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Executive Summary

The 400 M€ European Metrology Research Programme (EMRP) was established in 2009 by twenty-two
participating countries and the European Union, utilising Article 169 (now Article 185) of the European Treaties.
EURAMET - the European Association of National Metrology Institutes — was set up in 2007 as the body
responsible for the implementation of the EMRP. The core activity of the EMRP was to fund multi-partner
transnational joint research projects to advance metrology and its applications.

In view of the concentrated capacities in metrology, the core part of the EMRP was executed by National
Metrology Institutes and Designated Institutes identified by the participating States. The joint research projects
were supplemented by three Researcher grant schemes: Researcher Excellence Grants aimed at broadening
metrological expertise in the programme, which were exclusively available to the wider non NMI/DI research
community. Researcher Mobility Grants which encouraged transnational mobility within the programme
participants but also provided an opportunity for European countries not participating directly in the Programme
to engage in capacity building of their metrology research capability. Finally, Early Stage Researcher Mobility
Grants provided the next generation of metrology researchers from the participating NMIs and Dls with the
opportunity to gain transnational experience.

The programme is now complete. In total, 119 Joint Research Projects (JRPs) were contracted worth almost
368 M€. Over 39.6 M€ was contracted through the associated Researcher Grants. This represents 2116 funded
years of effort in the JRPs, 497 funded years in Researcher Grants and 123 years of effort from the unfunded
partners.

Overall, 48 Countries participated in the programme in some form. 91 industrial companies were unfunded
partners, 308 academic and research organisations were hosts to the researcher grants. 211 Small and Medium
Enterprises and 146 Large Enterprises were associated with the projects as collaborators.

The projects reported over 2465 peer-reviewed publications, 1206 inputs to standards committees, 5259
conference presentations and posters, 1152 training activities, 59 patents and 2452 other dissemination
activities.

The projects made contributions to the sustainability of Europe’s energy supplies by enabling measurements
that allow biofuels to be used alongside more traditional fuels, making powerplants more efficient, modernising
the electricity grids, and giving consumers confidence in new lighting sources. They also addressed high priority
environmental and industrial needs.

The EMRP was an excellent example of European Joint Programming - pooling national research efforts in order
to make better use of Europe's precious public R&D resources to tackle common European challenges more
effectively. The first stage of the call selected research areas where the stakeholder need was clear, and the
metrology community had the appropriate resources to make a significant impact. The second stage was a
competition where the best proposals (in terms of scientific excellence and potential impact) were chosen by
independent referees. The result was collaborative European projects where critical mass was brought to bear
on clear objectives, with agreed project plans and enhanced stakeholder engagement. All the participants abided
by the European level independent evaluation, clearly demonstrating the true “European Research Area” nature
of the EMRP.

Details of the completed projects are available from the EURAMET website www.euramet.org.

Effectiveness
The programme delivered against all of its operational and specific objectives.

Specific objectives - contributing to the ERA / creating a Metrology Research Area

Leveraging and consolidating metrology funding in Europe

The programme achieved a significant level of coordination of national public metrology research programmes.
23 European countries participated in EMRP, leveraging national funding of 219.24 M€ — 10 % above the target
of 200 M€ — for EMRP activities.

The programme enabled widespread collaboration in metrology research, not only among the traditional
metrology institutes (the NMIs and DlIs) but also with the academic, industrial and public sector communities.
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The Commission and national funding supported 119 joint research projects with 957 participations from the
metrology community (i.e. NMIs and DlIs) and 1157 participations from a further 916 organisations the academic,
industrial and public sector communities.

Scientific integration

The programme was designed and governed by the participating countries at a number of levels to support
scientific integration of metrology research across Europe:

The programme was guided by a common research agenda developed by the European metrology community
under the precursor ERA-NET programme iMERA.

The programme was designed around themes focused on grand societal challenges (energy, environment,
health, industry) as well as supporting important developments in the international systems of units (the SI).

Call scopes were developed by the EMRP Committee of representatives from 23 countriesin line with the
common research agenda;

A two-stage call process brought the European metrology community together, along with the academic
community and measurement research end-users, to develop and deliver collaborative research projects;

Project selection was based on an assessment, by the EMRP committee, of alignment with strategic
requirements (stage 1) and independent expert review (stage 2). The Interim Evaluation of EMRP and the annual
independent observers’ reports confirm that this process was independent and robust.

All participating countries could (in most cases, did) participate in all levels of the programme, including and
project design and governance.

Projects were conducted by consortia of NMIs, DlIs, academics, industrial and other organisations. This
significantly increased the level of collaboration enabling the flow of ideas, knowledge and people and sharing
of metrology research facilities.

Management integration

EURAMET implemented a dedicated and centralised governance and management processes for the
programme from the outset, made up of the EMRP Committee, a EMRP Programme Manager and a dedicated
Management and Support Unit (MSU). The delivery of the programme was monitored and reviewed in various
ways (annual reports, audits, Interim Evaluation) The Interim Evaluation found the programme processes to be
of high quality, transparent and in line with the Commission’s requirements.

Financial integration

The programme managed 200 M€ of EU funding and coordinated 19 M€ of national metrology research funds
using a common approach to financial rules. From its initiation the programme adopted a model contract and
financial approach based on the FP7 model. Guidelines and templates were provided to support project partners
who were new to this approach, helping them to cost projects and ensure finances were reported consistently
and in accordance with the financial rules.

Specific objective - delivering scientific, economic and social impact

Scientific excellence and impact

The EMRP programme provided a structured process of research collaboration among European metrology
institutes (NMls and DIs). Prior to EMRP (and its predecessor ERA-NET iMERA+) research collaboration was
rather ad-hoc, based on goodwill and existing relationships between individual institutes and researchers. A key
benefit of the programme was not only the ability to coordinate resources and skills but the opportunity to align
research timescales. An important example of this was the coordination of the European research contribution
to the redefinition of the international system of units (the Sl) in May 2019. EMRP projects under the first Sl call
became a focal point for European redefinition activity and, for some projects, an international focal point. The
pooling of research expertise and the alignment of critical experiments and measurement comparisons not only
enhanced Europe’s scientific contribution but also led to a more coordinated European position in the redefinition
decision.

EMRP researchers have published 2465 papers in peer-reviewed journals. Bibliographic analysis shows that
the publications were above world averages in terms of citations, impact factor and highly cited papers and have
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been increasing over the period from 2008 to 2015 (i.e. before and during EMRP). In addition, the level of
international co-authorship of peer-reviewed papers increased from 32 % to 47 %.

Economic impact

Accurate traceable measurement, reliable, robust internationally-recognised, underpins world trade. Metrology
research ensures that international measurement systems are fit for the future and supports the introduction of
innovative product and services through the accurate validation of new technologies and ideas. The pathways
and timescales for economic impact are not always direct or immediate. Nevertheless, EURAMET has collected
evidence of early impact - that is the adoption of EMRP project outputs by measurement users. Early adopters
of metrology research are often (but not solely) the instrumentation sector and the accredited laboratory sector
who make use the new NMI/DI capabilities or adopt the improved measurement techniques to develop their own
new products and services. These sectors are an important bridge to measurement end-users in other business
sectors and public sector agencies, who use improved measurement capabilities to develop their new products
and/or improve processes.

EURAMET conducted surveys of industrial participants in EMRP projects and developed impact case studies.
These demonstrated an economic impact in terms of actual and projected sales of innovative products (as
quoted and/or estimated by the early adopters) influenced by the programme of 1627 M€. Of this figure, the
early adopters estimate that 352.8 M€ is directly attributable to the programme. This figure covers the industrial
participants that participated in projects in all EMRP calls. In addition, the new products sold will contribute to
economic benefits for many of the end-users. EURAMET has identified and published 141 case studies
demonstrating economic impact.

Examples include:

Social impact

Three of the programme’s themes Energy, Environment and Health were explicitly focused on Europe’s key
societal challenges such as environmental protection, healthcare, food safety and public security. Research in
these three themes addressed the requirements for accurate data and appropriate instrumentation to improve
the ability to identify, quantify and better understand these issues, and to design and implement effective
solutions and/or appropriate regulation. Many of the projects were directly focused on European regulation
supporting issues such as water and air quality, safety of healthcare products and radiation protection.
51 projects (43 % of the total) supported regulation.

As for economic impact, the pathways and timescales for social impact are not always direct or immediate but
EURAMET identified and developed 62 case studies of impact in these three themes. These case studies
provide examples of the adoption of project outputs by the measurement users and demonstrate that the route
to longer-term impact has commenced. Examples include:

e New flow and temperature instrumentation that has been demonstrated to improve efficiency in
traditional power plants, leading to reduced carbon emissions and providing financial benefits

e Supporting the introduction of energy efficient lighting in the Italian tunnel network, improving safety and
reducing both costs and energy use

e The development and trial of practical reference standards to improve the robustness of roadside
emissions monitoring

e Contributing measurement methods and standards to the European Space Agency’s (ESA) next
generation Earth observation satellites

e Developing accurate validation of molecular methods to identify and quantify infectious diseases

Meeting our Operational Objectives

Participation from European metrology institutes

There was extensive participation from across Europe in EMRP research activities. 23 countries were formal
EMRP participating states (19 EU Member States and 4 non-EU) plus the JRC. A further 21 countries (including
five EU Member States) participated in projects as unfunded partners or collaborators. Collaborative research
projects involved between 4 and 18 NMI /DI partners.

Extensive participation from the scientific community and metrology end-users

There were 1147 participations in EMRP projects from 916 organisations outside the NMI /DI community. 50 %
(570) of participations were from universities and public research organisations and 41 % (474) from industry.
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The academic and public research community largely participated in the programme via the Researcher Grant
mechanism, while industrial participation was largely in the form of unfunded partners or collaboration via a Non-
Disclosure Agreement (NDA) with project partners.

Considerable international participation

There were 140 participants in EMRP research projects by non-European researchers from the NMI/DI,
academic and industrial communities either as unfunded partners or collaborators, including NMls/ DIs from 14
countries (Argentina, Australia, Brazil, Canada, China, Egypt, Japan, Republic of Korea, Mexico, New Zealand,
Russian Federation, Taiwan, Thailand, United States).

Researcher Mobility

384 mobility grants supported the transfer of staff between institutions to facilitate learning and the development
of personal and institutional networks. These grants were taken up in particular by developing NMIs/Dls (60 %
of grants were from this group) enabling their researchers to spend time in the more developed NMIs and Dls
(97 % of mobility grant destinations were from this group).

Capacity building

Seven of the EMRP participating countries were EU new member states and two were accession /pre-accession
states. A further three new member states participated in the programme, two of which formally joined the
successor EMPIR programme. Developing metrology institutes were able to increase the research skills of their
metrologists via participation in projects and mobility grants. Most were able to increase their research activities
where formerly they focused on maintaining national measurement standards and providing calibration services.
For example: CMI, the NMI in the Czech Republic, was able to develop critical mass in research in key areas
and create a community of research-focused metrologists. IMBiH, the NMI in Bosnia and Herzegovina,
progressed from mobility grants, to collaborative projects, to being a coordinator of a project under EMPIR.

Supporting European standardisation and regulation

The design of the programme around key societal challenges ensured strong alignment of the research to
European regulation. Metrology research enabled more robust and reliable measurements to support
compliance with, and monitoring the implementation of, European regulation. 51 of the 119 projects funded had
direct relevance to regulation including, for example, the Renewable Energy Directive, the Water Framework
Directive, Air Quality Directive and the in-vitro diagnostic devices regulation (a full list is provided in section 4.3).

Project teams also made 1223 contributions to 310 unique standards committees. Many of these standards

committees directly supported regulation, at EU and international level. Others supported the characterisation
of innovative technologies, products and processes to facilitate their market adoption.

Extensive dissemination of research results

Project teams have undertaken wide-ranging dissemination activities to share the research outputs with the
metrology, scientific and end-user communities in the public and private sectors. Dissemination activities
included:

e 2537 peer-reviewed papers

e 5368 conferences presentations and posters

e 1186 training activities

e 2519 communications and dissemination activities (exhibitions, newsletters, trade press, etc)
e 59 patent applications

Efficiency
The programme objectives and impacts were delivered efficiently. The costs of administering the programme
were less than 16 M€. This represents 3.8 % of the total 419 M€ programme budget.

European value-added

Metrology is both a national and international endeavour. In some countries the requirement to hold national
measurement standards to support the economy and society is enshrined in law and the international system of
metrology ensures that primary measurement standards and the measurements they support are comparable
and accepted across the world. However, the requirements for research to ensure measurements are fit for the
future are increasing. Meeting ever-growing demands for new measurement standards in emerging areas of
technology whilst still meeting the expectations of existing sectors and users places increasing demands on
national metrology research budgets, with most countries having similar demands. Conducting research at
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European level via EMRP has enabled national metrology institutes to pool resources and knowledge and
reduce duplication in order to reach critical mass in key areas.

1 Introduction

This report represents EURAMET's view of the Impact of the EMRP based on the data available at the end of
July 2019. It is based on the evidence EURAMET presented to the ex-post evaluation but has been updated
with information received in the following 3 years. It presents data against the programme’s specific and
operational objectives as defined in Part 5 of the Annex to the General Agreement (GA) and summarises the
evidence against the evaluation criteria of effectiveness, efficiency and European Value-added.

EMRP commenced in 2009 as an Article 169 TEC initiative, later transitioning to an Article 185 TFEU initiative.
The programme held annual calls for joint research projects from 2009 to 2013, with projects in the last call
finishing in 2017. The programme was preceded by two ERA-NET projects (MERA and iMERA+) that assessed
the potential for joint working in metrology research; defined common research areas and piloted an initial joint
research call.

2 EMRP objectives

The ex-ante impact assessment set out a set of nested general, specific and operational objectives for EMRP
(Figure 1). The general objectives reflected the objectives of FP7 and the Lisbon agenda, and the specific and
operational objectives were designed to ensure EMRP would contribute to these wider goals.

The EMRP specific objectives S1.1, 1.2 and 1.3 contributed to the creation of the European Research Area
(general objectives G1.2 and G1.3): the coordination of metrology research in Europe; aiming to reducing
fragmentation and duplication; and removing barriers not just among the national metrology organisations but
also with the wider research community, fostering inter-disciplinarity and the latest research in new and emerging
technologies.

Specific objective 1.4 explicitly focused on the impact of the metrology research directly aligned to the Lisbon
objectives in three areas: scientific excellence, economic growth and addressing societal challenges
(contributing to general objectives G1.1 and G1.4).

Figure 1 General, specific and operational objectives for EMRP

EMRP GENERAL OBJECTIVES

Over-arching objective: The general policy objectives of the initiative is to enhance the EU's capacity to achieve its
high-level policy goals and respond to the major challenges it faces in the coming years:

To contribute to the achievement of the objectives of the revised Lisbon Strategy, focussing on four priority
G1.1  areas: (1) concern for citizens, (2) concern for the environment, (3) a more competitive economy, and (4)
knowledge and innovation

In particular to invest more and better in knowledge for growth and jobs (and to take steps towards the so

2 called "fifth freedom" — the free movement of knowledge within ERA)

To contribute to the realisation of the European Research Area (ERA) by implementing a genuine “European

il Metrology Research Area” (MERA).

