination of the primary and derived units of the SlI.

Impact is the inherent focus of metrology research as metrology is intended to meet society’s
needs for measurement. The identification in this Strategic Research Agenda of key challenges
in health, energy and the environment that are to be addressed, as well as its promotion of
metrology to enable innovation and thereby support economic growth, will focus metrology on
achieving impact.

Impact from metrology research and development is achieved through the adoption of
measurement capability, traceability and good measurement practice in virtually all aspects of
life. Metrological capability is essential in, for example, providing robust evidence bases to inform
policy decisions, enforcing legal metrology, enabling compliance with EU regulations, improving
product design and process efficiency, underpinning advances in science, and underpinning the
development of Standards. However, achieving effective impact requires a wide level of foresight
activities and early engagement with policy makers, regulatory authorities and industry leaders at
national and European levels, as well as concerted actions focused on impact. Only if cooperation
at these levels is realised will metrology be able to exploit its full potential in support of the Union
policies and economic growth. Specific actions that promote uptake and impact are identified.

This Strategic Research Agenda calls for the European metrology community to develop and
maintain capabilities and capacity that meet current and future demands, support the
development of advancing technologies, and develop scientific and technical research
capabilities in areas of strategic national and regional importance. It seeks to create and
maintained a cost effective, balanced and integrated European metrology infrastructure and
research capability; one that provides support to all European nations and enables Europe to
remain competitive internationally.

EURAMET needs to continue developing a growing and sustainable metrology infrastructure,
working even more closely with stakeholders. With increased emphasis on addressing the grand
challenges facing Europe there is need for even greater cross-disciplinary research requiring
increased openness and collaboration with centres of excellence outside of the National
Measurement Institute (NMI) and Designated Institutes (DI) community, e.g academia, research
and technology organisation in healthcare, and in industry that can provide capability that
traditionally has not been found within the NMI and DI communities.

Implementation of the Strategic Research Agenda will be:
e pursued by EURAMET and its Technical Committees, NMls, DlIs and research centres of
excellence, in collaboration with industry, business and governmental stakeholders,
e championed by key stakeholder bodies, and
¢ supported through national metrology research programmes and international programmes
including the European Metrology Programme for Innovation and Research (EMPIR),
enabling collaborative, multi-disciplinary research to address the challenges identified.

Strategic Research Agenda for Metrology in Europe -4 -
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1 Introduction

This Strategic Research Agenda (SRA) sets out the major challenges currently facing European
Metrology as envisaged by EURAMET and its stakeholders. It presents a vision and ambition for
metrology in Europe over the next five to ten years: it is not intended to define specific projects
that will be conducted by specific programmes under national, European and international
initiatives. The SRA should provide a resource for European and National Metrology Research
Programmes. It seeks to be non-prescriptive and strategic in nature. It is intended to be an
inspiration for new thinking in important policy areas.

A principle aim is to focus on clear strategic direction which will allow delivery of tangible results
maintaining necessary openness and flexibility. This will make it possible to incorporate important
and emerging challenges as well as cutting edge scientific advances as they are made.
Furthermore, prioritisation of research objectives and projects will have to be made consistent
with the aims and objectives of specific programme initiatives.

Context

Metrology, the science of measurement, is an essential tool for scientific research and
development as well as for technological innovation. It also underpins modern industrial
competitiveness and supports the development of new and improved products and processes.
High quality metrology is critical to major advances in other scientific fields. Global trade and
regulations depend heavily on internationally accepted measurements and standards. At the
heart of this are the International System of Units (Sl) and a Mutual Recognition Arrangement!
for global acceptance of measurement and traceability of results obtained in different countries.

With rapid advances in technology, ever more precise and reliable measurements are essential
to continue to drive innovation and economic growth in a knowledge based society. What we
cannot measure, we do not understand properly and cannot control, manufacture or process
reliably. Thus, advances in metrology and its effective use have a profound impact on our
understanding of and ability to shape the world around us.

Key societal challenges such as sustainability of energy, environment and health also demand
new and reliable measurement technologies with traceability that has to be accepted worldwide.
Research and development in metrology is thus essential to meet current and future requirements
of industry, regulators and policy makers alike.

Governments support a metrology infrastructure because of the scientific, economic and societal
benefits it brings and its strong character as a public good that justifies public intervention: it
promotes scientific excellence, innovation, competitiveness and fair trade. Major economic
powers are increasing their investment in metrology research and related infrastructures. Given
that the investment required is high, a single European state could not compete in the global
context. A collaborative metrology effort on the European level is therefore essential to maintain
and develop an internationally competitive edge.

Strategic Research Agenda for Metrology in Europe -5-
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EURAMET, through its leadership, has initiated Europe wide joint metrology research
programmes in partnership between its members and the European Union under the
Framework Programmes 6 and 7 (Implementing Metrology in the European Research Area
Plus - IMERA-Plus, and the European Metrology Research Programme - EMRP), and has just
commenced a new joint Programme, the European Metrology Programme for Innovation and
Research (EMPIR), worth €600M under Horizon 2020.

EURAMET, as the Regional Metrology Organisation of Europe, has provided strong leadership
in co-ordinating metrology R&D carried out by its members which currently includes 37 National
Metrology Institutes (NMIs) and 76 Designated Institutes (Dls) that have national responsibility in
specific metrology fields.

Within Europe, EURAMET liaises? with a range of organisations including with WELMEC
(European Cooperation in Legal Metrology)® and the Organisation Internationale de Métrologie
Légale (OIML)# on legal metrology, with CEN and CENELEC on standards, and with the
European Co-operation for Accreditation (EA)®, the European Federation of National Associations
of Measurement, Testing and Analytical Laboratories (EUROLAB)® and Eurachem ’ (on
traceability of chemical measurements). EURAMET, for instance has a Memorandum of
Understanding with WELMEC that emphasizes the importance of the relationship between the
two. Such liaisons provide critical routes to achieving impact.

Legal metrology, the application of metrology to trade enabling the implementation of regulations,
requires the development of more robust, user friendly metrology tools, codes of practice and
standards to ensure consistent application of measurement technologies. This may require
development of specific activities to support legal metrology through cooperation of the legal and
scientific metrology communities and with WELMEC.

European NMiIs and Dls collaborate with NMIs and scientific centres of excellence from beyond
the boundaries of Europe, not just through the CIPM consultative committees and in research
through EMRP with major NMls such as those from the Americas, Asia and Africa (e.g. NIST,
NIM, NMIJ, KRISS and INMETRO), but also including organisations such as the WHO, WMO,
IAEA, ISO, IEC and a plethora of international academic institutes. Such continued collaboration
is essential to ensure Europe’s internationally leading capability and to achieve impact and
influence on the global stage.

Metrology, by the nature of the international equivalence it achieves, is global. Thus EURAMET
needs to be fully connected, and in planning future work it will not do so in isolation. EURAMET
contributes significantly to global metrology and the setting of the future international metrology
agenda, contributing to an efficient and effective CIPM MRA (International Committee for Weights
and Measures - Mutual Recognition Arrangement) in cooperation with other Regional Metrology
Organisations and with their member NMIs and DlIs across the world. EURAMET represents
Europe in the international metrology forum of the CGPM (General Conference of Weights and
Measures). To illustrate the significant contribution it makes on the global stage, Europe currently
contributes five chairs to CIPM’s ten consultative committees, and there were four European
countries in the top ten for (i) Calibration and Measurement Capabilities (CMCs) held by country,
and (ii) for participation in Key Comparisons (KCDB, 20148).

Strategic Research Agenda for Metrology in Europe -6-
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Such collaborations and agreements with organisations within Europe and beyond demonstrate
the significant standing of EURAMET on the global stage and the potential for influencing global
metrology.

Common vision and goal

Our common vision is to ensure Europe has a world-leading metrology capability, based on robust
and high quality science, and an effective and inclusive network based infrastructure to meet the
rapidly advancing needs of end users.

Our goals are:

e To ensure that Europe’s metrology infrastructure and networks develop in
a way that enhances industrial innovation, competiveness and
international trade whilst supporting societal objectives and the
commitment to sustainable growth.

To identify future trends and needs for metrology research and services,
in cooperation with a wide range of stakeholders.

To realize the benefits of collaboration and co-operation within the
metrology community as well as with the wider stakeholder community
in addressing challenges that are common to Member countries.

To facilitate smart specialisation in metrology across Europe, giving
special attention to the needs of emerging members, and initiate,
develop and implement activities to assist them through knowledge
transfer in achieving metrological capability in carefully chosen areas.

To educate and inform a wide range of stakeholders in Europe and to
promote the benefits of metrology to society as a whole.

