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Legal notice

This report provides an overview of the activities
of METAS in 2023.
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Previous METAS annual reports.

Objectivity

METAS works independently of specific manufacturers,
brands and products. lllustrations and references

in which manufacturers, brands or products can

be identified do not constitute a recommendation

by METAS.

Finances

Pages 30 and 31 of this report contain information
on the annual financial statements of METAS as at
31 December 2023. The 2023 annual accounts have
been published together with the auditor’s report
at www.metas.ch:
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Editorial

Progress requires accuracy

Only what can be measured accurately and precisely can be
manufactured and monitored reliably. That is why science and
technology, but also economic and social development, are
dependent upon continuously evolving metrological funda-
mentals and processes.

It is therefore essential for a national metrology institute like
METAS to stay abreast of scientific and technical develop-
ments so that it can promptly identify emerging demands on
measurement technology and the metrological infrastructure.
This allows our institute to initiate certain measures, such as
developing new expertise or adapting measuring stations, as
was the case with the mobile measuring system to determine
the discharge volumes of hydrogen fuel pumps (pages 12 and
13) and the new verification laboratory for nanoparticle meas-
uring instruments (pages 20 and 21).

In order to keep pace with the increasing importance of digi-
talisation, METAS is eager to develop and expand on digital
metrological services and have a hand in shaping develop-
ment in this area. For example, we are currently developing an
artificial intelligence-based method for automatically detect-
ing and quantifying indicators of peat deposits in plant soil
(pages 16 and 17). METAS is also keen to drive forward the
creation of metrological services aimed at supporting digital-
isation (digital trust).

In view of the limited funds at our disposal, we must prioritise
research and development and take a targeted approach to
our use of resources. To do this, a good research plan is essen-
tial. This is also highlighted in an interview with the two indi-
viduals responsible for research at METAS (pages 10 and 11),
who explain that doing good research and development work
in our laboratories does not quite cut it and that it is instead
vitally important to ensure that the results of these efforts can
also be put to good use. Our aim in this regard is to be able
to offer our customers new services. Furthermore, we need
to strengthen the transfer of technology, not least also to
generate additional funds to finance our research activities.

Dr Philippe Richard
Director of the Federal Institute of Metrology METAS
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Opening remarks

“The evolution of
METAS throughout my
years in office makes

me incredibly proud

It was a privilege for me to sit on the METAS Insti-
tute Council between 2012 and 2023 and to serve
as its President for the last five of those years. The
changes | witnessed during this twelve-year period
were vast. Following the preparatory work in 2012
for METAS’ “release” into the third tier the following
year, the Institute Council was tasked with ensuring
that the Institute made optimal use of this new-
found “freedom”. It was therefore a highlight for me
when, in 2015, METAS introduced its Master Chro-
nometer Certification for the Swiss watch-making
industry, a stamp of approval for particularly precise
mechanical watches, and subsequently also imple-
mented this with a major manufacturer.

In recent years, | have been privy to the process by
which the Institute has identified the topics that it
foresees will be of key concern in the world of metrol-
ogy in the future with the “METAS 2025 Strategy”.
As this strategy is largely the result of collaboration
between various interdisciplinary research teams,
METAS facilitated and promoted cooperation across
organisational boundaries.

This freedom did, however, also come with more
responsibility for METAS as a “business”, as it meant
identifying and managing corporate risks. This in-
cluded IT risks, which have become an increasingly
critical consideration as a result of the heightened
focus on digitalisation in recent years. The logical
response to this was the appointment of a Chief
Information Security Officer in the reporting year.

'99

It makes me incredibly proud to see how METAS

has evolved over the years from an administrative
office to an entrepreneurial institute in the third
tier and how the whole team has dealt with these
changes.

| hope that METAS will continue to pursue this path
undeterred in the future and wish my successor as
President and all the members of the Institute Council
the foresight, prudence, strength and enthusiasm to
perform such an important task!