To help Europe respond more effectively to key societal challenges such as environmental protection, health
G1.4  care, food safety, or public security through research striving for scientific excellence in human potential and
institutional resources

EMRP SPECIFIC OBJECTIVES

Over-arching objective: In order to contribute to achieving the general European policy objectives, it will be
necessary to improve the efficiency and effectiveness of public metrology research programming in Europe in areas
where it is facing major societal challenges

Impact of the EMRP -7-
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EMRP SPECIFIC OBJECTIVES

Structuring the ERA through coordinating and partly integrating national public metrology research programmes to

S1.1
provide solutions to important European societal challenges

S1.2  Improve the efficiency of Europe’s fragmented public metrology research approach

To remove barriers between national metrology research programmes and to foster sustainable cross-border
cooperation e.g. through mobility of young researchers, scientists and academic staff and to open up the national
programmes to inter-disciplinary cooperation with researchers and scientists from other fields in particular relating
to new and emerging technologies.

S$1.3

To increase the impact of these programmes, both S&T impacts (scientific excellence, pooling of resources, data
S1.4  and expertise, achievement of critical mass, facilitating programme optimisation) and economic and societal
impacts.

EMRP OPERATIONAL OBJECTIVES

O1.1 Cross-border public research programme coordination and integration

01.2 Address the grand challenges (e.g. climate change) and areas with pressing metrology needs (e.g. new and
emerging technologies like for example nano- biotech- healthcare- metrology)

01.3 Enable some “new” MS or candidate countries to build metrology research capacity
01.4 Open access to unique research infrastructures and facilities
01.5 Increase generic collaboration between national metrology research programmes with the relevant science

community at European level

01.6 Modernisation in the programming of national and European research priorities

01.7 Foster mobility of "early-stage" researchers from National Metrology Institutes and Designated Institutes
01.8 Europe should speak with one voice to strengthen its influence at global level

01.9 Metrology research has to become a supporting activity for government regulation

01.10  Support to industry and economic growth through up-front public metrology research

3 Indicators: specific objectives

This section provides data and evidence against the indicators set for the programme’s specific objectives as
presented in Figure 2 below.

Figure 2 Specific objectives and indicators

EMRP SPECIFIC OBJECTIVES INDICATORS

Over-arching objective: In order to contribute to achieving the general European policy objectives, it will be necessary
to improve the efficiency and effectiveness of public metrology research programming in Europe in areas where it is
facing major societal challenges

S1.1 Structuring the ERA through coordinating and Leveraging investments and co-funding of EMRP by the
partly integrating national public metrology participating States
research programmes to provide solutions to ¢ National funding committed and effectively spent on EMRP:
important European societal challenges the target is EUR 200 million spent by the participating
Impact of the EMRP -8 -
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EMRP SPECIFIC OBJECTIVES INDICATORS

S1.2  Improve the efficiency of Europe’s fragmented
public metrology research approach

S1.3  To remove barriers between national metrology
research programmes and to foster sustainable
cross-border cooperation e.g. through mobility of
young researchers, scientists and academic staff
and to open up the national programmes to inter-
disciplinary cooperation with researchers and
scientists from other fields in particular relating to
new and emerging technologies.

To increase the impact of these programmes,
both S&T impacts (scientific excellence, pooling

S1.4  of resources, data and expertise, achievement of
critical mass, facilitating programme optimisation)
and economic and societal impacts.

States; identification of the use of the reserve funding
capability.

Programme efficiency

e The time required between the closure of the call for EMRP
proposals or for researcher grants and the date where
information on the outcome of the evaluation is sent to the
applicants.

Progress towards the integration of national programmes

Scientific integration

e Common definition of research topics following the EMRP
and involving third parties through the call for potential
research topics;

o Effectively working central evaluation with independent
experts, and central selection decision.

Management integration

e The dedicated implementation structure is in place and is
effectively implementing EMRP;

e The use of a common contract (model grant agreement per
category of activity) linking all the fund recipients to
EURAMET.

Financial integration

* The projects selected at central level are effectively co-
funded by the participating States from their national
earmarked budget and the reserve funding capability,
according to the order in the ranking list;

e The Community contribution is allocated to the projects
according to the order of the ranking list;

o Progress towards more financial integration through the use
of harmonised financial rules (e.g. eligibility of costs,
funding rates, ex-post verification).

No indicators set but relevant data is provided in this report

3.1 Leveraging investments and co-funding of EMRP by the participating States (S1.1)

Figure 3: Specific Objectives - Indicator 1

INDICATOR 1

National funding committed and effectively spent on EMRP: the target is EUR 200 million
spent by the participating States; identification of the use of the reserve funding capability

Data / Evidence

The total national funding committed to EMRP was 219.236 M€. The target commitment was 200 M€ and
therefore 19.236 M€ of reserve funding was allocated. Figure 4 presents the national target and actual
commitment and Figure 4 presents the same data as a chart illustrating the cash and in-kind contributions.
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Figure 4: National commitments to EMRP - cash and in-kind

National funding to the A169 as % of commitment
0% 20% 40% 60% 80% 100% 120% 140% 160% 180% 200%

Austria
Belgium
Bosnia & Herzegovina
Czech Republic
Denmark
Estonia
Finland

France
Germany
Hungary

Italy
Netherlands
Norway
Poland
Portugal
Romania
Slovakia

M Cash

M in-kind

Slovenia

Spain

Sweden
Switzerland
Turkey

United Kingdom
Total

Source: EMRP 2018 Annual Report

Figure 5: National commitments to EMRP

Initial Actual

national national

commitment commitment

k€ k€

Austria 840 495
Belgium 840 637
Bosnia & Herzegovina 100 87
Czech Republic 4,295 6,414
Denmark 2,235 2,486
Estonia 420 454
Finland 8,033 10,748
France 19,014 21,742
Germany 71,473 73,609
Hungary 840 875
ltaly 14,081 16,279
Netherlands 10,827 13,772
Norway 1,397 1,044
Poland 420 532
Portugal 840 681
Romania 840 448
Slovakia 2,526 1,423
Slovenia 1,257 1,760
Spain 4,475 4,085
Sweden 2,389 3,704
Switzerland 6,424 7,370
Turkey 1,588 2,978
United Kingdom 44,845 47,611
Total 200,000 219,236

Source: EMRP 2015 Annual Report
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3.2 Programme efficiency (S1.2)

Figure 6: Specific Objectives - Indicator 2

The time required between the closure of the call for EMRP proposals or for researcher
INDICATOR 2 grants and the date where information on the outcome of the evaluation is sent to the
applicants

Data / Evidence

The time between call close and the announcement of the outcome to the applicants varied year to year.
Between the 2010 and 2013 Calls the average time was 55 days. The timescale of the first call was particularly
short as the programme was given approval to commence later than expected. It was possible to achieve this
because the call was very small (covering only one theme and 9 funded projects) compared to later calls (that
covered two or three themes and ~20-30 funded projects per year).

Year Stage 2 close Stage 2 Days
preliminary required
results

2009 02/11/2009 27/11/2009 25

2010 11/10/2010 29/11/2010 49

2011 03/10/2011 28/11/2011 56

2012 01/10/2012 28/11/2012 58

2013 01/10/2013 25/11/2013 55

For Researcher Grants, the time between call close and the communication of results to the applicant was
planned to be one month, and this was met in the majority of cases, but as the individual consortia were
responsible for the final selection, there were times that this took longer.

3.3 Progress towards the integration of national programmes (S1.3)

3.3.1 Scientific integration

Figure 7: Specific Objectives - Indicator 3a

INDICATOR 3a Common definition of re§earch topics fgllowmg the EMRP and involving third parties
through the call for potential research topics

Data / Evidence

National commitment of EMRP member states to a common definition of research

At the national level, metrology programme owners supported the common definition of research topics at
the European level by relinquishing control over a large proportion of their national programmes (219 M€ -
which is a significant proportion of national funding for metrology research) and allowing the research topics
to be defined via the processes of the EMRP.

Common research agenda

Before the Programme started there was considerable work in the precursor ERA-NET projects (MERA,
iIMERA) to define common areas of interest that would be suitable to define call areas under EMRP (and the
pilot call under IMERA+). Detailed roadmaps were developed and one of the IMERA outputs was further
refined to become a published “outline” to define the priorities for the Programme.

At the end of the EMRP this process was repeated resulting in the publication of EURAMET’s Strategic
Research Agenda (http://www.euramet.org/research-innovation/sra-survey/) that informs the research
conducted under EMPIR.

Themed calls

A key element of the common research agenda in the EMRP Outline and the subsequent EURAMET Strategic
Research Agenda was a thematic structure with a strong focus on metrology to address the grand challenges
rather than the traditional metrology approach of themes based on technical areas and/ or Sl units. EMRP
calls were designed around the themes (referred to as TPs (Targeted Programme) in EMRP) and the call
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scopes were based on the EMRP Outline. The programme was strongly focused on the grand challenges
with five of the seven themes (and 78 % of the funding) focused on the Environment, Health, Energy,
Industry, New Technologies themes.

Common definition research topics via the call process

The greatest integration of the national metrology programmes comes through the construction of the
Selected Research Topics (SRT) and the proposals in response to those. Over the life of the programme
nearly half the total metrology research in the EMRP member states is funded through the Programme. This
provides a great focus for the scientists working in the National Metrology Institutes - to see their work funded
they need to engage in collaboration across Europe.

The process started long before a call was announced. Each Technical Committee (TC) in EURAMET met at
least annually to discuss plans for future EMRP calls. Contact Persons from each member state discuss their
future plans, stakeholder needs in their countries, and outline work they would like to do to address those
needs. Where a consensus emerged in a TC that a need was significant enough to be best addressed
collaboratively and it was in line with the call scope then interested parties refined the idea and submitted a
Potential Research Topic (PRT) when the call was announced. Where the need was best addressed
nationally then it was left for individual national responses. To ensure PRTs were focused on the needs of
industry, public services and policy-makers and engaged with the wider research base, there was strong
encouragement from the EMRP Committee to develop PRTs with those outside the NMI/DI community with
measurement users. For example, in the 2011 call, 153 PRTs were submitted written by a total of 1069 co-
authors, 29 % of whom were from outside the NMI/DI community.

At the next stage, the submitted PRTs were prioritised and converted into SRTs by the EMRP Committee to
become the basis of a competitive process for research proposals. The EMRP Committee undertook a higher
level of research integration by bringing a more strategic view of both national capabilities and priorities and
stakeholder needs and potential benefits. The committee constructed SRTs designed to bring about change
in the metrology community, requiring different technical areas to cooperate to achieve an objective where
this would not happen naturally due to organisational boundaries, or requiring the active engagement of
industry, regulators or standards bodies throughout a project where the technical community would prefer
merely to present the final results.

In addition, by setting the indicative budgets by theme the EMRP Committee took a joint strategic view on
priorities for metrology research across Europe. In 2010, for example, following the decision on the SRTs, the
Committee took the view that a greater need had been identified in the Industry TP than in the Environment
TP and moved 3 M€ from Environment to Industry. In 2011 a similar decision was initially made to move
budget from Sl to Health. These decisions are not about individual projects but strategic direction and feed
through to national programmes and resource allocations within the NMls.

Although national programme owners had given control over a large proportion of their national programmes
to EMRP, they had influence over the national response to the research topics identified (in the SRTs) by the
EMRP Committee. As proposals were developed in response to the SRTs they could choose how to spread
their resources across the proposals being prepared. In theory they could withdraw from a bid at the end of
that process, although this was rare as it would cause some damage to the relationship with their partners
and affect other proposals. But once the proposal was submitted they relinquished control and the result was
in the hands of the independent referees. In general, half the proposals were funded with scoring based on
scientific excellence, relevance, potential impact, and quality.

Research projects of critical mass

The relatively large size of the funded JRPs (typically 3 M€) reduced fragmentation and duplication. Critical
mass was brought to bear on clear objectives, with agreed project plans and enhanced stakeholder
engagement. What could have been 20 independent research teams working on a smaller scale in a similar
research area and with enhanced stakeholder engagement.
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Figure 8: Specific Objectives - Indicator 3b

INDICATOR 3b ngg(s::g/rfly working central evaluation with independent experts, and central selection

Data / Evidence

The call was transparent with all processes, procedures and documents publicly available on the website
managed by the EURAMET Management and Support Unit (MSU).

The MSU managed a review conference for each call where independent experts reviewed and scored each
proposal received. An Independent Observer was appointed by the Commission to review and report on the
review conference process.

The Independent Observers were satisfied and complementary. For example, the Independent Observer at
the Review Conference for the last EMRP call in 2013 stated:

“The main conclusions that | can draw from attendance at the 2013 EMRP Review Conference and related
documents are:

e The selection of the Referees and design of the evaluation processes leading to the Single Ranked
List was carried out in accordance and compliance with the rules established in the Decision and
General Agreement

e The Review Conference was organised in a highly professional and transparent manner

e The Single Ranked List for each of the two Targeted Programme was approved by all of the Referees
and has subsequently been accepted by the EURAMET EMRP Committee

One of the most impressive features of the EMRP is the culture of continuous improvement. Further
refinements had clearly been implemented for the 2013 Call, including some that were derived from
consideration of 2012 recommendations.”

3.3.2 Management integration

Figure 9: Specific Objectives - Indicator 3c

INDICATOR 3c | The dedicated implementation structure is in place and is effectively implementing EMRP

Data / Evidence

Programme level

EURAMET implemented governance and management processes at the start of EMRP. These processes
provided an integrated approach to governing the strategic direction of the programme, selecting research
projects to be undertaken and managing the programme’s funding. As a significant proportion of national
metrology research funds were coordinated via the programme this represented a significant level of
management coordination of metrology research in Europe.

EURAMET putin place an EMRP Committee, Programme Manager and dedicated Management and Support
Unit (MSU) to govern and manage the EMRP. All EMRP processes were governed by the EMRP Committee
and delivered via the Programme Manager and the MSU. The delivery of the programme was monitored and
reviewed in various ways and no significant problems or issues arose:

e All EMRP annual reports submitted to the Commission have been be accepted.

e The Interim Evaluation found the EMRP processes to be of high quality and transparent and in line with
the Commission’s requirements “The Panel was most impressed by the quality and efficiency of the
governance and operational systems that had been established by EURAMET, the EMRP Committee
and the operational management units in Germany and the UK. These are all in accordance with the
General Agreement.” and concluded that “EMRP is a well managed joint European research programme
that has already achieved a relatively high level of scientific, management and financial integration. “The
Commission reiterated this in a press release on the Programme that stated “EMRP is a well managed
and progressively more and more integrated European programme. It has transformed a specialised
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INDICATOR 3c | The dedicated implementation structure is in place and is effectively implementing EMRP

and fragmented community into a successful public-public partnership confirming the advantages of the
European Research Area.”!