To provide a clear framework, objectives and outcomes in the
implementation of the Strategic Research Agenda.

The SRA describes opportunities and challenges for interdisciplinary metrology research covering
energy, environment and health of citizens as well as for supporting industrial innovation. In
addition, and importantly, it contains work to be done in developing fundamental metrology in
support of advancing the international system of units on a global basis and advances in leading
edge science.

Research in support of standards

Standards play a vital role in supporting the Europe 2020 strategy for smart, sustainable and
inclusive growth. A dynamic European standardisation system is essential to spur quality and
innovation and to strengthen Europe’s role as a global economic player®. Reliable measurement
methods and metrology underpins many standards and therefore, there is significant benefit in
EURAMET working closely with the European Standards organisations (ESOs) to identify their
needs for metrology input to standards currently under development (co-normative) and needs

Strategic Research Agenda for Metrology in Europe -7-
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for metrology input for future standards(pre-normative). Both types of input can help to accelerate
the development of standards as well as increase their robustness.

EURAMET has signed MOUs with all three ESOs - CEN, CENELEC and ETSI. CEN and
CENELEC have already established a joint Group with EURAMET to establish pre-normative
research needs for future standards in key sectors/areas.

As standards are increasingly developed on a global basis, it is important that outputs from our
metrology research are used effectively to support the developments of international standards
where appropriate through ISO, IEC, and ITU. Researchers from EURAMET member
organisations participate actively in several hundred standards committees and provide major
inputs to the standards. Our aim is to gain increased leverage and outcome from metrology
research through new and improved standards.

Learning from the European Metrology Research Programme

The European Metrology Research Programme (EMRP) is the predecessor of European
Metrology Programme for Innovation and Research (EMPIR). It is a joint European metrology
research programme implemented by 22 National Metrology Institutes, with eleven calls for
proposals in the years 2009 to 2013. It is based on Article 185 of the Treaty on the Functioning
of the European Union (TFEU), which, in implementing the multiannual Framework Programme,
makes it possible to co-fund coordinated national research programmes. A significant
achievement of EMRP is the strong integration by jointly programming 50 % of dedicated national
funding for metrology research in Europe. It reduced fragmentation and allowed achieving critical
mass by concentrating resources on areas with highest relevance through close collaboration of
best researchers. EMRP projects deliver European measurement solutions for major societal
challenges and provide common European inputs into standards and regulations.

Through EMRP, €404M was invested in 119 collaborative research projects involving 59 National
Measurement Institutes (NMls) and Designated Institutes (Dls) from 23 EMRP member states as
well as NMIs and Dls in other European countries and globally. The research collaborations
included over 350 academic groups and over 300 industrial participants.

The projects are developing new metrological capabilities, knowledge and skills and
disseminating them to a wide range of potential users in the industrial, public sector and academic
sectors and to the wider metrology community. To date the programme has delivered a significant
number of research outputs:

e 998 peer-reviewed publications, a third of which are co-publications

¢ 3,928 conference presentations

¢ Contributions to 379 standards developing committees (such as CEN, CENELC, ISO)

e Conducted 797 training activities

e 36 patent applications

As two-thirds of projects are still underway the outputs will continue to increase considerably.
The on-going success of EMRP has increased the ambition for the successor initiative and has

created confidence that EURAMET is able to implement an even larger and more complex
programme than the EMRP. Therefore the European Metrology Programme for Innovation and

Strategic Research Agenda for Metrology in Europe -8-
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Research, EMPIR, the successor programme of EMRP, has broadened the thematic scope, both
in line with the EUROPE 2020 strategy and responding to the EMRP interim evaluation, in order
to address the before-mentioned thematic challenges comprehensively.

The technical challenges facing the European metrology landscape to prepare it for the future, to
respond to current and emerging challenges and to facilitate innovation are described below in
this Strategic Research Agenda.

Looking ahead

Even though substantial progress has recently been achieved, it has become evident that the
European Metrology research system needs to tackle several additional challenges in order to
ensure greater impact of metrology research on growth and solving socio-economic challenges.
Many metrological challenges in the areas of fundamental scientific metrology (Section 3) and
associated with the grand challenges of health (Section 2.2), environment (Section 2.3) and
energy (Section 2.4), as well as metrological contributions to industrial innovation (Section 2.5),
still need to be addressed.

The network of National Metrology Institutes in Europe is diverse with varying range of capabilities
and developmental status. It includes strong global players with long proven track records as well
as some recently established and emerging NMIs reflecting diversity of industrial development
amongst member states. However, even for the large and advanced economies, NMls are finding
it challenging to provide a comprehensive range of measurement traceability and services to meet
national needs. Increasingly this gap is being met by NMIs and DlIs of other countries,
consequently increasing the need for smart specialisation.

It is important to note here that certain end users, particularly small and medium-sized enterprises
(SMEs), value measurement services being provided locally. Therefore, a delicate balance is
required in the provision of a coordinated European measurement infrastructure that supports an
optimum network of local and European centres. Smart specialisation should open up
opportunities for NMlIs in developing economies. Metrology capacity in these NMIs often have
identified gaps such as lack of equipment and facilities as well as skilled manpower, which could
be addressed through technical and management training by EURAMET members.

What is needed is a shared and common vision for the development of Europe’s metrology
infrastructure. Undoubtedly there are complex national considerations which have to be respected
if we are to be successful in developing this common vision. Already, however, 50 % of national
metrology research programmes has been included in EMRP and the next 5 — 10 years will be
very important for achieving a truly co-ordinated and shared metrology infrastructure.

EURAMET needs to continue to foster the development of internationally competitive centres of
excellence in metrology, and to raise the overall level of metrology capability and quality of service
across Europe. It needs to continue to facilitate complementary development, smart
specialisation, sharing of resources, avoiding unnecessary duplications, establishing joint
facilities and supporting horizontal knowledge transfer amongst its members. EURAMET needs
to continue developing a growing and sustainable metrology infrastructure, working even more
closely with stakeholders. With increased emphasis on addressing the grand challenges facing
Europe there is need for even greater cross-disciplinary research requiring increased openness
and collaboration with centres of excellence outside of the NMI and DI community, e.g academia,

Strategic Research Agenda for Metrology in Europe -9-
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research and technology organisation in healthcare, and in industry that can provide capability
that traditionally has not been found within the NMI and DI communities. Critically, EURAMET
itself needs to continue to be responsive in its structure and activities to these changes in the
metrology landscape.

Finally, and importantly, the metrology R&D needs to focus on increasing its impact and the
benefits achieved. This will be addressed, in part, by the focus on grand challenges and
innovation, but also by increased openness and collaboration in projects, as well as through the
means discussed in Section 4.

Implementation of the Strategic Research Agenda

Implementation of the EURAMET SRA will be achieved through a variety of mechanisms. It will
be:
e pursued by EURAMET, its Technical Committees (TCs), NMIs, DIs and research centres
of excellence, in collaboration with industry, business and governmental stakeholders,
¢ championed by key stakeholder bodies, e.g. Standards Developing Organisations (SDOs),
European Technology Platforms'?, including to increase the importance of metrology and
metrology-related aspects in EU research programmes, and
o supported through national metrology research programmes and international programmes,
e.g. EMPIR, Horizon 2020 and European Structural funds. Most significant in these will
be the European Metrology Programme for Innovation and Research (EMPIR), enabling
collaborative, multi-disciplinary research to advance metrological capability in order to
address the economic and societal challenges facing Europe as well supporting advances
in fundamental science.

This Strategic Research Agenda for Metrology in Europe also provides a framework with which
Europe can engage with and contribute to the development of global metrology, through its many
collaborations and interactions with NMIs, Dls and the wider metrological community worldwide.

Consultation process

This strategic research agenda has been developed in consultation with the EURAMET Technical
Committees that have well-established links with key stakeholders in industry, business,
governmental organisations, regulatory bodies, Standards developing organisations, academia,
and NMIs and Dls globally that have informed their strategies. Furthermore, three EURAMET
Task Groups including external stakeholders, were established to cover the areas of health,
energy and the environment. Task Groups and the TCs have provided inputs to the challenge
driven sections of the SRA. A wider web-based consultation on the document, carried out with
our stakeholders, formed the basis of final revisions to the document prior to its publication.

Strategic Research Agenda for Metrology in Europe -10 -
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2 Metrology to Address European Grand Challenges
and Support Innovation

In this section we discuss the key challenges, state of the art and identification of future metrology
requirements and activities, and expected outcomes for each of the three grand challenges of
Health, Environment and Energy facing Europe. The strategic research agenda described here
is also aimed at accelerating innovation, not just in the industrial landscape where metrology
supports innovation in products, processes and services, but also in addressing the grand
challenges.