Dr Matthias Kaiserswerth
Former President of the Institute Council
(2019 to 2023)

METAS 2023 | Opening remarks



Over the past twelve years, my predecessor as
President of the Institute Council, Dr Matthias Kai-
serswerth, has led METAS with contemplation and
dedication and guided it through an era of ground-
breaking developments, transforming it into a syno-
nym for precision and reliability in the world of
metrology. With his integrative leadership style, he
created an environment where innovation thrives and
scientific knowledge can be implemented quickly.
He leaves behind a strong legacy that forms a sound
basis for our future progress. For this, he deserves
our deepest gratitude!

With the aim of carrying forward this tradition of ex-
cellence and ensuring that measurements can be
performed in Switzerland with the level of precision
required in the fields of business, research and
administration, we are keen to continue to break
new ground when it comes to innovation. That is why
| am particularly excited to welcome to our Institute
Council Dr Corinne Jud (Member of the Executive
Board, Agroscope) and Dr Jonas Richiardi (Principal
Investigator and Senior Lecturer, CHUV and Univer-
sity of Lausanne, Radiology Department), who | am
sure will make a invaluable contribution in this regard.
With these young and competent individuals, we
are further consolidating METAS’ position as the
world’s leading small national metrology institute.

METAS 2023 | Foreword

The Institute Council (from left): Dr Jonas Richiardi, Prof. Dr Sonia Isabelle Seneviratne, Roger Siegenthaler,
Prof. Dr Alessandra Curioni-Fontecedro, Dr René Lenggenhager (President), Dr Ursula Widmer (Vice President), Dr Corinne Jud.

My connection to METAS and its importance in my
career trajectory, particularly during my time as
Head of the Laboratory and Weighing Technologies
Business Unit at Mettler-Toledo AG, make me all the
more delighted and honoured to have been elected
the new President of the Institute Council. | am espe-
cially proud of our cooperation in relation to the suc-
cessful development of the watt balance to redefine
the kilogram; a milestone that has had a lasting im-
pact on the metrological world.

It fills me with enthusiasm and satisfaction to have
the honour of presiding over such a renowned and
competent institute and | very much look forward
to working with the entire Executive Board and all
my new colleagues. Together, we will carry forward
our tradition of excellence and lead METAS towards
a highly promising future.

Dr René Lenggenhager
President of the Institute Council (since 2024)




Highlights of the year

In the 2023 reporting year, METAS once again celebrated a number of highlights -
and not just those of a scientific or metrological nature. A general highlight that we
could all revel in was undoubtedly our ten-year anniversary as a federal institute.

28 June 2023

Having first been founded as the Eidgends-
sische Eichstéatte (federal verification
laboratory) in 1862 and later evolving into
the Federal Office of Metrology in 1977,
the Federal Institute of Metrology METAS
would ultimately be established with its
own legal personality in the third tier of
the Federal Government in 2013.

On 28 June 2023, METAS celebrated its
tenth anniversary as an institute together
with its customers and partners.

E- E 10 years as 4

an institute

7 June 2023

Since summer 2023, our gas analytics laboratory
has been the international reference laboratory of
the “Global Atmosphere Watch” (GAW) network
of the World Meteorological Organization (WMO)
for halogenated volatile organic compounds
(VOC) in the atmosphere.

Thanks to the references developed as part of the
“MetClimVOC” project, METAS is now able to offer
reference gas mixtures for ten halogenated VOCs.

E E Global Atmosphere
1
1L Watch Programme (GAW)
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Organisation Internationale de

Métrologie Légale

International Organization of

Legal Metrology

17 October 2023

METAS also represents Switzerland in the Interna-
tional Organization of Legal Metrology (OIML).
Dr Bobjoseph Mathew was elected President of
its governing body, the International Committee
of Legal Metrology (CIML), for a six-year term of
office. With this appointment, the Head of our
Department of Legal Metrology, who was also the
Deputy Director of METAS until 31 December 2023,
becomes the tenth CIML President and is also the
first Swiss person to hold this post.