Project level

While the management culture and processes at individual NMIs/Dls are highly varied, the programme has
developed a common understanding of suitable project management practices for research projects.
EURAMET had a poor history of delivering collaborative (self-funded) projects to time and this needed to
change to ensure the delivery of EMRP projects with defined timescales and budgets. Initially this required
considerable direction from the Programme Manager and MSU through the implementation of prescriptive
EMRP templates for the project plans and reporting. As the programme progressed, the level of detail required
in the project plans and reports has been continuously reduced as the community needs less supervision
from EURAMET. Under EMPIR, the successor programme, the guidance to project coordinators is much less
prescriptive. Project coordinators and partners are advised to plan at a level of detail appropriate to the size
of the project and only maintain documentation within the consortium as necessary, and they report less
frequently and in less detail to EURAMET. This progress has only been possible because of systematic
training of potential coordinators over the years both from EURAMET and in individual partner organisations.
EURAMET held training events for those considering PRT submissions, potential coordinators, project
support providers (concentrating on technical reporting) and financial support staff (concentrating on financial
reporting and the financial rules).

The final step of management integration occurred in the EURAMET ex-post audit process. This consisted of
both a financial audit based on EC practices from FP7 and a technical audit assessing “the scientific/technical
management and control systems relating to the proper execution of the JRP and the JRP-Contract”. This
later part included:

o the degree of fulfilment of the JRP-Protocol

o the resources planned and utilised in relation to the achieved progress, particularly regarding the
principles of economy, efficiency and effectiveness

o the management procedures and methods of the project

¢ the plan for the use and dissemination of Foreground IP

o the auditee’s contribution and integration within the project

o the claimed potential impact in scientific, technological, economic, competitive and social terms

Figure 10: Specific Objectives - Indicator 3d

The use of a common contract (model grant agreement per category of activity) linking all
INBHEZICR e the fund recipients to EURAMET

Data / Evidence

The same model contract was used for all joint research projects. Similarly, there was a standard model
contract for each type of Researcher Grant (one each for: Researcher Excellence Grant, Researcher Mobility
Grant and Early Stage Researcher Mobility Grant).

" The Interim Evaluation report is publicly available at:
https://ec.europa.eu/research/evaluations/pdf/archive/other reports studies and documents/mtr _report final.pdf
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3.3.3 Financial integration

Figure 11: Specific Objectives - Indicators 3e & 3f

The projects selected at central level are effectively co-funded by the participating States
INDICATOR 3e | from their national earmarked budget and the reserve funding capability, according to the
order in the ranking list

The Community contribution is allocated to the projects according to the order of the

INDICATOR 3f L
ranking list

Data / Evidence

The proposed joint research projects were scored and ranked (against the standard FP7 criteria) by
independent experts at a Review Conference. Projects were then formally selected for funding by the EMRP
Committee according to the order in the ranked lists.

The funded projects are listed on the EURAMET website:
http://www.euramet.org/research-innovation/emrp/emrp-calls-and-projects/

Once selected for funding, the projects were co-funded by the Commission allocation to EMRP and the
national programmes’ commitment to EMRP. The national commitment is demonstrated by the commitment
data in Figure 5.

Figure 12: Specific Objectives - Indicator 3g

INDICATOR 3 Progress towards more financial integration through the use of harmonised financial rules
9 (e.g. eligibility of costs, funding rates, ex-post verification)

Data / Evidence

The programme manages EU funding and coordinates national metrology research funds using a common
approach to financial rules.

From the start the programme adopted a model contract and financial process based on FP7 rules. There
were no national deviations beyond those allowed in FP7. EURAMET did publish its own Financial Guidelines
but these were not deviations from FP7, merely specific advice tailored to the contract rather than other
options in the FP7 generic documents that were not relevant to this programme. Guidelines and templates
were provided to support project partners to cost projects at the outset and to ensure finances were reported
consistently and in accordance with the financial rules.

The final step of financial harmonisation occurred in the EURAMET ex-post audit process as described under
Specific indicator 3c. The audits identified a number of common observations in the EMRP community that
were fairly similar to those found across FP7 projects such as: inconsistency among professional auditors;
some organisations underestimating overhead rates; a general view that organisations and their auditors
found the FP7 guidelines insufficiently clear, and in some places contradictory, leading to confusion on, and
different interpretations of, the financial rules.

The Full Economic Cost (FEC) model required under FP7 was implemented in EMRP. As project costing
methods and financial management processes varied greatly among the NMI/DI institutions, the move to the
FEC approach was a significant change for many NMIs/Dls.
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3.4 Scientific, economic and social impact (S1.4)

Figure 13: Specific Objectives — indicator 4a

INDICATOR 4a Scientific impact

Data / Evidence

Scientific excellence

The programme focused on research excellence - project selection was a competitive process based on
external peer review.

2537 papers were published across a range of journals, reflecting the breadth of the research. out of them
752 peer-reviewed papers were published in conference proceedings and 32 contributions made to books.

In addition, the annual number of scientific publications from the European metrology community increased
as a result of EMRP (figure below) and there were early indicators from a bibliometric analysis to suggest that
citation scores and journal impact factors increased compared to international comparator metrology
institutes. The figure also shows that the level of international co-authorship with other NMIs and academics,
particularly among EURAMET countries, increased. From the overall 2537 peer reviewed publications 840
are co-authored by several institutions and 434 of them are co-authored of NMIs of more than one country.

EMRP publications

1600 80%
1400 70%
1200 60%
1000 50%
800 40%
600 30%
400 20%

200 10%

0 0%

2008 2009 2010 2011 2012 2013 2014 2015
mmm Total Unsupported EURAMET NMI Output = EMRP Supported Publications N.B. Not all 2015
~8— |nternational co-authorship (all countries) ~8— nternational co-authorship (EURAMET countries) publications have been

reported or indexed yet
—&—|nternational co-authorship (non-EURAMET countries)

Figure 14 bibliographic study on EMRP publication, done in 2015.

Based on a bibliographic study done in 2015 we could identify that in 2014 publications resulting from EMRP
supported research were 33 % of total publications (see figure above).

Pooling of resources / critical mass

EMRP enabled the pooling and coordination of resources across European metrology institutes. Prior to the
Commission supported programmes, research collaboration was rather ad-hoc, based on goodwill and
relationships between individual institutes and researchers. A key benefit of the programme was not only the
ability to coordinate resources and skills but also the ability to align research timescales. For example, EMRP
played an important role in the European contribution to the redefinition of the international system of units
(the SI). The first call for projects under the SI Theme was predominantly focused on research supporting the
redefinition.

The redefinition was a major milestone for the international metrology community - nothing on this scale had
ever been undertaken before. The comparison of data from metrology experiments in different laboratories
was essential to establishing the new S| definitions and agreeing methodologies for realising primary
standards. EMRP provided a focal point and project management structure to the European contribution to
an international endeavour. It enabled the world-class European NMls to work collaboratively to share skills,
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undertake key experiments and share results in a coordinated manner, and make a more coordinated
European contribution to the international decision processes required to agree the details of the redefinition.

The EMRP projects were highly visible internationally with NMIs outside Europe joining the projects as
unfunded partners or collaborators.

The EMRP collaborations led to the start of longer-term coordination activities in European metrology
research. This was a considerable achievement for the NMI and DI community in Europe. Networks of centre
of excellence were investigated as a part of several EMRP projects in a number of areas:

e MATHMET: the European Centre for Mathematics and Statistics in Metrology
e Metrology for Smart Grids
e Metrology for Earth Observation

These discussions resulted in European Metrology networks, approved and launched by EURAMET, as
shown on the website: https://www.euramet.org/european-metrology-networks/.

Impact on the scientific community

The EMRP research community collaborated widely with the academic and public research community. The
Researcher Excellence Grant (REG) mechanism was the main instrument that supported formal collaboration,
but academic groups also joined projects as formal unfunded partners and as collaborators (signing a Non-
Disclosure Agreement with the project team to be able to access the research and it outputs while it was in
progress). While REGs were primarily designed to ensure that metrology research could draw on the best
available scientific inputs from the academic and public research community, they also enabled a two-way
flow of expertise, knowledge and skills that continues to have an impact on academic research. Examples
include:

e The outputs of an industry project addressing accurate metrology of large volume objects (such as
aircraft) were used to assess the alignment of accelerator systems at CERN and had wider applications
in other large research facilities such as European Synchrotron Radiation Facility and ITER.

e An industry project focused the metrology of magnetic materials for electronics led to the development
of an instrument that is was used to assess the magnetic cleanliness of ESA’s LISA Pathfinder mission.
This mission was designed to test the concept of gravitational wave detection and pave the way for
future more extensive missions.

e The outputs of an industry project investigating dielectric properties of materials was used in graphene
research at Imperial Collage and in a method for label-free detection of tumours.

e The accurate spectroscopic data arising from an environment project was used by a research group at
University College, London to support theoretical modelling of molecular line spectra for atmospheric
gases. These were then used in predictive modelling of atmospheric gas concentrations in the Earth’s
atmosphere for climate change studies.

There were 384 participations in EMRP projects via the REG mechanism from 146 academic and public
research organisations across Europe (these are listed along with all the REGs in Annex A). Over the period
2008 to 2015 co-authorship of publications between NMIs and academic organisations increased from 47 %
to 68 %.

Figure 15: Specific Objectives — indicator 4b

INDICATOR 4b Economic impact

Data / Evidence

Metrology research’s contribution to economic impact:
Accurate measurement supports economic impact in two ways:

e Supporting trade. Measurements traceable to national metrology standards ensure that measurements
are the same in any location and at any time. This gives confidence throughout supply chains, across
borders and to consumers that products and components are what they say they are and perform as
specified.
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e Supporting innovation. Accurate measurements enable the performance of novel products, techniques
and processes to be tested and validated, so supporting business growth and productivity improvements.

Metrology research improves the accuracy of measurement at the highest level, extends accurate
measurement to new technical areas or measurement ranges, and develops new and improved measurement
techniques and instrumentation. These new capabilities flow to first-tier measurement users in industry in a
number of ways: via improved calibration services at NMIs/Dls and at commercial accredited calibration and
test laboratories; via improved performance of commercial measurement and test instrumentation; and by
direct sharing of knowledge and skills with a wide range of sectors (manufacturing sectors in particular).

Therefore, the early adopters of metrology research are often (but not solely) the instrumentation sector and
the accredited laboratory sector who make use of the new NMI/DI capabilities or adopt the improved
measurement techniques to develop their own new products and services. These sectors are an important
bridge to measurement for end-users in, for example, the automotive, aerospace, oil and gas sectors and
public sector agencies, who use improved measurement capabilities to develop new products and/or improve
processes.

In addition, NMIs and Dls interact directly with sophisticated measurement end-users during research
activities - developing measurement techniques to solve industrial problems and sharing knowledge and skills.

Finally, improved measurement contributes to economic impact via the indirect economic effects of
addressing social challenges such as improved health and a better environment.

The EMRP strongly encouraged industrial participation in the research projects. Industry engaged directly
with projects as either ‘unfunded partners’ where they made a direct contribution to the projects or as
‘collaborators’ where they signed a Non-Disclosure Agreement with the project team to be able to access the
research and it outputs while it was in progress.

In total, there were 745 industrial participations from 653 organisations in the EMRP projects.

Industrial No. of No. of unique
participation participations organisations
Unfunded partners 92 76
Collaborators 653 585

In addition, projects shared their research outputs with a much larger group of organisations via their extensive
communication and diffusion activities (see Indicator 10d).

Early impacts of EMRP research

The MSU collected evidence of ‘early impact’. By this we mean, the examples of the early adoption
(relatively soon after projects are completed) of project outputs by measurement users in the public and
private sector. This early adoption demonstrates that the route to impact has started and therefore that longer-
term impact is much more likely to occur.

Timescales for economic impact from metrology research vary, depending on the nature of the research
undertaken and the measurement user group. Highly industrial focused metrology research can result in
innovation within the instrumentation sector, for example, relatively quickly. Impact case studies and a survey
of industrial participants in the EMRP projects funded in the first three calls (2009-2011) found that early
adopters of project outputs were the companies (mostly instrumentation manufacturers) who participated in
research projects. As a result of their participation, they were able to develop and/or validate innovative
products or utilise new measurement methodologies soon after the projects ended. Survey respondents and
case study companies provided data on early sales achieved to date and projected sales for the next 10
years. In total the EMRP projects in the first three calls:

¢ Influenced total sales of innovative products of 1627 M€
e Of which 352.8 M€ was attributable to the EMRP supported research
e These figures cover the industrial participants that participated in projects in all EMRP calls.

e Over longer-time periods these innovative products go on to provide economic benefits for their end-
users.
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(The ‘influenced’ figure is the total value of actual and projected sales of the innovative products whose
development was influenced by the EMRP research. The ‘attributed’ figure is the portion of the
‘influenced’ figure that the company estimated to be directly related to the EMRP research. For example,
if the product could not have been developed at all without the EMRP research the ‘influenced’ and
‘attributed’ figure would be the same. If the product was developed more quickly as result of the EMRP
research the company might estimate a 10 % attribution to the research.)

The Industry theme was strongly focused on meeting industrial measurement needs. 30 research projects
addressed a wide range of industrial measurement needs and this theme was the largest contributor to the
impact figure presented above.

A number of examples of early impact from the Industry theme are presented below (more examples are
provided in Annex C). These include examples focused on impact for instrumentation and process equipment
manufacturers, as well as end-users and the adoption of project outputs to support the development of
emerging technologies (such as quantum technologies). Case studies of early adoption of the research
outputs are provided on the EURAMET website and summarised in the Industry Impact Report (covering the
completed projects in the first Industry theme call).2

1. Instrumentation innovation — gas analysis

INFICON, a Swiss manufacturer of instruments for gas analysis, used the new NMI vacuum metrology system
to demonstrate that its innovative gauge for dynamic pressure responded twenty times faster than the
previous model. This offered opportunities to their customers in the semiconductor sector to reduce the
processing time for manufacturing steps conducted in vacuums.

2. Instrumentation innovation — automation equipment

Tetra, a manufacturer of automation and robotic equipment, developed a novel optical sensor for a high-
performance friction test system at a metrology institute. This sensor has since been used to improve their
own high-end positioning system making it one of the best on the market and supporting new sales.

3. Instrumentation innovation — fluxgate sensors

Bartington Instruments, a manufacturer of high-performance fluxgate sensors, used the new metrology
facilities for magnetic measurements to validate the performance of its sensors across a wide temperature
range. These sensors have been used to prepare navigational instruments for the European Space Agency’s
(ESA) Solar Orbiter mission, scheduled for launch in 2018.