2.1 Health Grand Challenge
2.1.1 Key challenges

Healthcare is considered one of the major European Challenges and a strategic cornerstone in
almost all EU R&D programmes. In the upcoming decade healthcare will remain a top priority
politically as well as socio-economically, and its importance will even be intensified due to
demographic change and spiraling costs that put even the richest nations under pressure.

Total expenditure on health in the European region is 9.0% of GDP (2011)(7.9% in 2000) '

“Healthcare costs are rising faster than levels of available funding”'?

Notably, the EU is required by its founding treaty to ensure that human health is protected as part
of all its policies, and to work with the EU countries to improve public health, prevent human illness
and eliminate sources of danger to physical and mental health (EU Health Strategy "Together for
Health™3).

“As cancer is one of the major causes of ill health in the European Union, associated with a
considerable cost to society, it is essential to invest in Europe’s future health by taking long-
term and sustainable actions to tackle cancer.”*

A number of significant EU, World Health Organization (WHO) and other policy drivers®®:16.17.18,19,20
and foresight studies?*?22 highlight future healthcare challenges, and requirements for supporting
research and technology development. Identified healthcare challenges within Europe include:

e Personalizing healthcare, an ageing population and ]
the related rise in chronic diseases including
cancer, neurodegenerative disorders and
cardiovascular disease.

e Costly technological advances in screening,
diagnostics and therapies.

e More knowledgeable patient demand, and a
shifting paradigm from diagnosis and cure to
predict and prevent.
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Metrology has a critical role to play in addressing such health challenges. There is a significant
challenge to develop the necessary metrology as diagnostic and therapeutic methodologies are
constantly improved, sometimes with radical innovation, e.g. to ensure their safe and effective
application. Recent and ongoing developments require new understanding of the measurand and
novel application of biological, chemical and physical metrology. The solutions to many of these
challenges require cross-disciplinary research that is best delivered through collaboration
between the NMI community and external partners, e.g. WHO, IAEA. Such collaborative research
brings together different views, techniques and expertise leading to more general approaches
and cross-fertilisation of concepts. Many Horizon 2020 activities and other health programmes,
e.g. European Human Brain Project, EuroBiolmaging initiative and the Innovative Medicine
Initiative, would benefit from complementary underpinning metrology.

A major trend in metrology for health is to provide not only standards and traceability to the S| but
also to perform research and development for better, more advanced measurement procedures
in order to improve the quality and comparability of diagnostic results and therapeutic outcomes.

Health metrology has a wide stakeholder base including regulators, clinicians, healthcare
providers and related industries (e.g. bio/pharmaceuticals, in vitro diagnostics (IVD), advanced
therapies medical products (ATMP) and medical technologies). Europe is a world-leader in many
of these sectors, but lags behind North America and Asia in fast-growing technologies of the
future. This is a key conclusion of the 2013 Innovation Union Competitiveness Report**. The
report suggests that Europe risks falling behind in global growth markets such as health and
biotechnology. It is worth noting that there is significant investment in health metrology outside of
Europe, for example in China, Korea, Singapore and Brazil, as the necessity for healthcare
metrology is recognized around the world. Given the global strength of Europe’s medical
technology and pharmaceuticals industries, as well as the patient led demand for improved
treatments, it is imperative that European NMls continue to be at the forefront of metrology in the
sector. The NMIs have a responsibility to support this competitive edge by providing a robust
metrological infrastructure and innovative and translational R&D on measurement procedures,
international standards and advanced calibration facilities.

2.1.2 Current capabilities and the state of the art

NMIs have supported the healthcare community since their creation through the calibration of
medical thermometers, blood pressure devices, audiometry instrumentation, etc. Metrology has
contributed to better and more reliable healthcare results by underpinning comparability of
measurements and quality assurance. This has been realized through the provision of applicable
reference procedures, reference materials, reference data, and delivering traceability to primary
or secondary standards, e.g. dosimetry for radiotherapy, cholesterol standards for in vitro
diagnostics (IVD). As new treatments have been introduced new metrology has been developed
to support them, for example in the field of radiotherapy with the introduction of new modalities.
However, many modern innovations in the field require new, multidisciplinary forms of metrology.
There is often a high financial cost to the development of metrology capability in this field, in terms
of equipment and personnel, which means that collaborative research enabling access to medical
expertise and facilities not usually available in NMIs and Dls is often the best way to meet
emerging needs.

The health related projects in IMERA-Plus and EMRP have significantly improved the metrological
capability in Europe. Combining expertise and resources led to fruitful collaborations with
substantial results which otherwise were far out of reach for individual NMlIs. The broad spectrum
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of topics - including breath analysis, brachytherapy, regenerative medicine, infectious disease
diagnostics, external beam therapy, traceability of clinical measurements and magnetic
resonance imaging (MRI) safety - demonstrate the enormous diversity and interdisciplinary nature
of the projects. Much of this research was exploratory in character and has served as an essential
building block for a pan-European effort to tackle upcoming challenges for a much needed future
metrology.

There is a considerable diversity in the health related metrology research capability through
Europe, reflecting historical levels of investment and research in different NMIs — ranging from
world-leading to some institutes being relatively new to the field. The collaborative nature of the
iIMERA-Plus and EMRP programmes has helped to develop knowledge of health metrology in
NMIs to whom this has been a relatively new area.

The IMERA-Plus and EMRP projects involved non-NMI partners such as academics, clinicians
and commercial organizations. This has been a successful way to operate as not only do those
partners provide an insight into the end-user requirements, they also provide access to equipment
and expertise that is not present in the NMI community. There is a good and expanding use of
Designated Institutes where the expertise lies outside the traditional NMI community. This
remains an excellent way to gain access to state of the art equipment and specialist expertise to
facilitate metrological research. The partners have grown to recognize that metrology
compliments their research, product development and treatment of patients and it is expected
that such collaborations will be expanded in future research projects.

The original strategic outline of the EMRP for the
field of metrology for health?® was far-sighted and is
in most aspects still valid and up-to-date, but not yet
fully achieved — as would be expected in a sector
based on long-term research. Some of the very
promising and ambitious EMRP projects that have
achieved their aims would benefit from extension of
their activity in order to achieve sustainability and
achieve greater impact. Other topics not yet
selected for funding are still in demand and should
be considered in future calls.

Courtesy of NPL

2.1.3 Key activities

Healthcare spend represented 9 % of GDP in 2010 in the EU?® and is thus of the order of
€1 trillion. The most prevalent causes of death in Europe are circulatory system diseases
accounting for 39 %, cancer 26 % and respiratory 8 %?’. However, the life expectancy has
continuously risen over last decades due to better healthcare resulting in more survivors with
chronic disease and thus a high socio-economic burden across Europe. Furthermore, the
relentless rise in costs is not being matched with substantial improvements in outcomes. Our
current system of deciding on treatments based on population-based studies is increasingly seen
as being ineffective across a wide spectrum of therapies. This is exemplified by the problems of
failing “blockbuster” drug development, even though pharmaceuticals represent 19 % of the total
health spending¢. Therefore it is clear that new methods are required that can identify the right
patient for the right treatment at the right point in time. Given the very significant spend on
healthcare, improvements in metrological capability and the resultant enabled innovations have
the potential for very significant economic and social impacts and benefits.
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Priority areas for research reflect those of the Horizon 2020 Work Programme “Health,

demographic change and wellbeing?® that addresses major health-related societal challenges

and personalizing health care through its activities on:

Understanding health, ageing and disease

Effective health promotion, disease prevention, preparedness and screening

Improving diagnosis

Innovative treatments and technologies

Advanced, active and healthy ageing

Integrated, sustainable, citizen-centred care

Improving health information, data exploitation and providing an evidence base for health
policies and regulation

In response to these challenges, the EURAMET Health Metrology Task Group has considered
the metrology requirements through stakeholder consultation (including two workshops) with input
from the EURAMET TCs, policy organizations, end-users and technology providers. This review
confirmed that the underpinning metrology priorities for future European healthcare include the
following key metrological challenges.

Measurements and imaging at the molecular and cellular level

Improved imaging and measurement methods and techniques at the molecular and cellular level
are required regarding reliability and comparability of measurements, in order to support
innovation in, for example, bio/pharmaceuticals, advanced therapies (encompassing gene
therapy, cell therapy, tissue engineering, regenerative medicine and bio-artificial organs),
targeted drug delivery, engineered/synthetic biology, and medical devices and technologies.