E E International Organization
1
;| of Legal Metrology (OIML)

f' T Zwettiiamin

29 September 2023 -
x St u‘*“l‘:.v- Matrologe in Dienst “‘"‘\
é -'"”.:a”‘ dar Labenmshitisfwicharfisil
Thanks to the integration of various o T
FSVO laboratories, METAS has oper- S T
ated the three new Inorganic Analysis ] T METAS

and References, Organic Analysis and
References and Biological Analysis
and References laboratories since 1 December 2023

1January 2028.
The long-standing Swiss metrology magazine

This measure meant that we could add “METinfo” is re-released as “The Reference.”
two further national reference labo- after undergoing a complete overhaul of its
ratories to our portfolio: the reference layout, structure and content. It is set to be
laboratory for food-borne viruses and published twice a year in spring and autumn.
the reference laboratory for genetically

modified organisms (GMOs) in food. The digital version can be downloaded from the
Both of these laboratories were inte- METAS website in German, French and English.

grated into the ISO/IEC 17025-accred-
ited METAS testing centre STS 0119.

Oby

E The Reference.
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Implementation
of the Metrology Act

METAS ensures compliance with
metrology law in Switzerland.

Here are some of the measuring
equipments and measuring procedures
tested.

Tests by the cantons

96.8 %

implementation rate for
verification of measuring
instruments (including
49,100 scales and 26,100
measuring instruments
for liquids other

than water)

90.7 %

implementation rate

of tested pre-packaged
goods of the same
nominal quantity
(5,800 lots)

tested pre-packaged
goods of a different
nominal quantity

Tests by METAS
3,200

breath alcohol
measuring instruments
2,600 road traffic measuring
instruments (red light
and speed)
1 900 audiometry measurin
) 9
instruments

3,700

combustion gas
measuring instruments

1,800

measuring instruments
for ionising radiation

1,200

measuring instruments
for nanoparticles
in combustion engines

sound measuring
instruments

Tests by authorised
verification laboratories

999,400 electricity meters

and instrument
transformers

Certificates issued by METAS

18,728

Organisations

15 metrological laboratories

4

@3
3

AS

in the Electricity sector:

DC and Low Frequency @ |
Electrical Energy and Power @ |
High Frequency @ | Electromagnetic
Compatibility @

in the Length, Optics and Time sector:
Length, Nano- and Microtechnology @ @
Optics @ | Photonics, Time and Frequency @ @

in the Mechanical Quantities
and lonising Radiation sector:
Mass, Force, Pressure and Vibration ) © @

Flow and Hydrometry @ @ @ |
lonising Radiation @

in the Chemical and

Biological Metrology sector:

Gas Analysis @ Particles and Aerosols @ © @ |
Inorganic Analysis and References @ @ |
Organic Analysis and References @ @|
Biological Analysis and References (@) @

3 technical divisions

Verification and testing:
Traffic @I
Acoustics and Vibration @ | Audiometry @

Chemical tests and consultancy:
Analysis @ | Tests and Consultancy @

Measurement networks:
Quality and Maintenance @ |
Intervention and Installation @ | Software @

Finances

C

HF 57 m

revenue

56.7 %

CHF1.7 m

profit

Level of self-financing

Research and
development

EEEEEEEEEEEE
EEEEEEEEEEEE
EEEEEEEEEEEE
EEEEEEEEEEEE
EEEEE

53 scientific
publications

65 lectures
36,000 hours invested
in research

@ 6 patents pending
2023: 3 new patents

8 invention reports

Projects
43 ongoing
12 restarted
17 concluded

CMCs

394 measurement and
calibration options
recognised under
the CIPM-MRA

METAS 2023 | METAS in figures
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METAS
Campus
Liebefeld
@
%
/
Employees
18.2%
French
27%
Italian

i

=i

1%

German

METAS in

igures

Apprentices
\\ (] // e NN} - ‘ A
@ I X
-1 -y o<l
'l L l' = '
IT specialist Electronics Physics laboratory
technician technician

Computer scientist

134

Business management
internships for the commercial
employee apprenticeship

Mediamatics

Ry

0

Chemical laboratory

specialist technician

20

trainees
and BM interns
(over the course

Native languages:

Languages

Turkish | Vietnamese

Four Swiss national languages |
Albanian | Chinese | Dutch | English |
Greek | Serbian | Slovenian | Spanish |

working
part-time

METAS 2023 | METAS in figures
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university
interns
22.8%
77.2% women
707 %
meon working
34.5% part-time

of 2023)