4. Instrumentation innovation — dynamic pressure sensors

Kistler Instruments AG, a leading manufacturer of dynamic pressure sensors was one of the first users of a
new calibration facility designed to test the performance of pressure sensors under dynamically changing
pressure conditions. They are proposing to use the new facility to support the development of new prototype
sensors that be able to perform effectively under extreme conditions in automotive R&D. This supported the
development of engines with higher efficiency and reduced emissions.

5. Accurate analytical measurements for innovative materials

Advanced analytical instrumentation based on a range of atomic and spectroscopic effects offer the ability to
understand and assess the characteristics and performance of a wide range of innovative materials. These
instruments are used in a wide range of sectors — such as electronics, optoelectronics, aerospace, medical
devices — where the chemical and physical structure of surfaces and thin films is critical to the functionality
and performance of devices and components. Establishing traceability for these instruments increases their
value to product and process innovation as it provides reliable quantitative assessments of material structure
and performance. EMRP project teams developed reference materials and transfer standards for a range of
analytical instrumentation that were then used by instrumentation manufacturers to validate their products,
provide traceability to their customers and support instrument R&D. Examples include:

Bruker Nano Analytics has used certified reference materials to improve its Energy Dispersive X-Ray
Spectroscopy (EDS) instruments that support innovation in catalysts for car exhaust systems and coatings
for faster and more durable microelectronics. Kratos Analytical, manufacturer of high-value x-ray
photoelectron spectroscopy (XPS) instrumentation, has used reference materials to improve the performance
of their XPS instruments for innovation in biomaterials, polymers, catalysts.

’https://www.euramet.org/metrology-for-societys-challenges/metrology-for-industry/
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6. Better heat-treatment process control

ALOtec, a German provider of materials processing services to the manufacturing sector, improved the
performance of its laser-hardening process. Laser hardening is a heat-treatment technique and precise
temperature monitoring is required to control the process to ensure high-quality products and minimal waste.

Working with the EMRP project High temperature metrology for industrial applications (>1000 °C), ALOtec
tested the portable ‘fixed-point’ temperature device developed in the project on its laser-hardening system,
demonstrating its suitability as an in-situ calibration tool to correct the thermometers that control the process.
Testing revealed that the device could correct for large deviations from the ideal processing temperature,
where a deviation of 10 °C above or below the required temperature can cause faulty parts. The information
gained enabled ALOtec to optimise its laser-hardening process and provide an improved service to its
customers in the machine building, automotive and power generation sectors and mould and tool making
industries.

7. Supporting development of for fuel-efficient vehicles

Improvements in the accuracy of pressure measurements at the highest metrological levels helped the
automotive industry to design and manufacture the next generation diesel engines. To meet consumer
demands and comply with emissions regulation, engines needed to be more fuel efficient. A key element in
fuel efficiency is the use of higher pressures in the fuel injection process. EMRP research developed improved
metrology in high pressure and dynamic pressures that supported European engine research and
development. Working closely with the automotive and instrumentation sectors, the metrology community
helped to ensure the measurement instrumentation for high-pressure manufacturing processes and in-line
process control equipment was developed. HBM, for example, used the facility to calibrate one of its high-
pressure sensors, P3MB Blue Line Top Class transducer®, creating a highly accurate in-house standard
which allowed them to calibrate all the sensors it sells and provide reliable high pressure measurement
services to its customers who develop high pressure technologies. Maximator used the facility to verify its
autofrettage systems, which use high pressure to strengthen materials. This provided assurance to its
automotive customers that its systems met the pressures required for industrial strengthening processes for
new, lower emissions diesel engines. This helped those customers meet new EU emissions standards and
S0 remain competitive.

8. Advancing quantum communications

Toshiba used the results of an EMRP project in the first public demonstration of a prototype communications
system secured using Quantum Key Distribution (QKD). QKD, which shares encryption keys using single
photons, offers a level of security beyond that possible with classical communication techniques.

The measurement capabilities developed as part of the EMRP project Metrology for industrial quantum
communication technologies were used to characterise Toshiba’s laser system, a crucial element in the
prototype communications system. After this performance validation, Toshiba had confidence in the laser’s
use as a single-photon transmitter, and it was used as part of the first public demonstration of a QKD system
using commercially-available components on a standard fibre optic network.

The success of this demonstration, conducted at BT in the UK, provided validation of this next-generation
communications technology and was an important step towards the widespread implementation of QKD
networks for secure data transmission.

9. Building trust in quantum technologies

Micro Photon Devices (MPD), a research establishment of Microgate Srl, a leading producer of professional
timing systems used the new detector characterisation facility developed within the EMRP project Metrology
for industrial quantum communication technologies to improve the accuracy of its single-photon counters
specifications.

Single-photon detectors are the key components underpinning many new and emerging photonic
technologies. MPD produced single-photon counters based on these detectors, specifically designed and
optimised for applications requiring low-noise and low-power measurements, such as space-earth
communications or atmospheric sensing. Precise characterisation at the new facility gives MPD’s customers
in the research and development sector greater confidence in the performance of its detectors.

Reliable specifications for the components underpinning quantum communications build end-user confidence
and accelerate the introduction of next-generation quantum technologies.
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10. High-performance thin film technologies

Plasma Quest, a developer of thin film materials and deposition technology for customers in the electronics
industry, developed a new, cost-effective production technique for the high-performance barrier layers used
to protect advanced thin-film products.

Plasma Quest used a new facility established by an EMRP project to test the effect of different production
techniques on the quality of barrier layers in thin films. This enabled the company to successfully demonstrate
a new technique enabling high-volume production of barrier layers unhampered by dust in the production
environment.

The ability to create effective barrier layers without the expense of maintaining clean room conditions
significantly reduces production costs without any reduction in product performance, supporting the
development of durable thin film devices, reducing costs and opening new markets. Plasma Quest received
enquiries from several manufacturers of mobile phone screens looking to implement the new technique.

Figure 16: Specific Objectives — indicator 4c

INDICATOR 4c Social impact

Data / Evidence

Metrology research’s contribution to social impact:

Accurate measurement underpins society’s ability to address grand challenges in a number of ways. It
provides the ability to accurately and effectively identify and quantify problems and monitor the progress and
effectiveness of actions taken to solve or mitigate those problems. For example:

e Accurate measurements enable the quantification of pollutants in air, water and soil to identify where
action is needed and support relevant policy-making. Accurate measurement also enables public
agencies to monitor the effectiveness of policies and enforce regulation aiming to reduce emissions;

e Accurate measurements underpin the accuracy of diagnostic tests in healthcare and ensure that
therapies and treatment are safe and effective e.g. accurate measurement of dose delivered during
radiotherapy;

¢ Robust measurements assess the performance of new technologies and instrumentation required to
address social challenges e.g. assessing the performance of low carbon technologies, sustainable fuels,
or emissions monitoring instrumentation.

Metrology research contributes to solving societal challenges in a number of related ways:

e It improves the accuracy (and therefore the robustness and comparability) of measurement data used
to make decisions about the environment, healthcare provision, etc;

e It contributes knowledge on robust measurement methods to regulatory and standardisation
organisations;

e It supports innovation in the development of appropriate measurement instrumentation to enable
effective and efficient implementation of regulation.

Early impacts of EMRP research

The link between metrology research and quantifiable social impact is complex. Accurate measurement is
one aspect of the many and diverse social processes required to bring about change. Furthermore, the
timescales between metrology research and quantifiable social impact are often long — 5 to 10 years and
longer in some cases. Nevertheless, the EMRP research in the Energy, Environment and Health themes (in
particular) was focused on very practical problems and a wide range of research outputs have already been
adopted by standards developing organisations (CEN, ISO, etc), instrumentation manufacturers and end-
users.

As the data reported against Operational Indicator 9b demonstrates, the EMRP research community
engaged widely with the standards developing organisations: making 1223 contributions to 310 unique
standards committees resulting in contributions to 126 published or draft standards. In addition, Operational
Indicator 9a shows that at least 51 projects have direct references to regulations in the description of their
research.
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The MSU collected evidence of ‘early impact’. By this we mean, the examples of the early adoption
(relatively soon after projects are completed) of project outputs by measurement users in the public and
private sector. This early adoption demonstrates that the route to impact has started and therefore that longer-
term impact is much more likely to occur.

The Energy theme had a strong focus on research to support the Commission’s Renewable Energy Directive,
developing improved measurement accuracy and techniques to characterise renewable energy sources and
low carbon technologies and support modernisation of the electricity infrastructure. Case studies of early
adoption of the research outputs are provided on the EURAMET website and summarised in the Energy
Impact Report (covering the completed projects in the first Energy theme call).® The case study summaries
are also provided in Annex C.

Examples of early impact include:

1. Enabling implementation of smart grids

Smart grids that proactively manage highly variable supply and demand of electricity were a key component
in the energy infrastructure needed to meet Europe’s target of 20 % of energy consumption from renewable
sources by 2020. As smart grids are managed by radically different instrumentation and control processes to
traditional grids, they require the development of an appropriate measurement infrastructure. Phasor
measurement units (PMUs) are the ‘life-support monitor’ for the smart grids of the future. Installed throughout
the grid, PMUs assess and compare the power signals across the network, enabling grid operators to monitor
and control these complex systems. EMRP research developed calibration equipment, software and
processes that enabled PMUs to be validated against traceable measurement standards for the first time in
Europe. Tests of PMUs in operational grids in Greece and Sweden resulted in best practice guidelines for
PMU use, which were incorporated into a revision of the relevant IEEE Standard used by the industry and
supported the development of PMUs and commercial equipment to calibrate PMUs. The best practice guide
also supported a pilot a ‘smart energy cluster’ on the outskirts of Dublin, which linked small-scale renewable
energy generators with local consumers through a smart grid.

2. Improved efficiency of power plants - reducing CO2 emissions

Increased efficiency of existing fossil fuel and nuclear power plants is part of the solution to reduced CO2
emissions and will also lower the cost of energy for consumers. EMRP research developed better methods
for temperature and flow measurements to support process control in power plants. KROHNE, a leading
manufacturer and supplier of industrial process instrumentation, used the new methods to demonstrate the
accuracy of an innovative ultrasonic flow meter that can also simultaneously measure temperature. A trial of
the new flowmeter in a nuclear power plant against existing measurement methods indicated that deployment
of the flowmeter across the plant would lead to operational efficiencies - of the order of 60 MW, equivalent to
the electricity required to power 10000 extra homes. This represented a significant improvement in plant
efficiency and given Europe’s dependence on large-scale power plants for the foreseeable future, an
important contribution to the efforts to reduce Europe’s carbon footprint.

3. Implementing low energy lighting in the transport network

The EU committed to cutting its greenhouse gas emissions by at least 20 % by 2020 compared to 1990 levels
and to improving energy efficiency by 20 %. With 14 % of the EU’s total electricity consumption used for
lighting, more efficient lighting technologies could make a significant contribution towards meeting these
targets. Solid state lighting (SSL), which uses LEDs as the light source, is the most energy-efficient lighting
technology available and offers good quality light and visual performance and is an ideal candidate for safe
and efficient road lighting. However, our eyes work very differently under the low light (or mesopic) conditions
experienced in road tunnels and many other important lighting applications and standards were needed to
improve the accuracy of light intensity measurements in these conditions. EMRP research developed a novel
mesopic luminance meter and accompanying low light measurement method. Project researchers worked
with Autostrade per I'ltalia to study Italian highway tunnels with LED lighting and determine safety critical
design parameters. The outputs contributed to an Italian standard to support the safe introduction of LED
lighting into Italian road tunnels. It enabled a significant reduction in the consumption of electrical power for
tunnel lighting. LEDs operating at the new safe lighting levels identified within the project contributed a further
33 % saving in electricity consumption. With LED lighting introduced into approximately 95 % of ltaly’s

Shttps://www.euramet.org/metrology-for-societys-challenges/metrology-for-energy/
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1500 km of highway road tunnel network, this standard led to safer roads with significantly reduced power
consumption and associated CO2 emissions.

The Environment theme was focused on measurement research to improve our understanding and
assessment of climate change and ensuring a safe and clean environment by improving measurements to
support environmental regulation in areas such as air and water quality. Case studies of early adoption of the
research outputs are provided on the EURAMET website and summarised in the Environment Impact Report
(covering the completed projects in the first Environment theme call).* The case study summaries are also
provided in Annex C.

Examples of early impact include:

1. Enabling compliance with the European Water Framework Directive (WFD)

The WFD specifies very low permitted levels of pollutants that present a significant risk to or via the aquatic
environment. Toxic pollutants such as tributyltin (TBT), polybrominated diphenylether (PBDE) and selected
polycyclic aromatic hydrocarbons (PAH) are particularly harmful as they are liable to accumulate in the food
chain and endanger a wide range of living organisms. However, the primary measurement methods did not
exist to support compliance with the low levels permitted by the WFD. EMRP research developed validated
primary reference methods (traceable to the Sl units) and reference materials for the analysis of these
pollutants in real-world water samples at the low levels required. These methods allow the robustness of
measurements made in public and commercial labs to be validated and enable regulators to have confidence
in assessments of water quality. The methods are deployed in a humber of European regions and have
enabled the CEN Technical Committee on Water Analysis to develop standards on the analysis of TBT, PBDE
and PAH.

2. Improved roadside pollution monitoring

Improving air quality requires accurate measurements of pollutants at the low concentrations permitted by
European regulation. EMRP research developed preparation methods for calibration gases for SO2, NO and
NO: at or near the limit values of the regulation and a practical portable NO2 generator for cost-effective
calibration of air quality sensors in the field. The NO2 generator has been used by the City of Zurich Health
and Environment Department to calibrate its installed air quality sensors, enabling it to evaluate its pollution
reduction strategy and maintain its lead in reducing city centre pollution.

3. Enabling compliance with the European regulation on vehicle emissions

Particulates are classified as carcinogenic by the World Health Organisation and each generation of the
European emissions regulation reduces the levels permitted in vehicle exhausts. Euro 6, the latest version of
the regulation, introduces a limit on particle number as well as particle mass. EMRP research developed a
new validated aerosol for calibrating the condensation particle counters used to type-test and certify new
engines and ensured its uptake through incorporation of measurement best practice in the relevant ISO
standard. The new facilities at NMIs have enabled two companies to validate and/or improve instrumentation
used to assess automotive exhausts and therefore enable compliance with the tighter regulation and
contribute to reduced harmful emissions.

4. Improved data for Essential Climate Variables

EMRP research has made significant developments towards the goal of an ‘NMI in space’ that will calibrate
and validate the climate data from Earth observation satellites. The metrology community worked closely with
the European Space Agency and climate scientists to develop and test high-level metrology instrumentation
for the space environment. The instrument, a primary radiometer, is capable of a radiometric accuracy of
0.3 %, a factor of 10 improvement on previous traceability methods. The instrument is the key component of
the planned TRUTHS mission (Traceable Radiometry Underpinning Terrestrial- and Helio- Studies) that will
establish an NMI in space.