Developments are required, for example, to spatially analyse and map quantitatively the detailed
chemical, mechanical and elemental composition of samples such as biological tissues, solid
surfaces or drug suspensions with emphasis on metrological traceability of results, and the
repeatability and reproducibility of such methods. Combined spectroscopic and imaging methods
for tissue environments would provide reliable and quantitative tools to facilitate research and
innovation.

Quantitative diagnostics

Metrological research is required to enable an improvement of =t
quantitative diagnostic methods and for achieving comparability &
of complementary quantitative diagnosis for quality assurance £

and reproducibility. This forms the basis for improvements in
patient care, predictive and preventative medicine, stratified and
personalized medicine and screening, and includes point-of-care

testing.

©iStock.com/BeholdingEye

Metrological traceability of results from quantitative diagnostics is still underdeveloped, resulting
in substantial retesting of patients when transferred from one hospital to another. Developments
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for enabling traceable and reliable measurements in diagnostic techniques are required especially
in:

biomarker measurements - particularly with respect to measurand definition and challenges
of traceability to Sl, trace level detection in complex biological systems and realising
traceability for multiparametric biomarker measurement,

imaging - improved resolution, sensitivity, quantification and discriminating power of
images, e.g. ultrasound, MRI, PET, SPECT, bio-imaging for diagnosis and also for
assessing therapies,

multi-modal diagnostic processes,

real-time imaging for guiding therapies, and

improved measurement function of medical devices.

Improvements in the reliability of point-of-care testing are urgently required, as these tests have
the potential to provide rapid diagnosis with consequent patient benefits and potentially reduced
financial costs, but at the same time are performed by non-specialists.

Supporting innovation in healthcare

Innovations in healthcare that will deliver:

¢ real-time and non/minimally invasive measurements,

¢ personalised and point-of-care healthcare, and

e modern therapies,
require metrological research and development in clinical applications to guarantee quality
assurance, traceability, reliability and comparability of measurements. The acceptance, safety
and efficacy of diagnostic procedures and therapies will be assured through such activity.

Innovative practices require metrology developments such as e.g. standards, agreed protocols,
quality system procedures, reference phantoms and measurement procedures. Examples include
e dosimetry necessary to underpin the clinical introduction of new radiotherapy modalities,

e.g. combined MRI-radiotherapy where the effect of the magnetic field on the delivered
dose and its efficacy needs to be established, and Hadron therapy,

characterization of radionuclides for their use in molecular radiotherapy,

precision medicine - more effective measurement of diagnostic and monitoring biomarkers
and increased integration with more patient specific therapies e.g. quantification of the
biological effect of treatments to facilitate personalised medicine, measurement of
biomarker signatures for cancer, cardiovascular disease, neurodegenerative disease or
diabetes and stratification of targeted therapies based on tumour ‘omic profile,

novel metrological approaches and standards to underpin safety and efficacy
measurements for emerging gene and cell therapies and engineered tissues and organs,

novel rapid diagnostic and screening approaches for pandemics and anti-microbial
resistance,

standards for acquiring and storing large multi-parametric datasets of clinical multi-centre
studies, and

standards and new metrology tools for ensuring compatibility of medical devices and
measurement procedures.

Further innovations in healthcare will increasingly necessitate greater interdisciplinary metrology
application e.g. nanomedicine will drive interface between biochemical with biophysical
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metrology, and synthetic biology and genome editing will drive interface with biochemical and
modeling and engineering disciplines.

Health protection

Metrology plays a critical role supporting the health protection of citizens, for example in food
safety, radiological and noise (hearing) protection, combating antibiotic resistance, and infectious
disease diagnostics and monitoring. Unsafe food containing harmful bacteria, viruses, parasites
or chemical substances, causes more than 200 diseases - ranging from diarrhoea to cancers.

Specifically for food safety, improved qualitative and quantitative measurement methods and
standards are required for traceable analysis of residues and pathogens (viruses, bacteria, toxins)
in foods and food substances. Of most concern for health are naturally occurring toxins and
environmental pollutants.

Procedures for enabling comparability and reliability of measurement results have to be
developed. This requires the extension of the existing metrological structures, to deal with the
specific challenges of detecting substances and pathogens, and with biological measurements.

New therapeutic and diagnostic methods with their sophisticated radiation fields require
metrological improvements in dosimetry for radiation protection of occupationally exposed
medical staff. This comprises the establishment of traceability and dissemination in dosimetry,
the development of new dosemeters and standards for quality assurance as well as improved
accuracy and reliability in dosimetric services. Furthermore, understanding of the risks to the
human arising from the radiation around nuclear medicine facilities (neutrons, photons, pulsed
fields) needs to be developed further.

Last but not least, there is a need for improvement of data gathering and analyzing methods, the
calculation of GUM-uncertainties to strengthen the current and upcoming experimental and
instrumental techniques. One of the target areas for making such improvements is the group of
imaging techniques, which are increasingly used for quantitative diagnosis, and multi-parametric
measurements. The evaluation of measurement uncertainty is critical in supporting all kinds of
decisions taken on the basis of medical and diagnostic data. Both for personalized healthcare as
well as for improvements in medical, clinical, epidemiological studies, and for “big data” scenarios
the experience of the metrological community in calculating uncertainties, risks and probabilities
is key.

2.1.4 Key outcomes

EURAMET aims to support European industries providing healthcare products and devices with
reliable metrology and testing regimes that provide help in meeting regulatory requirements,
improving accuracies and efficiency, and reducing time and cost of bringing products to market
without increasing risks to patients.

It is envisaged that ambitious, large-scale approaches that are beyond the capabilities of single
NMIls and Dls, bringing together multidisciplinary teams, will be required. To enhance the impact
of the R&D, the involvement of the user community such as medical practitioners and industry,
as appropriate, is necessary.
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The expected key outcomes of the metrology research and the development in the grand
challenge health include:

¢ Metrology and reference measurement systems to support improved, robust, reliable, less
invasive and more comparable clinical measurement by healthcare professionals
including medical physicists, clinical chemists and pathologists to enable a high level of
quality assurance in the clinics & hospital laboratories.

¢ Reduced uncertainty and enhanced comparability and stratification across the range of
clinical and diagnostic healthcare measurements, both supporting patient and doctor
confidence in more personalized therapeutic decisions, and reducing costs associated
with repeated testing and administration of ineffective therapies.

¢ Guidelines and written standards to achieve harmonization between different measurement
devices, techniques, and diagnostic modalities.

¢ Determination of fundamental data, algorithms and creating common databases needed for
comparing new data analysis tools to prevent wrong medical decisions.

e Measurement devices and reliable procedures for new techniques in diagnostic and therapy
to enable their introduction in clinical routine and hence to support the European
healthcare industry.

¢ Metrology support for regulatory and quality Standards compliance of new in vitro diagnostic
(IVD) devices and medical instruments, including novel point-of-care (POC) and rapid
screening tests.

¢ Enabled development and enhanced end user confidence in safety & uptake of novel and
advanced therapeutics and targeted therapies and pharmaceuticals.

¢ Creation of an interdisciplinary infrastructure dedicated to metrology in health.

e Creation of a network of metrology institutes (NMls, Dls), international key healthcare
organizations, clinics, patient advocacy groups, healthcare companies and international
organisations (e.g. IAEA, WHO) working towards improved healthcare measurements.

2.2 Environmental Grand Challenge

2.2.1 Key challenges

The European Union (EU) have stated that “Environmental quality is considered central to health
and well-being.”, and have introduced laws “... to ensure the careful use of natural resources, to
minimise adverse environmental impact of production and consumption ...” Furthermore, the EU
strives for “... tighter environmental standards and for effective action against climate change”®.

The key environmental challenges facing Europe have very significant costs associated with
them. To address these challenges, “the EU has agreed that at least 20 % of its €960bn budget
for the 2014-2020 period should be spent on climate change-related action”. Furthermore, there
will be significant costs for adaptation actions to alleviate the effects of climate change®. As
highlighted by an EC impact assessment3' “The minimum cost of not adapting to climate change
is estimated to range from €100bn a year in 2020 to €250bn in 2050 for the EU as a whole3?”.
The EU‘s General Union Environment Action Programme to 2020 ‘Living well, within the limits of
our planet’ states: “In 2011, disasters partly due to climate change resulted in global economic
losses of over €300bn”.

Strategic Research Agenda for Metrology in Europe -17 -
Version 1.0 (03/2016)



“ N
EURAMET

Many of the challenges that Europe faces in order to
promote innovation and ensure sustainable growth in the
future are dependent on addressing environmental grand
challenges, specifically in the areas of climate change [e.g.
Directive 2003/87/EC?®®], and environmental sustainability
and pollution [e.g. Directives 2004/107/EC34, 2008/50/EC?33,
2008/56/EC 3¢ 2013/39/EC 3" , 2010/75/EU 3% and
2002/49/EC *° ). Furthermore, there are international
protocols and ftreaties to which the Member States in
Europe are party, e.g. Geneva Convention on Long-range
Transboundary Air Pollution4®, Kyoto Protocol*', ‘Rio +20’4?, and Minamata Convention on
Mercury*® that demand and drive international collaboration on environmental metrology.