1 doctoral student

258

employees




Research and development

CMO and CPO: two new
roles at METAS

The roles of Chief Metrology Officer (CMO) and Chief Partnership and Technology
Transfer Officer (CPO) are two brand-new positions that were created in 2023

and could be filled by competent individuals from within our very own ranks with

the appointment of Dr Peter Blattner and Dr Hugo Lehmann. But what exactly

do these jobs entail? We sat down with Dr Blattner and Dr Lehmann to ask them.

METAS: Peter Blattner, Chief Metrology Officer
(CMO), and Hugo Lehmann, Chief Partnership
and Technology Transfer Officer (CPO) - it has
now been a year since you became a duo and
embarked on your new roles in the Research
and Development division. How did you split your
various tasks and duties between one another?
Hugo Lehmann: The basic idea behind this new divi-
sion of tasks was to strengthen research support and
the possibility of intensifying new strategic partner-
ships and the transfer of technology.

Peter Blattner: In my role as CMO, | am responsible
for managing research and project portfolios and
upholding the national measurement basis. | also
represent METAS on various international metrology
committees, such as the European Partnership on
Metrology (EPM) and the Consultative Committee
for Units (CCU), which discusses the definition of
Sl units.

Hugo Lehmann: As CPO, | am tasked with developing
strategic partnerships and expanding research fund-
ing and the transfer of technology. This also com-
prises patent management (intellectual property,
IP), which helps ensure that METAS developments

10

and knowledge can be applied more effectively in
practice by industry and society. | also arrange
METAS seminars and conferences and address the
issue of scientific integrity.

What were the biggest challenges that you

faced in your first year in office?

Peter Blattner: The implementation of the 2023+
research and development programme was most
certainly the biggest challenge for me. This involved
translating its fields of action into tangible projects.
What’s more, Switzerland’s non-association with the
European research programme “Horizon Europe”
continued to pose a challenge. Thanks to funding
provided by the State Secretariat for Education,
Research and Innovation (SERI), we are, however,
still able to participate in this development pro-
gramme, which is so important for the evolution of
the field of metrology. Another challenging under-
taking was the optimisation of our internal processes
to allow us to manage our project portfolio efficiently.
More than sixty projects are currently under way at
METAS.

METAS 2023 | Research and development



Topics

Areas of action

Energy Health and life
and mobility sciences

Renewable Communicable

energies diseases and
pandemic

Energy storage preparedness

systems
Food safety and

Energy conversion 3
9y production

Automated
driving

Digital health

Overview of the research and development topics

Five topics with a total of 18 areas of action currently guide research and development at METAS.

Fundamentals
and new
technologies

Industry

Sl units Sensors and

connectivity

Quantum
technology Additive

manufacturing
Data science and

simulations \EICE]
properties

Information and

Environment,
climate
and natural
resources

Atmospheric

composition

Non-ionising
radiation

Circular
economy

Non-communicable
diseases and ageing
society

Hugo Lehmann: When | was first appointed to this
role, many people probably wondered what it is that |
actually do (he laughs). | was lucky enough to have
free rein when tasked with developing ideas and
strategies on partnerships and research funding
with the aim of getting a clear idea of the direction
in which METAS is heading.

What have been your personal highlights when

it comes to research specifically?

Peter Blattner: Our relative success in securing third-
party funding in the context of the EPM was great
for METAS. It shows that we are on the right track
and are dealing with the relevant topics. We were
also once again able to secure a collaboration with
Innosuisse to work on a series of new projects, such
as “Real Time Pollen Information”, in which METAS is
developing a new reference method for calculating
particles, and with the Swiss National Science Foun-
dation (SNSF) on projects such as “Spotlight”, which
is being implemented together with “Sinergia”, which
takes a highly interdisciplinary approach to address-
ing the topic of light pollution. The next step is to
successfully launch and implement these projects.

And for you, Hugo?