The Health theme focused on measurement research to improve the diagnosis and treatment of health
conditions via both improved accuracy of chemical and biological analyses and more effective therapeutic
methods and technologies. Case studies of early adoption of the research outputs are provided on the

*https://www.euramet.org/metrology-for-societys-challenges/metrology-for-environment/
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EURAMET website and summarised in the Health Impact Report>. The case study summaries are also
provided in Annex C.

Examples of early impact include:

1. Enabling the introduction of next generation MRI scanners

Next generation MRI scanners with improved image resolution enable clinicians to make more accurate and
effective diagnoses. These scanners, already in use as research tools, work at higher magnetic field strengths
and the safety of both patients and healthcare professionals must be demonstrated before the new scanner
can be adopted in clinical practice. EMRP research developed tools and techniques to accurately assess
patient and operator exposure in the higher magnetic fields. The project outputs contributed to international
guidelines from International Commission on Non-lonising Radiation Protection (ICNIRP) as well as
international and national standards, all of which are essential to the type-approval of MRI scanners. The
project also worked closely with European MRI manufacturers enabling them to assess their products
effectively and ensure compliance with the relevant standards and regulation. This supports both a faster
market introduction of innovative products and ensures the most effective technology is available to patients.

2. More effective therapeutic ultrasound

High intensity therapeutic ultrasound (HITU) is able to destroy cells with minimal damage to surrounding tissue
and has been approved by some countries to treat a range of specific medical conditions such as prostate
and liver cancer. However, there was no metrological infrastructure in place to accurately assess the dose
given to patients and ensure they are treated effectively (not given too low a dose) and treated safely (not
given too high a dose) and this uncertainty creates risks for patients and hinders wider uptake of the technique.
Accurate dose measurements are also essential to creating robust personalised treatment plans for individual
patients. EMRP research (building on research started under EMRP’s precursor programme - iMERA+)
developed a metrological infrastructure HITU that enables consistent and robust measurements of ultrasound
dose and contributed to the key international standards that support the implementation of the European
Medical Device Regulation in this technological area and is also referred to by the US Food and Drug
Administration. The project team has also supported European manufacturers developing HITU equipment
via new calibration services and consultancy, ensuring they can provide equipment and components that will
comply with regulation and provide effective treatment.

3. Enabling effective diagnosis and management of infectious diseases

Infectious diseases account for over 20 % of human deaths globally and 25 % of all morbidity. Accurate and
rapid methods to diagnose and manage infectious diseases are critical to protect public health. Infectious
pathogens can be present in samples at very low levels and accurate and consistent assessment methods
are needed to identify and quantify pathogens. Molecular methods such as digital PCR and nucleic acid
sequencing (NGR), offer the potential to establish the highest-order metrological methods as well as improve
the identification and quantification of pathogens in clinical practice. Traceability to international systems of
measurement is in its infancy in the biological realm and EMRP research developed highly accurate methods
that are moving towards Sl traceability and used them to evaluate new and emerging molecular approaches
for the surveillance and monitoring of infectious diseases. The higher-order methods will support the
development of reference materials used to assure the quality of analyses made in end-user laboratories and
so support robust and effective identification and monitoring of infectious diseases.

4. Improving medical implants

Implantable medical devices improve quality of life for millions of people, but the rates of complication,
infection and device failure are unacceptably high. Novel materials, surfaces and antibacterial and drug-
releasing coatings can improve the biocompatibility of implants, reducing infections and complications. These
require accurate assessment of physical and chemical surface features at the molecular level to support
product development and quality assurance during manufacture. EMRP research developed analytical tools
to validate the near-surface chemistry of implantable medical devices. It advanced the traceability of the
highest-order measurement techniques (complex, expensive and slow methods conducted in a vacuum) and
assessed and improved ‘ambient’ methods suitable for the manufacturing environment. The project team
worked with both implant manufacturers and academic researchers to assess failure mechanisms and identify
sources of contamination on a production line.

5 https://www.euramet.org/metrology-for-societys-challenges/metrology-for-health/
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4 Indicators: operational objectives

This section provides data and evidence against the indicators set for the programme’s operational objectives

as presented in Figure 17 below.

Figure 17 Operational objectives and indicators
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4.1 Cross-border public research programme (01.1)

Figure 18: Operational Objectives - Indicator 1

INDICATOR 1 Numbgr of Member States involved in EMRP and national programmes actively
coordinated

Data / Evidence

23 national metrology research programmes were actively coordinated via EMRP. Each country had formally
made a commitment to participate in EMRP as specified in the EMRP Decision (No 912/2009/EC) of the
European Parliament and Council.

These 23 countries were the EMRP ‘participating states’ and were 19 EU Member States plus four non-EU
European states and the EU Joint Research Centre (JRC):

EU Member States participating in Non-EU Member States
EMRP participating in EMRP
Austria Netherlands Bosnia and Herzegovina*
Belgium Poland Norway

Czech Portugal Switzerland

Republic Romania Turkey

Denmark Slovakia

Estonia Slovenia

Finland Spain

France Sweden

Germany United Kingdom

Hungary

Italy

* Bosnia and Herzegovina joined the programme in 2013

Additional information

In addition to the participating states, organisations from five other EU Member States and 16 non-EU
countries have formally participated in EMRP projects as unfunded partners in JRPs and/or funded partners
via EMRP researcher grants:

EU: Bulgaria, Croatia, Greece, Ireland, Latvia
Other Europe: Liechtenstein, Montenegro, Serbia

Rest of the world: Australia, Brazil, Canada, China, India, Japan, Republic of Korea, Mexico, New Zealand,
Russian Federation, Taiwan-Province of China, Ukraine, United States.

4.2 Address grand challenges (01.2)

Figure 19: Operational Objectives - Indicator 2

Number of research projects which build on the specific strength of NMI and DI and their
INDICATOR 2 . L :
infrastructures and their impact on primary standards

Data / Evidence

All 119 EMRP projects were designed to build on the specific strengths of NMls and DlIs. The projects
supported improved and developed this expertise to ensure that the European metrology infrastructure
provides traceability to primary standards in areas important to the European economy and society.

Projects addressed both the accuracy of the underpinning Sl units and metrology to address the grand
challenges.
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e The S| Broader scope theme (TPs: SIB1 & SIB2) was specifically focused on the coordinated
development of primary standards of the S| units at the highest level — contributing to the international
effort to redefine the Sl units (SIB1) and extending traceability of measurements to Sl units into new
areas (SIB2). 24 projects were supported under the two calls in this theme.

e The projects in the grand challenges themes: Environment, Health, Energy, Industry, New
Technologies took a coordinated approach to developing improved traceability to primary standards,
establishing traceability where it did not previously exist or made traceability to primary standards more
accessible. 78 % of the programme budget was allocated to research focused on the grand challenges:

DISTRIBUTION OF RESEARCH BUDGET AMONG THE THEMES

Open Excellence
3%

Energy
19%

Sl Broader Scope
19%

New Technologies
7%

Environment
20%

Industry
24% Health
8%

4.1 Building capacity in New Member States (01.3)

Figure 20: Operational Objectives - Indicator 3a

INDICATOR 3a | Number of New Member States building up metrology capacities

Data / Evidence

Seven of the EMRP participating states were New Member States. These seven countries participated in joint
research projects funded under EMRP enabling them to collaborate in metrology research projects with more
experienced Member States to develop their metrology capabilities:

EU New Member States
participating in EMRP
Czech Republic

Estonia

Hungary

Poland

Romania

Slovakia

Slovenia

Three additional New Member States also participated in EMRP projects via Researcher Grants: Bulgaria,
Croatia, Latvia. During the later stages of EMRP, Bulgaria and Croatia (and accession state, Serbia) made
the decision to be full participating members of the successor programme (EMPIR) demonstrating their
commitment to European metrology research and their desire and capacity to participate in joint research
projects.
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New Member States (and accession states) made considerable use of researcher mobility grants (as reported
under Indicator 7). The majority of the recipients of mobility grants (60 %) were from New Member States
and accession states.

Figure 21: Operational Objectives - Indicator 3b

Increase in metrology capacity of Member States and countries associated with the
INDICATOR 3b | Seventh Framework Programme whose metrology programmes are at an early stage of
development

Data / Evidence

Participation in EMRP processes and projects enabled countries in new member states and accession /pre-
accession states with developing NMIs and Dls to increase and improve their metrology capacities and their
research skills. Six capacity building case studies are provided below.

Czech Republic

Overview

The Czech Metrology Institute, CMI, is the cornerstone of the national metrology system in the Czech Republic
responsible for legal metrology, maintenance of national measurement standards and the provision of
calibration services to end-users. CMI is an independent public organisation, reporting to the Ministry of Trade
and Industry.

The EMRP and EMPIR programmes have played a central role in increasing the scale and quality of the
metrology research undertaken at CMI. Prior to EMRP and EMPIR the activities of CMI were focused
predominantly on the maintenance of Czech national metrology standards and the delivery of calibration
services to Czech industry, with research only representing approximately 20 % of CMI’s activities. The EU
funding from EMRP leveraged additional matched funding from the Czech government research, increasing
research to approximately 40 % of CMI’s activities. This new funding has enabled CMI to establish a critical
mass of research activities and has supported strategic investments in research staff and facilities. As a result,
there is now a community of research-focused metrologists at CMI with at least one full-time person dedicated
to research in each technical department. This would not have been possible without the EMRP support, in
terms of both funding and access to the expertise of the wider NMI community made possible by the
programme.

CMI has focused its participation strategically, targeting the Industry, Energy, Environment and New
Technologies themes of the programmes (as well as the Sl theme) as these align most closely with their goals
and the needs of Czech industry and society.

Capacity building impact

The research collaboration and researcher mobility activities significantly increased the skills and knowledge
base enabling CMI to develop high quality primary national facilities in technical areas where traditionally
Czech national standards were traceable to the national standards in other countries. These skills enabled
CMI to offer a wider range of R&D problem-solving skills to Czech industry over and above the more
straightforward calibration services. Collaboration also enabled CMI to deepen its relationships with the
European NMI community and establish formal agreements to access national standards and services in
other countries to meet user needs where it makes sense to do so. New national capabilities and facilities,
developed in part via EMRP, include:

e a step-change in its capabilities in time and length metrology, developing an optical clock to create
services to support precision manufacturing, electronics, defence, security. Working with the European
NMI community via EMRP enabled CMI to learn from their experience and ‘jump a stage’ in the
development in atomic clocks.

e the development of an electrical resistance standard based on graphene (and the Quantum Hall Effect)

resulting in a more cost-effective primary standard, enabling CMI to provide increased accuracy to the
electronics sector in the Czech Republic.

e anew laboratory to assess thermal protection materials at high temperatures that is not only widely used
by industry in the Czech Republic but also by businesses in neighbouring countries.
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e increased ability to support high-tech industries such as semi-conductors and nanotechnology bthrough
new complex analytical instrumentation to characterise surfaces and materials at the micro and nano-
scale.

e alow magnetic measurements laboratory to meet demand from Czech industry for lower uncertainties
and calibrations matched to local magnetic conditions. Customers of the service include automotive,
geology and surveying and the military.

The new skills and facilities developed via the EMRP and EMPIR programmes enables CMI to better support
Czech industry and society. While CMI had a long tradition of providing calibration services to industry its new
capabilities are enabling it to provide more complex R&D problem-solving services for businesses in, for
example, the automotive, instrumentation and electronics sectors, so supporting product and process
innovation. Examples include:

¢ The knowledge gained in making accurate temperature measurements in the real-world conditions of
power plants has been used by a Czech manufacturer to design temperature sensors that can operate
in high vibration environments.

e Improved facilities in high pressure and dimensional measurements are supporting automotive
manufacturers and their suppliers in the Czech Republic.

« The new facilities to assess materials at the micro and nano-scale have been used to support the
innovation processes of a range of companies developing new and improved products that include new
hard-wearing coating for car headlights and the surfaces of novel coloured solar—cells.

¢ CMI contributed to the development of a tabletop Terahertz spectrometer that has the potential to be
commercialised to offer a smaller and most-effective device for security applications.

Turkey

Overview

Turkey committed approximately 1.6 M€ at the start of EMRP, a relatively small share compared to its peers
in EURAMET. By the end of the programme, however, the value of Turkey’s contribution via participation in
37 JRPs, was 2.8 M€, which can be viewed as an indicator that the Turkish National Metrology Institute
(TUBITAK UME), considers EMRP to be a success.

TUBITAK UME is a young, medium-sized NMI with capabilities that expanded rapidly from the mid-1990s into
the early 2000s through significant investments made by the Turkish government and the implementation of
two successive World Bank funded projects. Before the IMERA+ programme (the precursor programme to
EMRP) its main focus was on building up capability for primary level calibration and measurement services
to cover the unmet needs of the rapidly expanding and industrialising Turkish economy. What little research
activity did exist consisted mostly of efforts to resolve measurement problems encountered by industrial
customers and public agencies, to set up primary level standards similar to those available in other NMls, and
smaller scale applied research projects undertaken within the technical committees of EUROMET. In
preparation for participation in iIMERA+ and EMRP, TUBITAK UME’s designation was changed from “service
facility” to a “research and development institution” by its governing body, signalling a reorientation of priorities
and allowing engagement in large scale, externally funded R&D.

Capacity building impact

TUBITAK UME’s participation in EMRP projects was broad based and fairly well distributed across the
themes. However, there was a somewhat higher concentration of projects in Energy (9) and S| Broader Scope
(11). The first was a reflection of a national priority given to the issues of energy security and diversification
and electrical grid improvements, and the second, of TUBITAK UME’s concern with keeping abreast of
developments pertaining to technical implications of the expected redefinition of some Sl units and efforts to
establish traceability in emerging areas of measurement so as to ensure that it will maintain and improve its
ability to provide primary level services in these areas.

In general, TUBITAK UME’s engagement in EMRP delivered a number of important benefits. First and
foremost, it allowed the institute to engage in state-of-the-art research and access knowledge at the cutting
edge of metrology, bringing its knowledge base closer to that of the top tier of metrology institutions in Europe
than would have otherwise been possible. In parallel, TUBITAK UME’s researchers gained significant
experience working in high level research in collaboration with other researchers across Europe, some of
whom were among the best in their fields, contributing to a general elevation in personnel skill sets and
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knowledge and an enhancement in the quality of their scientific output. Furthermore, participation in EMRP
projects was instrumental in transforming TUBITAK UME’s stance vis-a-vis stakeholders. Whereas it was
once primarily reactive to stakeholder demands, seeking to build capacity to meet fully materialised and urgent
needs, it became able to build capabilities that anticipate demands for metrology services expected to emerge
in the future and stimulate the adoption of more advanced technologies in the economy.