©iStock.com/cristimatei

“To prevent the most severe impacts of climate change, the international
community has agreed that global warming should be kept below 2 °C
compared to the temperature in pre-industrial times.”**

“Preventing dangerous climate change is a strategic priority for the European
Union.”

“Reining in climate change carries a cost, but doing nothing would be far more
expensive in the long run.”®

It is essential that European (and global) policies on reducing anthropogenic effects on climate
and implementing appropriate adaptation measures to climate change need to be based upon
sound science and valid climate change predictions. A holistic view, based on comparable data,
encompassing the atmosphere, oceans and land as well as solar and terrestrial radiation is
essential for reliable climate change modelling.

“Uncertainties about the extent of future climate change' and 'unclear responsibilities' were
both seen as barriers by a large number of countries [to taking action to adapt to climate
change].”¢

Understanding and predicting climate change necessitates climate monitoring. Reliable climate
predictions require quality models, traceable data and uncertainty budgets. Clearly, metrology
has a critical role to play in monitoring, understanding and predicting climate change.

“This means not only to understand climate change but also to establish on the best
possible scientific foundation the climate information services expected by decision
makers.” 47

EU policy on environmental pollution and environmental sustainability, as illustrated by the
General Union Environment Action Programme to 2020 ‘Living well, within the limits of our
planet’*® has targets on various aspects of pollution; for example:

e achieving good environmental status (GES) of EU marine waters by 2020495051,

¢ achieving air quality that does not impact negatively on human health or the environment®?,

e reducing noise pollution354,

Strategic Research Agenda for Metrology in Europe -18 -
Version 1.0 (03/2016)



“ N
EURAMET

e continued implementation of REACH and support for the objective of a non-toxic
environment?%:56

¢ addressing safety concerns related to nanomaterials and materials with similar properties,
and

¢ ensuring the promotion of an economically, socially and environmentally sustainable future
for our planet, for example to support the aim of halting global forest cover loss by 2030.

The successful implementation of such policies requires the necessary underpinning metrological
capability to enable their enforcement. As legislation on environmental concerns becomes more
stringent, with limit values decreasing and new types of pollutant being encompassed by the
legislation, the metrological capability needs to be further developed to support robust, fit for
purpose monitoring and enforcement capabilities.

“The 7th Environment Action Programme (EAP) shall contribute to a high level of
environmental protection”’

Key European environmental challenges:

¢ Climate change and adaptation
e Pollution and emissions reduction
e Environmental and resource sustainability

Courtesy of NPL

Traditionally operating in individual fields, metrology has focused on the improvement of
standards for units, carrying out independent research and dissemination. Such an approach
allowed achieving knowledge, experience and top level practice in measuring almost any quantity
and evaluating uncertainty. Further activities are required in metrology to address the
measurement needs expressed by global key institutions such as the World Meteorological
Organization (WMO), Global Climate Observing System (GCOS), Global Atmosphere Watch
(GAW), Intergovernmental Panel on Climate Change (IPCC), and the Food and Agriculture
Organization (FAO) to provide environmental traceable measurements with reliable uncertainty.
This means better comparability as well as lower uncertainty and a larger volume of high quality
stable standards and reference materials that meet the objectives of these organizations and the
global demand for data quality. To reach higher effectiveness, it is essential to combine the
expertise achieved in the individual, traditional fields of metrology into new interdisciplinary and
multidisciplinary (ID-MD) strategies to be developed and embraced by NMls as well as the RMOs.
Valuable advances and benefits to the society will be achieved if metrologists work under this
new ID-MD strategy.

2.2.2 Current capabilities and state of the art

Under the EMRP, the targeted interdisciplinary programme Environment 2010 call has delivered
valuable results and advances in improving traceability and measurement capabilities for climate
and environmental monitoring, as well as the activities planned in the 2013 call on the same
programme®. New advanced measurement facilities and calibration capabilities were developed.
Comparisons were carried out and results benefitted end users, instrument manufacturers as well
as metrology laboratories having to deal with instruments used in field measurements for
environmental, meteorological and climate investigations. Seminars, training events, workshops
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and conferences® were organized to make the two communities meet and get mutually involved
in common activities.

Metrology in support of the climate change studies deals with a complexity of techniques to
measure and record the many “Essential Climate Variables” (ECVs) as defined by GCOS®°.
Grouped in three main domains: Atmospheric, Oceanic and Terrestrial, those variables require a
multitude of instruments and methods to be traceable and comparable irrespective of location and
time. Remote observation of the Earth from satellites for measurements of atmospheric chemistry,
surface radiation budget, and ocean and land cover properties as well as surface based
measurements for atmospheric monitoring and soil, snow, ice, deep water and permafrost
properties generate daily amount of data requiring robust quality assurance. Only through
collaborative European effort can NMls contribute to the necessary advances in measurement
quality. Activity is required to link to the Sl the important variables and to enable rigorous
assignment of uncertainty to multi-decadal climate data records which are representative of the
globe but derived from local samples.

Past EMRP projects on local pollution have focused m
on air and water-borne contaminants and on F -
radioactive pollutants. For airborne particulates, 3

metrics that are currently and commonly used are

not the most effective when describing effects on o
human health, and also have limited validity for j
application to nanoparticles. Emerging parameters v
are potentially more reliable as indicators of

possible health effects, but the metrology for them i

is not well established and often lacks traceability. A

The next generation of air quality legislation is n n n “ ﬂ
being held up as a result of these deficiencies and

this need to be addressed urgently. Metrology R&D is required for this and also for other
pollutants where current metrological capability does not satisfy requirements — especially for low
concentration and isotopically matched reference materials.

""-,‘

Facilitated and encouraged by EMRP projects, metrologists from European NMIs are now
members of institutions and committees dealing with environmental issues, e.g. WMO
commissions, GAW, ISTIl, GCOS GRUAN, BSRN, IRS, GEO and CEQOS. Conversely, experts in
meteorology and climatology now participate in working groups and task groups of CIPM’s CCs
and EURAMET. Such inter-exchange of memberships has been established in recent years
through the activities carried out by NMIs mainly within EMRP projects and supported by long-
term visions. This mutual involvement provides a sound basis for plans aimed at delivering
valuable results and impact to society. It ensures relevance to the user community and thus
technology uptake, and should be extended to the numerous Institutions dealing with
environmental activities.

NMIs have provided critical support in validating the data used to generate climate projections
and in providing standards for the evaluation of historic climate records. However, suitable
measurement methods to securely transfer traceability to the end user are missing (e.g.
monitoring laboratories in the field, including in remote locations). Therefore, additional research
efforts beyond the provision of national standards are required. Measurements in a monitoring
laboratory must be traceable and of a sufficient quality to meet the legal and scientific
requirements at reasonable costs. In many cases the standards or methods need to be
autonomous in nature, where stations or test-sites are unmanned.
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Facilities developed by some NMIs under the course of the EMRP environment projects, such as
stationary laboratory or transportable and mobile systems for the calibration of temperature,
pressure, radiation, gas analysis sensors are now available or have to be developed to improve
calibration and to evaluate novel wireless, low-cost and miniaturized sensors with respect to their
characteristics and dynamics. An example is
for assessment of the Day Temperature Range
(DTR), considered a robust indicator to capture
climate trends. Such low cost sensors may
help establish economically viable spatially
dense field-based networks, e.g. for noise
measurement in urban and marine
environments and air monitoring. Furthermore, |
multi-parameter distributed measurements for |
environmental monitoring (regulatory) and |
security (e.g. detecting toxic aerosols in air) are
also emerging.

©iStock.com/Inok

2.2.3 Key activities

The EURAMET Environmental Metrology Task Group has reviewed the metrology requirements
of EU policies and directives, of other policy organizations, end-users and technology providers,
along with input from EURAMET’s Technical Committees (TCs). This has identified underpinning
metrology challenges to address the European environmental challenges, including the following.

Metrology for climate monitoring and meteorology

Metrological research and development supporting climate change understanding, monitoring,
modelling and forecasting, is required in a number of areas and for a numerous measurands,
each presenting its own challenge.