Examples of the capabilities gained by TUBITAK UME through specific EMRP projects and their benefits to
stakeholders include:

e Participation in the SIB64 METefnet (Metrology for Moisture in Materials) allowed TUBITAK UME to
develop high-level skills in measurement of moisture in materials, which is particularly important to
agricultural concerns and was a demand that TUBITAK UME could not previously meet. Calibration and
measurement services in the area were initiated in 2017.

e Through SIB10 Noted (Novel Techniques for Traceable Temperature Dissemination), TUBITAK UME
developed capabilities in the production and characterisation of reference thermocouples.

e The SIBO1 InK (Implementing the New Kelvin) project allowed TUBITAK UME to expand the range of its
temperature measurements and calibration capability into high temperatures (>1000 °C), which is
important for a number of industries

e As a result of IND12 Vacuum (Vacuum Metrology for Production Environments), a dynamic vacuum
system, a gas mixture preparation system and a set-up for the secondary calibration of leak standards,
used for the characterisation of quadrapole mass spectrometers (QMS) were gained by the Vacuum
Laboratory of TUBITAK UME. New services were initiated in the calibration of leak standards, for which
customers were previously referred to other NMls in Europe.

e Work undertaken within the SIB56 SoundPWR (Realisation, dissemination and application of the unit
watt in airborne sound) project resulted in the realisation of a primary level reference standard for sound
power in the Acoustics Laboratory, now used to offer services to industry. New methods developed
within the project eliminated the need for measurements of sound power to take place in purpose-built
environments, reducing the cost of such measurements.

e Expertise and experience gained through participation in various projects within the Health theme
catalysed the establishment of a Medical Metrology Laboratory at TUBITAK UME, addressing a
significant deficit in the metrology infrastructure in Turkey.

e As the coordinator of SIB58 Angles (Angle Metrology), TUBITAK UME became one the leading institutes
in angle measurements, significantly reducing uncertainties and extending the range of angle
measurements that can be performed at the nano-radian scale. Skills and knowledge gained have been
used in joint projects with stakeholders.

e Participation in ENGO04 Smartgrid (Metrology for Smart Electrical Grids) resulted in the development of
much needed standards for power quality measurement parameters as well as methods for the
calibration of instruments that measure power quality. New skills and services led to the implementation
of a project to enhance the calibration capabilities and measurement infrastructure of the national electric
distribution company, ultimately contributing to greater electrical grid stability.

e Through HLT03 DUTy (Dosimetry for Ultrasound Therapy), TUBITAK UME became one of four institutes
in Europe with the necessary metrological infrastructure to characterise high intensity focused ultrasound
(HIFU) systems that have widespread medical applications.

Bosnia and Herzegovina

Overview

As a relatively young country, Bosnia and Herzegovina has a young and developing national metrology
system. The Institute of Metrology of Bosnia and Herzegovina (IMBiH) was legally established in 2004 and
became operational in 2007. It is an independent administrative organisation directly responsible to the
Council of Ministers of Bosnia and Herzegovina. IMBiH is responsible for establishing and maintaining the
whole metrology system in Bosnia and Herzegovina including scientific, industrial and legal metrology. This
includes: developing, declaring and maintaining the base of national standards of legal units and ensuring
their traceability to the International Standards of the Sl system; prescribing metrological requirements for
standards, reference materials and measuring instruments, recognising standards as national standards,
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performing conformity assessment including the pattern evaluation and pattern approvals of measuring
instruments. IMBiH maintains two laboratories and currently has 53 employees.

As a young NMI in a country that is a potential candidate country for EU membership, IMBiH has accessed a
range of support mechanisms to assist its development. For example, EU IPA (Instrument for Pre-Accession
Assistance) funding has enabled labs to be equipped in the field of chemical, electrical, thermal and
mechanical quantities and a calibration lab in ionising radiation to be established. IMBiH achieved associate
membership of EURAMET in 2005 and full membership since 2009, with representation on ten of EURAMET’s
12 Technical Committees.

Capacity building impact

EMRP provided IMBiH with the opportunity to develop the metrology research skills of its staff as well as
improve their metrology skills more generally, complementing the equipment acquired via other support
mechanisms. Bosnia and Herzegovina became the 23" participating country in EMRP towards the end of the
programme in 2013. Prior to that it had participated in seven researcher mobility grants. This enabled the
IMBiH and its staff to engage with the programme and gain first-hand experience in more developed NMls in
Germany, the UK, ltaly, the Netherlands and Turkey. On joining the programme in 2013 IMBiH became a
partner in four research projects — three in the Energy theme and one in the Environment theme.

Key capacity building achievements resulting from EMRP include:

¢ IMBiH participation in researcher mobility grants (including early-stage researchers) enabled knowledge
transfer and ensured sustainability of cooperation between IMBiH and other NMls. The opportunity to
work on these projects as mobility grant researchers helped gain experience and knowledge for the
career development of IMBiH scientists and prepared the ground for participation in EMRP research
projects. IMBiH’s participation in collaborative research projects continues - to date it is a partner in six
EMPIR projects. A key achievement being that an IMBiH ESRMG/RMG researcher (under EMRP) has
gained necessary experience to be able to coordinate an EMPIR research project (15RPT03 HUMEA -
Expansion of European research capabilities in humidity measurement). This was the first time that an
EMRP or EMPIR project has been instigated and led by an NMI from an emerging country

o Institute staff have further confirmed their competences through publication of papers in peer reviewed
journals and other technical magazines.

e IMBiH increased its entries in the BIPM Calibration and Measurement capabilities (CMC) database — the
key database that demonstrates the equivalence of national metrology systems worldwide. Methods on
primary and secondary level of calibration were developed in IMBIiH in different fields; laboratories
implemented a quality management system according to international standard for metrology: EN
ISO/IEC 17025 and IMBIiH took part in different inter-comparisons to support their CMCs in relevant
fields.

¢ IMBiH designs its research and laboratory development activities to address the needs of environmental
agencies, the electronics, automotive, pharmaceutical and medical device sectors, secondary calibration
laboratories, manufacturers of sensors and accreditation institutes at the national level. The improved
CMCs and research capabilities are helping to improve the quality of calibration laboratories, with
ultimate beneficiaries being the companies and public agencies that use the calibration services. For
example:

o Validated calibration procedures and associated uncertainty formulations developed by the projects
are directly used by calibration laboratories in Bosnia and Herzegovina in order to ensure traceability
of measurements. Measurement results are reported with the associated measurement uncertainty,
which enabling a transparent comparison of measurement results and issue of valid calibration
certificates. This has a large impact on calibration laboratories;

o Testing capabilities of the Laboratory for Chemistry have been improved by publishing CMCs and
has enabled further development of chemistry department in the field of reference measurements
and assignment of reference values for proficiency testing (PT) samples. The Laboratory for
chemistry is active in the field of development of reference methods for testing impurities in gas
matrices in accordance with European normative documents.

o Benefit to the industrial companies that rely on such calibration services; workshops at the national
level will be held to share the project’s outputs and engage with the target user communities.

Impact of the EMRP -31-
Public version 2.0




Poland

Overview

The national metrology institute, the Central Office of Measures (GUM) is the NMI in Poland. It was
established on the basis of the Decree on Measures of February 8, 1919 and the President of GUM the central
authority of the state administration in matters of measurement and hallmarking, reporting to the Minister of
Economy. In addition, there are two designated institutes in Poland - the Institute of Low Temperature and
Structure Research of the Polish Academy of Sciences (INTiBS) and the Laboratory of Radioactivity
Standards, located at the Radioisotope Centre (RC) POLATOM, the National Centre for Nuclear Research.

Capacity building impact

Poland’s metrology system has a relatively small research activity and therefore its EMRP participation was
focused on areas of most importance to the country — in the Sl theme to develop Poland’s metrology system
and in the Industry and Environmental themes. GUM, as the NMI, was the most frequent participant in EMRP
activities, plus additional participation from public or academic research groups such as the Polish National
Centre for Nuclear Research.

Key capacity building achievements resulting from EMRP include:

e New metrological services in the Laboratory of the Electricity Department at GUM in contactless
measurements of the electrical properties of materials for applications in electronics and electrical
products.

e Establishment of a direct traceability route for AC resistance and a measurement system for small values
of resistance at acoustic frequencies.

e The extension of scope for GUM'’s force measurements. This resulted in a collaboration with a producer
of force transducers.

¢ GUM made important contributions to the Large Volume Metrology project (focused in particular on the
aerospace industry), in refractive index of air measurements and preparation of a 50m interferometer for
a testing campaign.

e Improved research skills and measurement capabilities in angle measurements and temperature and
humidity measurements.

Estonia

Overview

AS Metrosert is the NMI in Estonia, responsible for the majority of national standards. It is supported by a
designated institute, the Testing Centre of the University of Tartu. The national metrology system of Estonia
is described in the Estonian Metrology Act and was established in 2004. Estonia was a founding member of
both EMRP and its precursor programme iMERA+. The EMRP funding supports research activities (mainly
researcher time) and as such has complemented EU Structural Funds that have supported the acquisition of
equipment and facilities for metrology.

Capacity building impact

As a very small country with a small NMI, Estonia’s participation was focused on the unique technical skills
and needs of the country. Their participation in research projects was primarily focused on radiometry/ optics/
quantum optics (three projects plus a project under iIMERA+), plus practical industrial dimensional
measurements, measurements of biofuels and measurement of ocean parameters.

Key capacity building achievements resulting from EMRP include:

e Development of metrology capabilities in radiometry (e.g. in low photon flux measurements, low
photocurrent measurements, fibre-optic measurements) including the development of new services
for industrial users in electrical and optical measurements, plus skills in silicon technologies and semi-
conductor physics. The capabilities and skills gained by the NMI are important for supporting Estonian
industry in precision mechanics and optoelectronics and enabling Estonian industry and service
providers to meet the recommendations of ITU (International Telecommunication Union).

e The research collaboration in in-process dimensional measurement has significantly increased the
skills and knowledge base in industrial dimensional measurements generally, including 3D
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measurements of workpieces in laboratory conditions and in the workshop environment; accurate
assessment of machine tools and their measurement capabilities; and the influences of environmental
conditions in workshop environment. These new capacities enable better understanding of cost-
effective production of accurate workpieces and the provision of better NMI (AS Metrosert)
measurement services for industry.

Slovenia

Overview

Although the current metrology system in Slovenia is fairly young, it is based in a long history of regulation
related to weights and measures, and Slovenia has been an active participating country in the EU-supported
metrology research activities since their inception in 2002 — from the ERA-NETs (MERA, iMERA and IMERA+)
all the way through to the EMRP and EMPIR programmes. As one of the smallest countries in the programmes
their financial contribution is small, nevertheless Slovenian metrology institutes have participated in 23 joint
research projects and five researcher grants.

Slovenia’s participation had a strong focus on projects in the Environment and Industry themes to support
Slovenian industry and develop its expertise in a range of environmental measurements. Projects have also
addressed smart grids for future energy supply and managing radioactive materials. Slovenia also participated
in projects developing the Sl system and widening Sl traceability at the highest level to ensure it can meet
future needs for accurate measurement.

Capacity building impact
Slovenia has a distributed metrology system making best use of metrology expertise in a number of institutes
and universities across the country and many of them participated in EMRP.

Key capacity building achievements resulting from EMRP include:

e The Slovenian Institute of Quality and Metrology participated in a range of projects in the Energy,
Industry and S| themes, developing new skills and measurement capabilities in power quality for
smart grids, EMC assessment, the assessment of the performance of dielectric materials and
assessments of complex waveforms. Together these are supporting Slovenian industry, such as the
instrumentation sector and public utilities.

e The Department of Biotechnology and Systems Biology at the National Institute for Biology
significantly increased its skills and knowledge in quantitative PCR and digital PCR to support
diagnostics of human pathogens. This not only led to many high-quality publications but will also
support improved public health. This work brought together research funding and PCR equipment
acquired via European Structural funding (ESIF).

e The Environmental Sciences and Low and Medium Energy Physics group at the Jozef Stefan Institute
contributed to projects in the Environment theme, developing skills and new calibration capabilities
for trace elements in air, water, soil and food to support implementation of the Air and Water Quality
Directives in Slovenia plus traceable measurements for radioactive quantities to support the
management of nuclear waste (the latter brought together research funding and PCR equipment
acquired via European Structural funding).

e The Faculty of Electrical Engineering / Laboratory of Metrology and Quality at the University of
Ljubljana developed and improved their facilities for the calibration of meteorological moisture sensors
that support improved understanding of the atmosphere and measurements of Essential Climate
Variables.

e The Faculty of Mechanical Engineering / Laboratory for Production Measurement and the Institute of
Metals and Technology / Laboratory of Pressure Metrology improved and extended their capabilities
in a range of dimensional and mechanical measurements that underpin the calibration chain for a
wide range of manufacturing sectors.
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4.2 Open access to research infrastructures (01.4)

Figure 22: Operational Objectives - Indicator 4

INDICATOR 4 Number of research infrastructures jointly used in RTD projects

Data / Evidence

The metrology infrastructure in each country is a research infrastructure — the NMIs and Dls in each country
provide both specialist facilities and expertise to conduct metrology research and deliver metrology services
to measurement users. Therefore, each participation of an NMI or DI in a joint research project constitutes a
sharing of research infrastructures. This amounts to 957 research infrastructures jointly used across the 119
EMRP projects.

In addition, the researcher mobility grants supported a very direct method of sharing of research
infrastructures by enabling the movement of researchers between the national research infrastructures. There
were 73 research mobility grants each involving shared use of metrology facilities for joint research (see
Operational indicator 7).

4.3 Increase cooperation between NMI/DIs and science community (01.5)

Figure 23: Operational Objectives - Indicator 5a

INDICATOR 5a Number of research organisations (not being NMI of DI) involved in EMRP projects
INDICATOR 5b !_evgl .of participation in the programme by outside researchers and research
institutions

Data / Evidence

In addition to participation from NMI and Dis, there were 1147 participations in EMRP projects from 916
organisations.

50 % (570) of participations were from universities and public research organisations and 41 % (474) from
industry.
They participated as:
e Unfunded project partners - i.e. full project partners providing a defined contribution to the projects
e Grant recipients - providing additional funded contributions to projects
e Collaborators - signing a Non-disclosure Agreement with the projects to enable them to contribute to the
project and network with project partners
The data is illustrated in the figure below.

Industrial participation was largely in the form of collaboration via a Non-disclosure Agreement or as unfunded
partners. University and public research organisations participated via the Researcher Grant mechanisms or
as collaborators.

A list of participants is provided in Annex A.
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Figure 24: Operational Objectives - Indicator 5¢

INDICATOR 5¢ | Number of PhDs trained in metrology

Data / Evidence

40 PhDs in metrology have been published.

44 Modernisation in programming (O1.6)

Figure 25: Operational Objectives - Indicator 9

List of advanced technologies employed in the developments of primary standards which
INDICATOR 6 . L
can and should be transferred to new and challenging research activities

Data / Evidence

Metrology research makes use of advanced technologies to develop next generation techniques for realising
primary measurement standards and, in the process of developing primary measurement standards,
advances technologies, tools and techniques that may be applied to challenging research activities. Examples
from EMRP projects include:

Graphene

An EMRP project investigated the use of graphene as a practical quantum resistance standard. Graphene
characterisation methods were enhanced by the project and are already being used in various laboratories
where graphene films are grown for research or for applications development (e.g. in the field of electronics).
The ultimate goal of a graphene-based quantum resistance standard will not only improve primary electrical
standards but will also enable accurate assessment of resistance in academic and industrial R&D.

Single photon technologies

A number of EMRP projects have been developing single photon sources and detectors to improve the
primary standards for the measurement of light (radiant power, etc.) but also to ensure that such devices can
be accurately characterised for use in quantum cryptography and quantum computing.

Single electron technologies

A project developed state-of-the-art Single Electron Transport (SET) devices - known as SET pumps — to
support future realisation of the S| unit the ampere. These pumps move a single electron at a time and offer
the opportunity to investigate fundamental electronic phenomena and develop applications such as single-
electron-based information processors and highly sensitive scanning probes.
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Atomic and optical clocks

The metrology community has been at the forefront of the development of atomic and optical clocks for
accurate time measurement. EMRP projects not only advanced the development of practical atomic clocks
for wider industrial and space applications but advanced the ion-trap technologies and techniques for future
optical clocks. The ion-trap techniques have applications in quantum physics and quantum information and
communications research.

Large volume metrology

An EMRP project developed state-of-the-art techniques and instrumentation of the accurate dimensional
measurement of large objects such as aircraft and spacecraft during manufacture. The techniques have wider
applicability to large-scale research facilities that require accurate alignment of components and systems such
as CERN (the project team is already working with CERN), European Synchrotron Radiation Facility and
ITER.

Advanced spectroscopic techniques

A number of EMRP projects improved the accuracy of high-performance spectroscopic techniques such as
energy dispersive X-ray spectroscopy (EDS), X-ray photoelectron spectroscopy (XPS) atomic force
microscopy (AFM), secondary ion mass spectrometry (SIMS), etc. These have wide application in materials
research (in particular) with more accurate techniques enabling the research base to make better quantitative
assessments of new materials.

4.1 Mobility (01.7)

Figure 26: Specific Objectives - Indicator 7

INDICATOR 7 ’ Number of mobility grants implemented

Data / Evidence

384 mobility grants were implemented. These enabled researchers to spend time at other institutions. 30 %
of the mobility grants were for early stage researchers.

The home and destination countries are shown in the chart below illustrating the use of mobility grants for
capacity building. 60 % of the home countries of mobility grant recipients were in New Member States and
accession states, while 82 % of the destination NMI and DlIs were in the larger most experienced NMIs and
Dls in Germany, UK, France, Netherlands, Italy and Spain.

Lists of the mobility grant recipients are provided in Annex B.
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4.2 Strengthen European influence (01.8)

Figure 27: Operational Objectives - Indicator 8

INDICATOR 8 Number of generic cooperation activities with non-European research actors

Data / Evidence

There was significant participation from non-European research actors in the programme. There were 140
participations in EMRP projects by non-European research actors from the NMI/DI, academic and industrial
communities either as unfunded partners or collaborators, illustrated in the chart below. The most frequent
non-European actors were the NMI /DI community, with participation from NMIs/ DIs in 14 countries
participated in EMRP projects (Argentina, Australia, Brazil, Canada, China, Egypt, Japan, Republic of Korea,
Mexico, New Zealand, Russian Federation, Taiwan, Thailand, United States).

No generic cooperation activities with non-European research actors were established but as the second
chart below shows, there was significant levels of interaction with NMI in the USA (NIST) and other important
NMIs in Japan, Korea and China. The EMRP projects addressing the research for the forthcoming redefinition
of the S| have played an important focal point for international activity, bringing together the European
expertise and international NMis via the unfunded partner and collaborator mechanisms.
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4.3 Supporting regulation (01.9)

Figure 28: Operational Objectives - Indicator 9a

INDICATOR 9a Number of EMRP projects with direct references to regulation

Data / Evidence

The EMRP Energy, Environment and Health themes had a strong focus on regulation with many projects
addressing regulatory issues. A number of projects in other themes (such as Industry and S| Broader scope)
also addressed regulation. In total 43 projects (out of the 119 funded) had a direct reference to regulation
(see Figure 29).

Additional information

Energy theme

The Energy theme was predominantly focused on metrology to support Europe’s climate and energy targets.
Twelve projects made a direct reference to the Renewable Energy Directive (2009/28/EC). The directive set
a target that at least 20 % of Europe’s total energy needs fulfilled by renewables by 2020. The projects focused
on:
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e Accurate measurement techniques needed to characterise and quantify renewable fuels to support their
development and trade

e Accurate measurement techniques required for the smart grids and high voltage transmission systems
being developed to ensure electricity generated from renewable sources could be managed and
distributed safely and cost-effectively.

Three Energy projects also supported the development of low carbon technologies to support Europe’s target
for increased energy efficiency (Energy Efficiency Directive 2012/27/EU).

e Two projects focused on the accurate measurements required to characterise and assess on low energy
lighting (LED, OLEDs, etc), supporting both the Energy Efficiency Directive and the Eco-design Directive
(2009/125/EC)

One project addressed the measurements required to characterise and assess energy harvesting
technologies to reduce energy use and potentially reduce use of small batteries, supporting both the
Energy Efficiency Directive and the Batteries Directive (2008/98S/EC)

Two projects on liquid natural gas (LNG) also supported the EU Directive concerning common rules for the
internal market in natural gas (2003/55/EC), the Measuring Instruments Directive (2014/32/EU) and the
Sulphur Directive (2012/33/EU (amendment on Directive 1999/32/EC)) that regulates sulphur emissions from
ships.

SUPPORTING EUROPE’S ENERGY POLICY

In 2009 and 2013, EURAMET launched calls for projects in this area with an aim to establish the measurement
infrastructure necessary to support Europe's sustainable energy goals. Focus was placed on technologies
that enable greatly reduced greenhouse gas emissions, while also ensuring the security of Europe's energy

supply.
RENEWABLE ENERGY

The increased use of energy from renewable sources was a key feature of European energy policy. The
Renewable Energy Directive (2009/28/EC) set a target of at least 20 % of Europe's total energy needs to
be fulfilled with renewables by 2020 including at least 10 % of transport fuels from renewable sources by the
same date.

Thirteen EMRP projects supported the Renewable Energy Directive (2009/28/EC). Three among these
focused on the development of measurement infrastructures required for biogas, liquid biofuels and LNG to
ensure they could be traded fairly and efficiently and be incorporated safely into existing distribution networks
and infrastructures and supporting the development of the Internal Market in Natural Gas (2009/73/EC).

ENGO1 - Characterisation of energy gases - This project put in place the necessary metrology infrastructure
to enable the “inter-changeability” of energy gases so that gaseous fuels from non-conventional sources could
access grids across the EU.

ENGO09 - Metrology for biofuels - This project addressed the need for internationally-accepted methods and
certified reference materials to improve the accurate measurement of biofuels from different geographical
regions. It developed a measurement infrastructure that not only provided reliable data but could rapidly adapt
to different types and origins of biofuels. It also made considerable progress towards European and
International harmonisation of the measurement methods of biofuels and their blends with fossil fuels.

ENGO3 -Metrology for liquefied natural gas — this project enabled natural gas trading between countries not
served by pipelines.
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These projects also supported the Measuring Instruments Directive (2014/32/EU) and the Sulphur
Directive (2012/33/EU (amending Directive 1999/32/EC)) that regulated the sulphur content of marine fuels.

IMPROVING ENERGY EFFICIENCY

Seven projects supported the development of low carbon technologies to achieve Europe’s target for
increased energy efficiency and support the EU Internal Market in Electricity. (Energy Efficiency Directive
2012/27/EU and 2009/72/EC

Four EMRP projects focused on the measurements required to help improve the efficiency of existing power
plants, support the development of next generation nuclear plants and HVDC connections, and manage smart
grids: ENGO06 Metrology for Improved Power Plant Efficiency; ENG04 Metrology for Smart Electrical Grids;
ENGO07 Metrology for High Voltage Direct Current and ENG08 Metrology for New Generation Nuclear Power
Plants.

ENGQ7: Metrology for High Voltage Direct Current (HVDC)

High Voltage Direct Current (HVDC) energy transmission is crucial for a successful uptake of renewable
energy sources in the grid. This project provided improvements to the existing the metrology infrastructure to
support HVDC, at the proposed 800 kV working level, to ensure that HYDC can be reliably measured for grid
protection or billing purposes.

Four projects also supported the Eco-design Directive: ENG02, ENG05, ENG62, IND62

ENGO02 Metrology for Energy Harvesting

Harvesting energy from waste heat, movement and vibration can provide energy at the point of use for a wide
range of portable electronic devices, decreasing the demand for energy from the grid and batteries. It also
offers opportunities for increasing the efficiency of vehicles via recycling energy lost to heat.

ENGO05 Metrology for Solid State Lighting extended NMI capabilities in the measurement of incandescent and
fluorescent lighting to solid-state lighting (i.e. LEDs), providing more accurate measurements of electrical,
optical and visual performance required for the design, manufacture and quality control of solid-state lighting
devices. One-fifth of global electricity consumption is for lighting and a considerable reduction in energy
consumption could be obtained by replacing conventional lighting products with low energy technologies such
as LEDs.

EU Emissions Trading Scheme
EU Directive 2003/87/EC on the EU’s Emissions Trading scheme was directly referred to in two projects,
ENGOQ7 Metrology for High Voltage Direct Current (HVDC) and ENGO01 on the characterisation of energy

gases:

ENGO1 on the characterisation of energy gases. The advances made through the project in composition
determination made it easier to analyse refinery gases and syngases with a wide composition range, allowing
more reliable measurement of compliance with the Emission Trading Scheme. The project also addressed
the need arising from Scheme for accurate measurements of the carbon content of alternative fuel gases,
such as refinery gas and syngas that principally arise as by-products of coke and petroleum production.

Environment theme

Ten projects in the Environment theme focus on the measurements required to robustly analyse and quantify
pollutants and other hazardous substances to support air and water quality regulation and therefore directly
refer to the:
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e Water Framework Directive (WFD-2000/60/EC) and the related directives: the Drinking Water Directive
(98/83/EC); the Directive on Technical Specifications for Chemical Analysis and Monitoring of Water
Status (2009/90/EC); Directive on environmental quality standards in the field of water policy
(2008/105/CE) and Directive relating to restrictions on the marketing and use of certain dangerous
substances and preparations (organostannic compounds) (2002/62/EC)

e Ambient air quality and cleaner air for Europe Directive (2008/50/EC) and related directives such as
Directive relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient
air (2004/107/EC)

e The Euro series of emissions regulations for type-approval of motor vehicles and engines: for light duty
vehicles (cars and vans) (No 715/2007) and for heavy duty vehicles (No 595/2009) and related directives
on regular emissions testing

¢ Industrial Emissions Directive (IED) (2010/75/EU) that sets out limits on the emissions from a range of
industrial processes.

¢ Directive on national emission ceilings for certain atmospheric pollutants (NEC) (2001/81/EC) regulates
ammonia emissions in the Member States

e Directives focused on reducing mercury in the environment: Restriction of Hazardous Substances
RoHS) in Electrical and Electronic Equipment Directive (2002/95/EC) and the Directive relating to
arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air (2004/107/EC)

In terms of broader environmental challenge climate change, a project focused on issues related to the
measurement of environmental parameters to assess climate change addressing the INSPIRE Directive
(2007/2/EC) — to establish an Infrastructure for Spatial Information in the European Community for the
purposes of EU environmental policies and policies.

Three environment projects addressed measurements related to radioactivity. Two projects addressed
measurements of radioactive waste during the decommissioning of nuclear power plants, addressing
Directive 96/29/EURATOM laying down basic safety standards for the protection of the health of workers and
the general public against the dangers arising from ionising radiation and related IAEA Safety Standards
Series. The third project addressed measurements for a radiological early-warning systems in Europe.

Health theme

Seven projects in the Health theme addressed the provision of accurate measurements to support the
implementation of Directives focused on the use of medical procedures and devices. Accurate measurement
ensure that healthcare tools and processes are effective and that safety standards are meaningful. Five
projects addressed:

e Medical Device Directive (93/42/EEC) and related directives that cover the conformity assessment of all
medical equipment used to diagnose, prevent, monitor and treat medical conditions.

¢ In-vitro Diagnostics (IVD) Directive (98/79/EC) that regulates devices and accessories used to perform
tests on samples for diagnostic, prevention and health monitoring purposes

e Directive on medicinal products for human use (2001/83/EC) and its related directives — that regulate
medicinal products such as pharmaceuticals, and the Directive on processing, storage and distribution
of human blood and blood components (2002/98/EC)

Two projects in the Health theme addressed the requirements for accurate measurements of ionising radiation
to ensure patient safety covered by Directive 97/43/EURATOM health protection on individuals against the
dangers of ionising radiation in relation to medical exposure.

A further project addressed the safety of healthcare workers regarding the electromagnetic radiation of MRI
scanners as covered by the Physical Agents Directive (2004/40/EC). In this case the issue was accurate
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measurements to support both healthcare workers and ensure the effectiveness of the MRI as a diagnostic
tool.

A project addressed the effects of non-audible sound on humans and potential extensions to the coverage of
environmental noise directives: Directive on the assessment and management of environmental noise
(2002/49/EC) and Directive on minimum health and safety requirements regarding the exposure of workers
to the risks arising from physical agents (noise) (2003/10/EC).

ENVIRONMENTAL PROTECTION

Ten projects in the Environment theme focussed on the measurements required to robustly analyse and
quantify pollutants and other hazardous substances to support air and water quality regulation and therefore
directly refer to the:

e Water Framework Directive (WFD-2000/60/EC) and the related directives: the Drinking Water
Directive (98/83/EC); the Directive on Technical Specifications for Chemical Analysis and Monitoring
of Water Status (2009/90/EC); Directive on environmental quality standards in the field of water policy
(2008/105/CE) and Directive relating to restrictions on the marketing and use of certain dangerous
substances and preparations (organostannic compounds) (2002/62/EC)

e Air Quality Directive (2008/50/EC) and related directives such as Directive relating to arsenic,
cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air (2004/107/EC)

¢ Regulation (EU) 305/2011 (amends 89/106/EEC) on VOCs in Construction products

e The 6" Environmental Action Programme (2002/1600/EC)

e Marine Strategy Framework Directive (2008/56/EC)

e The Euro series of emissions regulations for type-approval of motor vehicles and engines:
amended by Commission Regulation (EU) 2018/1832) for light duty vehicles (cars and vans) and for
heavy duty vehicles and related directives on regular emissions testing

¢ Industrial Emissions Directive (IED) (2010/75/EU) that sets out limits on the emissions from a range
of industrial processes.

e Directive on national emission ceilings for certain atmospheric pollutants (NEC) (2001/81/EC)
regulates ammonia emissions in the Member States

e Habitats Directive (92/43/EEC) which ensures the conservation of rare, threatened or endemic
animal and plant species

e Directives focused on reducing mercury in the environment: Restriction of Hazardous Substances
RoHS) in Electrical and Electronic Equipment Directive (2002/95/EC)

ENVO05 OCEAN - Metrology for ocean salinity and acidity

This project aimed to meet the objectives of the European Marine Strategy Framework Directive (MSFD
20089) to have measurement techniques in place to monitor the Ocean’s status. The project outcomes
delivered the required metrological basis for simplified sensor calibration on sea and helped establish links to
European and worldwide monitoring projects.