¢ Global warming, an indicator of climate change, is mainly based on surface air temperature
trends, mostly obtained historically from records of surface based meteorological
observations. Future reference-grade ground based stations for the generation of
temperature data purposely designed for climate trend records need metrological support
in evaluating sensors characteristics, calibration and measurement uncertainties, and in
defining data qualities and target uncertainties. For lakes, sea and ice surface temperature
and depth profiles there is need for homogenous methods of measurement. These need to
be correlated with observations derived from satellites which by their global nature are
becoming the bedrock of future long term climate data records. Permafrost temperature is
a key parameter in paleo-climatology and geology: measurement practices are emerging
but further work is needed to establish dedicated calibration procedures and uncertainties
evaluations for sensors immersed in boreholes.

e Physical and chemical properties of the atmosphere, i.e. its physical state, the chemical
composition as well as the essential transport processes by means of optical remote
sensing methodologies and local “in situ” sensing techniques, focusing on establishing
traceability in measurements and the evaluation of uncertainties, for important atmospheric
constituents and their precursors, reaction partners and isotopologues of the atmospheric

Strategic Research Agenda for Metrology in Europe -21-
Version 1.0 (03/2016)



“ N
EURAMET

Water-, Ozone-, Nitrogen-, Carbon- and Sulfur-cycles, and other reactive climate change
relevant gaseous components.

¢ Metrological developments for accurate particulate, aerosol and nanoparticle detection and
traceable characterisation of important particulate metrics like size, size distribution, optical
properties etc.

o Establishment of traceability and data quality for atmospheric and soil humidity and the
water cycle as a whole from both in-situ and remote sensing techniques including those
from space.

W e Forimproved modelling of ocean currents, necessary

y ‘ for improved climate change models, metrology for

determination of relevant parameters in the marine
environment (such as sea water salinity, pH, density,
speed of sound, heat capacity, dissolved oxygen content
and composition including chlorophyll and other
biophysical ECV indicators) where metrological
traceability and accurate measurement are key
: challenges.
Metrology to establish and underpin traceability of key ECVs related to land processes,
vegetation and the carbon cycle are in urgent demand. Forests are major natural sinks of
carbon: however there is no reliable traceable method to establish an uncertainty estimate
for the quantity of stored carbon. Here, many of the challenges relate to the complex nature
of biological parameters and how they relate to physical measurands such as reflectance
and fluorescence.

e Climate trends in the arctic regions are significantly amplified®'¢2: accurate measurements
to quickly capture trends are there of unique importance at a global scale. As climate change
melts arctic permafrost, it releases large amounts of methane into the atmosphere, creating
a feedback loop that triggers additional warming. Global warming also reduces the iced
surface in the arctic and anticipates the snow melting day in land areas, changing radiative
equilibrium thus amplifying the feedback. The extreme ranges of variability of the key-
quantities measured requiring higher accuracy than for other areas need dedicated
calibration procedures and specific uncertainty evaluation. The logistical difficulties in
reaching, removing, handling instruments for the calibration campaigns require self-
validating in situ measurements and calibration devices operating in arctic-based research
stations.

¢ Remote monitoring of the Earth from space is recognised as the only way to achieve the
fully global Fundamental Climate Data Records (FCDR) needed by GCOS to detect trends
and reliably assess attribution. However, most sensors are designed for operational
measurements such as meteorology and environmental monitoring such as the Sentinels
of the EU Copernicus program and do not have the Sl traceability and uncertainty needed
to meet the demanding needs of climate science. Although there is still much work to do at
satellite, aircraft and in-situ validation levels to ensure that these operational measurements
are fit for purpose, arguably the most critical challenge is to establish the standards and
methods needed to facilitate the creation of a fully integrated space, and associated surface
networks, Sl traceable global climate observing system at the uncertainties needed to
detect decadal trends in Fundamental Climate Data Records (FCDRs)%. Research is
needed to cover FCDRs that encompass the Earth and Sun system utilising the full
electromagnetic spectrum. It also needs to evolve and adapt traditional metrological
concepts to derive and assign meaningful uncertainties to 'information and services' (e.g.
needs of EU Copernicus Climate Change Service C3S).

©iStock.com/EpicStockMedia
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e Historical archives used to evaluate climate trend are mostly based on data from
meteorological observations. Small to medium scale of network of reference stations,
purposely installed for climatology are missing and required for the future work of
harmonisation and homogenisation®4. The joint work of NMls is needed to carefully evaluate
all the metrological aspects of such stations networks and collaborate with WMO (CIMO
and CCI) for the transnational agreement required, towards a recognized standard at
European level, comparable with other already existing networks®°,

Metrology for pollution and resource sustainability

Key metrology challenges for pollution monitoring and in support of resource sustainability include
the following.

e Comparable, accurate and traceable measurements and reference materials are required

to evaluate the presence and fate of currently measured and emerging pollutants and
regulated substances in air, water, soil and biota. Metrological research should also include
for the evaluation of carbon sequestration technologies. In many cases, the legislative
requirements for measurements are technically very challenging with respect to the relevant
concentration ranges as well as the accuracy.
In this respect, the development of reference o
materials and reliable analytical techniques at
trace and ultra-trace level, such as hyphenated
and fractionation techniques enabling
speciation, are essential. Improved field
metrology is also necessary for monitoring
pollutants and regulated substances. A change
in paradigm, switching from determination of
the chemicals present to determination of their
effects through the use of biomarkers and
bioasssays, requires metrology development.

e New and improved metrics and metrology needs to be developed to characterize
particulates in the environment with focus on particulates in ambient air. Traceable
measurements are required for size, number concentration, mass and surface area for
particles from a few nm up to several um, especially at low concentrations and for
nanopatrticles of different type and morphology. The chemical composition of particulates
also remains a key issue for air quality. Robust measurand definitions and measurement
methods are required for emerging pollutants and for quantities of interest of particulates,
e.g. Cr(VI), oxidative capacity and total carbon.

e There is need to considerably improve the dosimetric and nuclide specific information
received in real-time and minimizing environmental impacts by developing mobile systems
for rapid in-situ measurement to monitor the vicinity of the nuclear facilities (power plants,
industrial and medical) during the operation, the decommissioning and in case of accidents.
The development of improved measurement systems for free release measurement is also
required together with characterisation of radioactive waste. The development of traceable
calibration, new reference materials and appropriate technical procedures for measurement
and monitoring systems are required.

o Development of metrology for environmental forensics and monitoring the worldwide trade
of environmentally critical products e.g. validated methods and reference materials for
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identifying the source of pollutants, the origin of fuels, and to verify the geographic and
biological provenience of natural products to support their sustainable resource exploitation.

e Metrological development for monitoring environmental noise pollution in air and in the
marine environment, to protect the citizen and enable sustainable exploitation of the
environment, and also for light pollution. Particular opportunities are presented for noise
monitoring by the emergence of low cost sensors with potential for a network approach to
gathering data, with consequent new demands for supporting metrology.

Generic challenges for environmental metrology

Underpinning metrological support is required to develop complex data analysis techniques, to
establish traceability and evaluate uncertainties, thus adding value to the interrogation of
multivariate data sets that are now routinely produced.

Specific emerging techniques and methodologies with (potentially) well-defined traceability are of
considerable importance for environmental, meteorological and climate studies. High resolution
spectroscopy, for example, can serve for hygrometry, chemistry (air quality), ionising radiation
protection and more. Furthermore, and as supported by EU Decision 1386/2013/EU% “Many
environmental challenges are global and can only be fully addressed through a comprehensive
global approach ...”, collaboration not just within but beyond the borders of Europe needs to be
encouraged in order to reach international consensus on metrological best practice.

Assurance of traceability from NMIs and Dls to end users requires overarching activities including
understanding the measurement requirements of field work, calibration transfer protocols,
reference materials and devices, and training of technical staff. Links with existing networks and
measurement programmes need to be reinforced where existing, and established where
appropriate. Metrology activity should also be targeted to (i) supporting and ensuring the
continued quality of long term activity, e.g. GCOS, GRUAN and WCRP Polar prediction, (ii)
challenges concerning the provision of artefact standards over long periods of time, e.g. gas
reference standards; and (iii) accommodating the use of established scale parameters, e.g. for
salinity, ambient CO, and CH4, where full traceability to the Sl is not provided or can be improved,
and (iv) improving the accuracy of sampling methodologies, such as for industrial emissions, and
the reliability of data modelling used in environmental studies.

2.2.4 Key Outcomes

The opportunity to involve expertise on key techniques developed outside the traditional
metrology fora will be a key element for the success of the environmental metrology strategy. By
combining individual measurements through pursuing a novel strategy involving simultaneous
multi-parameter measurements and interdisciplinary and multidisciplinary work, the metrology
community will achieve novel capabilities and expertise. From such an approach, expected
outcomes will include:
e comparability of the rapidly increasing quantity of data obtained by a multitude of
measurement systems, locations, instruments and methods;
¢ development of improved measurement methods, calibration standards and guidelines
across a variety of technical disciplines as a the result of coordinated research and
interaction with relevant stakeholder communities;
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development of novel calibration facilities (including in-situ), to provide full traceability to
stations measuring key parameters for climate, meteorological and the environmental
science;

metrological tools, standards and capability to enable fully global multi-decadal
Fundamental Climate Data Records (FCDR) to be established with sufficient uncertainty
and confidence that facilitates policy makers to take appropriate action on mitigation and
adaptation to climate change in a timely manner, ideally limited by noise from the
background natural variability and not in the accuracy of the underpinning observation.

direct impact and traceability to environmental and climate science R&D through joint
activities for implementing metrology laboratories outside of NMlIs and Dls, with focus on
remote locations such as polar regions and oceans;

a collaborative support from metrologists addressing the effort started by the climate
community in soliciting for the creation of reference networks of comparable surface
stations®’;

delivery of high quality data for accurate determination of trends in global temperature
anomalies and in atmospheric trace gases, and in understanding atmospheric processes
as well as the carbon, water and radiation cycles which drive the climate forecast model;

the creation of common infrastructures and working groups between the metrology and
meteorology and climate communities to allow the establishment of robust, durable and
unambiguous communication paths, to make progress faster towards a sustainable
society;

support to EU in implementing regulations and formulation of new and better targeted
policies in environment through providing standards and reducing uncertainties in
calibration and measurements, to reduce the impact of pollution and the cost of damage
to health and environment.

Clearly, metrology has key roles to play in improving climate predictions and the trust that can be
placed therein to support decision making on mitigation and adaptation policies, and in protecting
the environment through its role underpinning pollution monitoring and environmental protection.
Through the actions here proposed, metrology will further its unique contribution to the benefit of
the European society, economy and the environment.

2.3 Energy Grand Challenge®®
2.3.1 Key challenges

World energy consumption continues to grow. Demand is projected to increase by 37 % to 20406°
and despite a growth in energy supply from renewables, fossil fuels continue to dominate supply
across all regions. The EU-28’s import dependency for fossil fuels (53.4 % in 2012) means that it
is very sensitive to price fluctuations in the global market’. In addition Governments’ carbon
reduction targets and consumers’ expectations of a secure and affordable supply present
significant challenges to the sector.

A broad consensus has emerged amongst policy makers, the energy industry and energy
campaigners globally that the energy ‘trilemma’, first coined by the World Energy Council in 2011,
succinctly encapsulates the challenges faced by Governments, industries and societies across
the world. The trilemma refers to the following three key drivers of energy policy across the globe,
as follows.
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Key drivers of energy policy:

e Reducing carbon emissions
¢ Maintaining affordable energy
e Securing energy supply

The sustainability of the energy mix and the efficiency with which energy Fistockcom/EpteSiocifeda

is generated, transformed, transported and used are key aspects of this trilemma that impact both
the affordability and security of supply.

Reducing carbon emissions

Tackling climate change by reducing emissions of carbon dioxide has enormous implications for
the energy sector, which is responsible for 70 % of global CO, emissions (CO, emissions from
fuel combustion, IET, 2014). The sector's enormous contribution to emissions sees it heavily
impacted by the European Union’s drive to transition to a low-carbon society, as reflected in the
2020 targets of the EU climate and energy package’".

The EU’s climate and energy package set targets for 2020 of:
¢ Reduction in EU greenhouse gas emissions of at least 20 % below 1990 levels
e 20 % of EU energy consumption to come from renewable resources
¢ 20 % reduction in primary energy use, achieved by improving energy efficiency

The EC proposes that these goals can be met by:

¢ electrification in energy supply and end use across all energy-using industry sectors,

¢ increasing low carbon technologies in the electricity mix from around 45 % today to 60 % in
202072,

e developing and integrating smart electricity grids and technologies enabling distributed
generation, electrification of transport, and to respond dynamically to demand side
efficiency, and

e implementation of the EU Directive on Energy Performance of Buildings’ requiring all new
buildings to be zero-energy from 2021 onwards.

The EU estimates the level of public and private investment to meet the 2020 targets to be €270bn
per year.

Maintaining affordable energy

Access to affordable energy is critical to the well-being of nations and their economic stability and
growth. Pressure is being put on global energy supplies by the rapid industrialisation of countries
such as China and India. This increased demand is reflected in rising energy prices.

Emission reduction targets and the implementation of new regulations are forcing the closure of
existing power plants and increasing pressures on energy generators. With natural resources and
their use in traditional fuel plants in decline and global demand for energy rapidly growing, both
competition for supply and price are rising.
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Rising prices can be buffered by differentiating the fuel mix that Europe is dependent on,
developing capacity in European-based low-carbon energy sources and thus reducing its reliance
on imported fossil fuels. In 2011, investments in renewable energy almost reached the level of
investments in power generation based on fossil fuels. Globally, they have passed $250bn”4.The
development of new technologies for low-carbon energy generation, electrification and smart
grids, and improved energy efficiency also provides economic and social benefits.

Security of supply

The large increase in energy demand has been reflected in a corresponding increase in supply.
But energy demand is still primarily met by oil, natural gas, coal and peat. Notable changes in
supply have been an expansion of nuclear power since 1995 and a growth in renewables from
an overall share of energy in the EU-28 of 8.7 % in 2005 to 15 % in 20137°. Given its reliance on
fossil fuels and therefore energy supplies from outside of Europe - the EU imports over 60 % of
its gas and over 80 % of its oil — the current situation does not reflect a reliable and secure energy
mix.

The volatility of availability and price of natural resources and the need to meet clean energy
targets are driving the EU and member states to diversify their energy supplies to ensure that a
secure energy mix remains available to their citizens and industries. This drive to increase the
diversity of the energy mix has seen a large investment in renewable and low carbon energy
generation. There is, furthermore, need to ensure the reliability of the energy transportation
infrastructure addressing, for example, the new requirements an increasing energy mix places on
the system.

However, investment in clean energy technology alone will not address the short to medium term
concerns over security of supply and affordability. In Europe, fossil fuels provide for more than
50 % of the electricity production. Therefore, R&D is required not only to support the development
of low carbon and renewable energy sources but also to drive greater efficiencies and lower
carbon emissions in traditional fossil fuel-based generation.

Addressing the three drivers of the energy trilemma will require significant investment in research
and development. (Metrology is a critical aspect of this investment providing underpinning
measurement capabilities, standards and guidance needed to ensure that policy and regulatory
targets are met.

2.3.2 Current capabilities and state of the art

Most of the modern innovations in the field of energy production, transportation and consumption
require new and interdisciplinary areas of metrology. Within the EMRP calls of 2009 and 2013
under the theme of ‘Energy’, NMlIs and Dls have been running a number of research projects that
have significantly improved the metrological capacity relevant to the energy sector in Europe. In
these projects, the institutes have been jointly exploiting their extensive experience and diverse
facilities in a wide range of metrology fields related to energy. These collaborative efforts
appeared extremely fruitful, yielding valuable results which otherwise could not be achieved by
individual NMI’s.

The spectrum of topics addressed by the joint research projects is very broad, reflecting the
diversity of energy applications and the required metrology. A major part of the projects under the
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2009 and 2013 EMRP ‘Energy’ scope are concerned with metrology for energy generation, both
conventional and carbon-based generation as well as generation via more sustainable, renewable
energy sources. Specifically, projects were launched to aim for:
e Making large scale power plants more efficient by improving the metrology of critical
monitoring and control parameters.

Enabling a new generation of nuclear power stations, addressing measurement challenges
posed by new designs.

Acceleration in making biofuels and renewable gaseous fuels (biogas and/or hydrogen) part
of the future European fuel mix via reliable measurement of their key properties, to assess
their quality and increase safety.

Getting data and valuable metrological information for the multiphase production of oil and
gas, and the inline detection of viscosity of non-Newtonian fluids in the energy sector.

Developing metrological tools required to improve the efficiency measurement and
efficiency of current photovoltaic (PV) devices and to enable the production of the next
generation of solar cells. Furthermore, realisation of a new classification system of PV
devices based on their energy production under different operational conditions.

Delivering calibrated measuring standards and procedures for accurate measurement of
vital drive train components used in renewable energy systems such as wind farms.

Further projects aimed to improve electricity transport and increase energy efficiency via:
¢ Realisation of the metrology infrastructure required for the successful implementation of

smart electrical grids and high-voltage DC transmission lines, to cope with the increasing
decentralization of power generation and the need for low-loss long distance electricity
transport.