The project results represent important steps towards an integrated European ocean observation
infrastructure based on robust metrology, indispensable for measuring small changes in long-term
oceanographic data series. It also developed a reliable database to advance deep sea research - important
not only for climate forecasting but also for sustainable economic use of the ocean.

Two projects focussed on metrology for Earth Observation and climate change, and will directly benefit the
EU’s Copernicus programme (Europe’s satellite system for monitoring the Earth for environment and
security), as well as informing the INSPIRE Directive (2007/2/EC) — to establish an Infrastructure for Spatial
Information in the European Community for the purposes of EU environmental policies. In addition, this has
led to an enduring partnership between NMIs and key stakeholders, forming the foundations of a European
centre of excellence: the European Metrology Network for Climate and Ocean Observation.
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NUCLEAR SAFETY

Six projects addressed measurements related to the decommissioning of nuclear facilities and radioactive
waste management, directly related to the three EURATOM directives: 2011/70/EURATOM;
2014/87/EURATOM and 2013/59/EURATOM (repealing Directive 96/29/EURATOM) laying down basic
safety standards for the protection of the health of workers and the general public against the dangers arising
from ionising radiation and related IAEA Safety Standards Series.

IMPROVING CITIZEN’S HEALTH

Five projects in the EMRP programme have enabled instrument manufacturers, clinicians and researchers to
comply with the requirements of Regulation (EU) 2017/746 on in vitro diagnostic medical devices that
repeals Directive 98/79/EC.

HLT04 Metrology for the characterisation of biomolecular interfaces for diagnostic devices developed new
reference materials and biomarker analysis techniques to aid instrument manufacturers and researchers in
the development of better IVDs for a broad range of medical conditions, while HLT05 Metrology for
metalloproteins developed primary reference methods to provide traceability to measurement standards for
many different types of previously uncharacterised metalloproteins to establish compliance with the
Regulation.

HLTO08 Metrology for monitoring infectious diseases, antimicrobial resistance, and harmful micro-organisms
successfully developed highly accurate Sl traceable methods to support the quantification of bacteria in
clinical samples and generated reference materials for use in External Quality Assessment schemes. The
research outputs are particularly important for supporting the proposed new network of Reference
Laboratories for Class D (infectious pathogens) In Vitro Diagnostic devices (IVDs).

A further project as part of the Sl broader scope initiative, SIBO9 Primary standards for challenging elements
developed procedures and methods for realising Sl traceable solution standards for four industrially important
elements: Magnesium (Mg), Aluminium (Al), Zinc (Zn), Rhodium (Rh) and Molybdenum (Mo), to enable
accurate measurements for instruments such as the in vitro diagnostic devices Regulation and the Water
Framework Directive.

The results from the project SIB54 Traceability for biologically relevant molecules and entities enabled the
demonstration of Sl traceability through counting for nucleic acid and cell measurements. This underpins the
development of reference materials, supports compliance with the IVD Regulation, and with international
standards such as ISO 17511.

MEDICAL DEVICES DIRECTIVE

The EMRP project HLT03 Dosimetry for Ultrasound Therapy developed the basis for High Intensity Focused
Ultrasound (HIFU) dose determination and the heating effects induced using validated modelling methods
and phantoms to replicate the body during treatment. This contributed to part of a series of standards under
the European Medical Devices Directive.

IND56 Chemical metrology tools to support the manufacture of advanced biomaterials in the medical device
industry developed a suite of new tools for European NMls to support medical device characterisation as well
as tools and techniques suitable for research and industrial use. The project’s outputs were disseminated
widely to the metrology community; high-level users of precision instrumentation in research environments;
regulators and medical device manufacturers.

NON-IONISING RADIATION
Two projects HLT06 Metrology for next-generation safety standards and equipment in MRI, and NEWOQ7
Microwave and terahertz metrology for homeland security related directly to the Physical Agents Directive
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2013/35/EC, which repeals 2004/40/EC regarding the exposure of workers to electro-magnetic fields,
including the safety of clinicians performing tasks near operating MRI machines.

HLTO06 Metrology for next-generation safety standards and equipment in MRI developed an assessment
procedure to provide hospitals with a strategy for evaluating the safety of staff actions when planning new
surgical procedures. This enables hospitals and staff to have greater confidence when identifying critical
situations which may exceed safety limits and permits the early introduction of strategies to reduce debilitating
“motion-induced” sensations, in an important step towards the safe performance of new MRI guided surgical
procedures.

NEWOQ7 Microwave and terahertz metrology for homeland security developed robust calibration methods and
a validated modelling approach that has shown that terahertz radiation is safe for use in security surveillance.
The techniques developed during this project can also be used to demonstrate compliance with the Physical
Agents Directive, as well as for other applicable national and international guidelines, such as that of the
International Commission on Non-lonising Radiation Protection (ICNIRP).

A project addressed the effects of non-audible sound on humans and potential extensions to the coverage of
environmental noise directives: Directive on the assessment and management of environmental noise
(2002/49/EC) and Directive on minimum health and safety requirements regarding the exposure of
workers to the risks arising from physical agents (noise) (2003/10/EC).

Figure 29: List of projects and related directives*

Renewable Energy Directive (2009/28/EC)

Renewable Energy Directive (2009/28/EC); Emissions Trading Directive (2003/87/EC)

ENGO01 GAS Characterisation of Energy Gases

ENGO02 Harvesting Metrology for Energy Harvesting

ENGO03 LNG Metrology for Liquefied Natural Gas (LNG)
ENGO04 SmartGrid  Metrology for Smart Electrical Grids
ENGO07 HVDC Metrology for High Voltage Direct Current

ENGO09 Biofuels Metrology for Biofuels

ENG52 SmartGrid Il Measurement tools for Smart Grid stability and quality

ENGS53 ThinErgy Traceable characterisation of thin-film materials for energy applications

ENG54 Biogas Metrology for biogas

ENG55 PhotoClass Towards an energy-based parameter for photovoltaic classification

ENG56 DriveTrain  Traceable measurement of drive train components for renewable energy systems

ENG61 FutureGrid  Non-conventional voltage and current sensors for future power grids

ENG63 GridSens Sensor network metrology for the determination of electrical grid
Energy Efficiency Directive 2012/27/EU) Batteries Directive (2008/98S/EC)
Eco-design Directive (2009/125/EC) Waste Directive (2008/98/EC)

ENGO02 Harvesting Metrology for Energy Harvesting

ENGO04 SmartGrid  Metrology for Smart Electrical Grids

ENGO5 Lighting Metrology for Solid State Lighting

ENGO6 PowerPlants  Metrology for improved power plant efficiency
ENG52 SmartGrid Il Measurement tools for Smart Grid stability and quality
ENG62 MESalL Metrology for efficient and safe innovative lighting
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INDO4 MetroMetal lonising radiation metrology for the metallurgical industry

Directive concerning common rules for the internal market in natural gas (2003/55/EC)
Measuring Instruments Directive (2014/32/EU)
Sulphur Directive (2012/33/EU (amendment on Directive 1999/32/EC))

ENGO3 LNG Metrology for Liquefied Natural Gas
ENG54 Biogas Metrology for biogas
ENG60 LNG I Metrological support for LNG custody transfer and transport fuel applications

Water Framework Directive (WFD-2000/60/EC) and associated directives

ENV08 WFD Traceable measurements for monitoring critical pollutants under the European
Water Framework Directive (WFD-2000/60/EC)
ENVO05 Ocean Metrology for ocean salinity and acidity

ENV51 MeTra Traceability for mercury measurements

Ambient air quality and cleaner air for Europe Directive (2008/50/EC)
The Euro series of emissions regulations for type-approval of motor vehicles and engines

ENV01 MACPoll  Metrology for Chemical Pollutants in Air

ENVO02 PartEmission Emerging requirements for measuring pollutants from automotive exhaust emissions
ENV52 HIGHGAS Metrology for high-impact greenhouse gases

ENV56 KEY-VOCs Metrology for VOC indicators in air pollution and climate change

INSPIRE Directive (2007/2/EC)

ENV04 MetEOC European metrology for earth observation and climate
ENV53 MetEOC2  Metrology for earth observation and climate

Directive 96/29/EURATOM

ENV09 MetroRWM Metrology for Radioactive Waste Management

ENV54 MetroDecom Metrology for decommissioning nuclear facilities

ENV57 MetroERM Metrology for radiological early warning networks in Europe
HLTO09 MetrExtRT Metrology for radiotherapy using complex radiation fields
HLT11 MetroMRT Metrology for molecular radiotherapy

INDO4 MetroMetal lonising radiation metrology for the metallurgical industry

Industrial Emissions Directive (IED) (2010/75/EU)

ENV60 IMPRESS Metrology to underpin future regulation of industrial emissions
ENV51 MeTra Traceability for mercury measurements

Directive on national emission ceilings for certain atmospheric pollutants (NEC) (2001/81/EC)

ENV55 MetNH3 Metrology for ammonia in ambient air
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ENV52 HIGHGAS Metrology for high-impact greenhouse gases

Hazardous Substances RoHS) in Electrical and Electronic Equipment Directive (2002/95/EC)
Directive relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in
ambient air (2004/107/EC)

ENV51 MeTra Traceability for mercury measurements

Medical Device Directive (93/42/EEC)

HLTO03 DUTy Dosimetry for ultrasound therapy
IND56 Q-AIMDS  Chemical metrology tools to support the manufacture of advanced biomaterials in the

medical device industry

In-vitro Diagnostics (IVD) Directive (98/79/EC)

HLTO04 BioSurf Metrology for the characterisation of biomolecular interfaces for diagnostic devices
HLTO5 Metallomics Metrology for metalloproteins

HLTO8 INFECT-MET Metrology for monitoring infectious diseases, antimicrobial resistance, and harmful
micro-organisms

SIB54 Bio-SITrace Traceability for biologically relevant molecules and entities

Directive on medicinal products for human use (2001/83/EC)
Directive on processing, storage and distribution of human blood and blood components (2002/98/EC)

HLT10 BiOrigin Metrology for biomolecular origin of disease

Physical Agents Directive (2004/40/EC)

HLTO6 MRI safety Metrology for next-generation safety standards and equipment in MRI

Directive on the assessment and management of environmental noise (2002/49/EC)
Directive on minimum health and safety requirements regarding the exposure of workers to the risks
arising from physical agents (noise) (2003/10/EC)

HLO1 Ears Metrology for a universal ear simulator and the perception of non-audible sound

EMC Directive (2004/108/EC)

IND60 EMC Improved EMC test methods in industrial environments

Construction products regulation (Regulation (EU) No 305/2011)

SIB52 Thermo Metrology for thermal protection materials

*Some projects are listed under more than one category of regulation

Figure 30: Operational Objectives - Indicator 9b

INDICATOR 9b | Number of presentations at standardisation technical committees or working groups

Data / Evidence

1206 contributions were made to 534 unique standards committees,

this resulted in contributions to 126 published and draft standards.
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Many of the technical committees were working on standards linked to the effective implementation of the
regulations reported under Operational Indicator 9a. Such standards specify measurement methods to be
deployed in the field or commercial calibration and test laboratories that provide measurements to assess, for
example, air and water quality.

4.4 Supporting industry through up front public metrology research (01.10)

Figure 31: Operational Objectives - Indicator 10a

INDICATOR 10a Number of scientific publications

Data / Evidence

2465 papers were published. In addition, 607 papers were published in conference proceedings and 33
contributions made to books.

Figure 32: Operational Objectives - Indicator 10b
INDICATOR 10b Number of presentations at congresses

Data / Evidence

5259 contributions were made at conferences - 3394 presentations and 1521 posters.

Figure 33: Operational Objectives - Indicator 10c
INDICATOR 10c Number of patents granted

Data / Evidence

36 patent applications were made.

Figure 34: Operational Objectives - Indicator 10d
INDICATOR 10d ‘ Number and quality of activities related to metrology communication and diffusion

Data / Evidence

2155 activities have been undertaken to communicate and diffuse the outputs of EMRP projects. In the
majority of cases (89 %) the target audience was measurement users in the industrial, public sector and
academic communities. The remainder (11 %) were targeted at the general public.

These included a wide range of activities:

Dissemination activities Number
Presentation at seminar/workshop etc. 711
Website 238
JRP event / workshop / seminar 209
Article published in trade / professional press 136
Article published in the popular press 98
Exhibition 89
Newsletter, flyer, leaflets 119
Press release 84
Media interview 53
Communication with the public/public report 73
Video /film 12
Email lists, social networking, etc. 22
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Other 311
TOTAL 2155

Audience size: the dissemination activities are estimated to have reached a total audience of 653,0008

Figure 35: Operational Objectives - Indicator 10e
INDICATOR 10e | Number and quality of training activities

Data / Evidence

1020 training activities were undertaken. Of these:

e 463 were focused on training for the NMI/DI community
e 557 were focused in training of users of metrology

The training took a wide range of formats, appropriate to the audiences being targeted:

Audience

Measurement NMI/DI
Type of training users community
One-to-one training 42 172
Training course/workshop for external 448 248
Interactive online training course/tool 17 7
Written training material for external 23 28
(online/paper)
Other 27 8
TOTAL 557 463

A further 35 PhDs (see Operational indicator 5¢) and 25 Masters students were trained in metrology.
It is estimated that the training activities reached the following audiences.

Measurement user community: an estimated 7,400 people from the measurement user community were
trained in small group sessions and workshops (with an estimated total number of training days of 9,400).

NMI/DI community: 3,100 people in the NMI/DI community were trained (with an estimated total number of
training days of 8,500).7

The total number of training days is larger for training the NMI/DI community as the training tends to be more
intensive such as training visiting guest workers.

Specific Objectives - Indicator 10e
INDICATOR 10e Number of industrial participants

Data / Evidence

8 Project partners report estimated audience size in ranges (e.g. 50-100, 101-200 people), therefore the total number
is an estimate. The estimate does not represent unique numbers of people as people may be targeted by more than
one dissemination activity.

7 Project partners report numbers of attendees at training events in ranges (e.g. 5-10, 11-25 people), therefore the
total number is an estimate. The estimate does not represent unique numbers of people as people attending more
than one training event will be