Development of advanced voltage and current sensors for future power grids.

Enabling natural gas trading in liquefied state (LNG) to facilitate new “medium and small
scale” use, like in ground and maritime transportation (vehicles, trucks, trains, and ships).

Development of metrological tools needed for introducing new energy efficient lighting.

Enhancing energy efficiency through energy harvesting.

Finally, two projects relate to the characterisation of new materials relevant for the energy sector,
such as the structure and unique mechanical, electronic and thermal properties of thin films and
fibre reinforced plastics.

Most of the projects have been multidisciplinary, covering several fields of chemical and physical
metrology. Together, they delivered many new measurement techniques and methods, sensors,
calibration methods and facilities, data sets and best practice guides. This has enabled the energy
sector to make significant steps forward in improving energy efficiency and reducing greenhouse
gas emissions.

Even though important advances have indeed been achieved "1
in the EMRP projects, the challenging European target in :

reduction of greenhouse gas emissions can only be reached

with significant further metrological developments. Clearly

research is needed in areas with no or limited present

metrology activity such as energy storage, energy conversion,

electrification of transport, and energy efficiency. But also

many of the challenges already worked on are so extensive

that several (successive) projects are required to cover all

needs expressed by European industry and policy makers.

©iStock.com/typhoonski
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The metrology challenges in the energy area typically require a hitherto unexplored range of
interdisciplinary research that not only develops new laboratory standards, but also delivers new
methods and instrumentation that are able to achieve sufficiently accurate and reliable results
under harsh on-site, industrial conditions.

2.3.3 Key activities

In comparing the ‘energy trilemma’ and the related metrology challenges to the present state of
the art, it is clear that significant research effort is required to achieve the ultimate aim of a
European-wide sustainable, affordable and secure energy supply. Following review of key energy
strategies and policy, the EU SET-plan and input from the EURAMET TCs, the EURAMET Energy
Task Group has identified the following key underpinning metrology activities along the energy
chain from production, through transmission and storage, to end-use, as well as cross-cutting
themes such as energy efficiency and new materials.

Metrology for Energy Production and Conversion

One of the key ingredients for solving the energy trilemma is the increased uptake of renewable
energy sources (RES) in the European energy mix, such as wind, tidal and solar energy via photo-
voltaic (PV) cells and concentrated solar power (CSP). In practice, there is an enormous variation
in renewable production size, ranging from large-scale wind parks down to local domestic solar
panels. Renewable energy metrology challenges relate to the characterization of materials and
critical components in the variety of renewable energy sources, as well as to measurement tools
for monitoring and improving their performance and effective life time. These results should feed
into new industry standards.

Given the present low share of renewable energy sources to the total energy production and their
limited output predictability, conventional carbon-based and nuclear power plants will remain
crucial in the coming decades for ensuring the continuity and security of our energy supply.
Therefore, metrology support is required for research challenges related to conventional fuels,
such as optimised recovery of oil and gas and other carbon-based fuels. At the same time, novel
gas, biomass and waste fuelled power plants are being developed with reduced environmental
impact. In order to optimize the effective, efficient and safe operation of both conventional and
novel power plants, it is necessary to develop more accurate and precise temperature, humidity,
flow, radiation, pollutant emissions and electrical measurement tools for monitoring and
controlling processes. Systems for reliable field measurements of fuel properties, fuel
consumption and particulate emission are needed, in particular for biomass combustion plants.
Combined with development and metrological characterization of new materials used under
extreme conditions in these plants, this will lead to increased efficiencies and safety in energy
production.

With the increasing variety of energy sources in the energy mix, the importance of efficient
conversion between different energy sources increases as well. Measurements are indispensable
for characterization of critical components and for achieving insight in the energy conversion
process, such as in heat pumps, fuel cells, transformers or motors. Determining the efficiency of
the conversion process requires an interdisciplinary approach, with uncertainty requirements that
become extremely challenging as the conversion efficiency approaches 100 %.
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Metrology for Energy Transport and Storage

An affordable and secure energy supply requires an extensive infrastructure to transport energy
from the production location to the end-users. At present, electricity and gas grids are the main
infrastructure to serve this need; they face significant new metrology challenges given the
increasing amount of RES.

The limited predictability in the daily and even shorter-term fluctuations of RES, combined with
large new loads such as electric vehicles, challenges the stability of the electricity grids and
endangers both the security and quality of our electricity supply. This calls for development and
in-situ application of fast, synchronized measurement devices for grid phasors and grid power
quality. Grid modelling should not only determine the best location of these devices, but also
support their application to new grid monitoring and control tools such as real-time source location
of bad power quality or grid instability. To connect the %
new instrumentation to the grids, novel non-invasive
wideband instrumentation transformers are needed,
compatible with present grid automation standards.

The increased injection of biogas, biomethane and
hydrogen into natural gas networks requires more
research in determining energy content for trade (billing)
via fast and accurate gas-composition analysis and also
accurate detection of dangerous compounds for human
health and safety of appliances.

©iStock.com/photosbyjim

Storage is required to smooth the discontinuous energy production of renewable energy
sources and to support balancing energy production and demand. Storage technology is diverse
and ranges from batteries, fuel cells, flywheels, thermal storage and to pumped hydro-power. One
further example is Power-to-Gas technology, to convert surplus electricity into hydrogen
subsequently fed into the natural gas network or used directly for vehicles or industrial processes.
Metrology support for storage applications concerns measurements to characterize and better
understand the storage process and to determine its efficiency.

Metrology for Energy Use

A very significant way of contributing to realisation of the Energy Trilemma is a reduction in energy
use — one of the three targets of the EU’s 2020 climate and energy package. Any energy not
used, does not need to be generated and thus directly contributes to a reduced environmental
impact, such as CO; emissions and waste.

Energy reduction first of all can be achieved by increased customer awareness on their energy
consumption, based on advanced energy measurement technology such as the next-generation
smart electricity meters and specific sensors for gas quality and heating values. A major
contributor to reduced energy use is enhanced energy efficiency, as recognised by the third EU
2020 energy and climate policy goal. Since ventilation, cooling and heating is very energy-
intensive, a significant contribution in energy saving can be made via calibrated tools for
controlling and optimizing the heating, cooling and air conditioning of buildings. This is particularly
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important given the EU directive’ to have new buildings energy neutral in 2021. The Energy
Efficiency Directive (2012/27/EU) sets the principle that energy costs allocation should be based
on actual user’'s consumption. Insofar as thermal energy is concerned, the accuracy of existing
individual heat meters is often inadequate, which implies a need for R&D in that area. In the
Ecodesign Directive’”, the EU places energy efficiency requirements on a large series of
instruments and appliances whereas in many cases the metrology infrastructure to actually verify
the compliance on industry products against this directive is lacking or incomplete. For example,
traceable measuring techniques need to be developed for the characterization and certification
of new Solid State Lightning devices like light-emitting diodes (LEDs) and organic light-emitting
diode (OLEDSs), for grid power transformers, for motors, and standby power. It is expected that
more metrology challenges will arise as the EU expands the range of products falling under this
Directive.

Road, rail, water, and air transportation is another energy-intensive industry sector, where
significant advances can be made by moving to more sustainable (and environmentally more
friendly) energy sources such as electricity, hydrogen or natural gas. As an example, the required
metrology support for electric vehicles (eV’s), natural gas vehicles (NGV), or vehicles running on
hydrogen covers a variety of research areas such as batteries, fuel cells, frequency converters,
motors, and DC electrical metering. Reliable metrological measurement and testing of critical
parameters under in-situ conditions, combined with advanced modelling, will provide the
necessary scientific understanding of the performance, lifetime and safety of these vehicles.
Novel measurement and modelling tools are required as the basis for future harmonised test
protocols and standards.

On-site instrumentation and metrology tools not only are important in transportation but also in
wider industry sectors. In order to make industrial facilities more energy efficient, there is a need
for developing specific instrumentation to monitor and optimize the use of energy.

Liquefied natural gas (LNG) is another promising fuel for a variety of applications including
transport, but requires new calibration technologies to determine, in a faster and accurate way,
the composition, density, calorific value and flow of LNG in custody transfer and when used as a
fuel.

A so far unexplored metrology area is the measurement support to re-use of energy waste.

Efficiency and other cross-cutting subjects

Energy efficiency is not only a crucial theme in energy use, but in the whole energy chain from
generation, transmission, distribution, to the end user. Even small improvements in efficiency
have a large impact of the environmental footprint of our energy infrastructure when they are
made in devices from which millions are used (such as photovoltaic panels, solid state lighting
and advanced coatings and materials for energy effi