Hugo Lehmann: The highlight for me was definitely
the many interesting invention reports generated
by our various laboratories. We were, for example,
able to register three new patents. It is now a ques-
tion of exploring their potential, bringing the technol-
ogy to users and maintaining this positive momen-
tum in the area of IP. What excited me the most,
however, was the decision taken at the end of the
year to develop the hugely important and exciting
field of quantum metrology at METAS.

METAS 2023 | Research and development

communication
technology

You have already achieved a great deal, but do
you also have anything new in the pipeline?
Hugo Lehmann: Absolutely, and that is exactly what
is so exciting about our work! We are raring to go
and can count on the support of our colleagues at
METAS. | think that we are well-positioned to tackle
whatever lies in store for us in the Research and
Development division this coming year.

Peter Blattner: Absolutely! The many new research
projects we are working on will bring us new results
and methods, which will require us to join forces with
our own excellent team of researchers and, in some
cases, also consult external parties. And it goes
without saying that we will step up our work to pro-
mote exchange and dialogue within METAS.

Our research and development officers
Peter Blattner (left) and Hugo Lehmann
prefer to cut through red tape when it
comes to fleshing out half-finished ideas.
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Energy and mobility

Measurements

for the sustainable
future of mobility

In order to continue to reduce CO2 emissions, the mobility sector must also undergo

a process of innovation. This brings with it a host of new challenges, particularly from

a metrological perspective.

The mobility sector is evolving rapidly and integrat-
ing new and more sustainable drive types, such as
hydrogen (H2) and electric engines. Despite the ever
growing number of new Hz or e-charging stations,
the process of ensuring their reliability is still ongo-
ing. METAS is working on a comprehensive metro-
logical framework to monitor discharge volumes and
thus to strengthen the trust that the general public
has in these systems.

Hydrogen mobility: METAS is on the move

With the slow but steady expansion of the hydro-
gen fuelling infrastructure all around the world,
including in Switzerland, the use of these systems
by end consumers is also gaining ground to a similar
degree. On a global level, this has led to the need
to be able to transparently determine the discharge
volumes of hydrogen fuel pumps, particularly for
heavy-duty applications such as HGVs and trains.

In response to this need, METAS developed the new
mobile HFTS 2 (Hydrogen Field Test Standard II)
measuring system. This system which, similarly to
its predecessor project HFTS 1 (description: see QR
code), is also based on the gravimetric mass deter-
mination method (by weighing), does however offer
a series of benefits and opens up new fields of ap-
plication.
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The measuring system and
data collection electronics are
housed in a 3.2-tonne trailer.

All standards and regulations concerning explosions
(ATEX), occupational health and safety (SUVA) and
transport safety (ADR) have been respected, imple-
mented and officially recognised, ensuring that the
measuring system can be transported and used on
roads throughout the EU without hesitation.

HFTS 2 has also been available for use as part of
commercial measurement jobs since the end of
2023. The various enquiries and requests in this
regard recorded in western EU countries confirm
the need for a service of this kind and continue to
position METAS at the cutting edge in this sub-area.

METAS 2023 | Energy and mobility

METAS Annual
Report 2022, p. 13:
“Measuring for
future mobility:
verifying hydrogen
fuelling stations”.



HFTS 2: cost-effective
but still precise

The measuring system itself and the tech-
nology required for the collection of data are
housed in a converted and air-conditioned
freezer trailer. Hydraulically actuated adjusta-
ble feet allow for quick installation at the cus-
tomer’s premises and ensure that the system
is stable, which is essential for the operation
of the three precision scales.

With a tank volume of 6x104 litres, at a maxi-
mum fuelling target pressure of approximately
700 bar, around 24 kg hydrogen gas can be
captured with a measurement uncertainty of
<10 g. This corresponds to roughly half the
fuelling volume of a hydrogen-powered HGV.

Metrology law for electromobility:

promoting trust and efficiency

Electric cars have become commonplace on our
roads. The availability of public charging stations is
one of the key success factors in the proliferation of
electric cars. METAS has been monitoring trends in
this field since 2013 and has since established itself
as a prominent name in this sector on the interna-
tional stage.

It must be gauged whether the public interest in
leaving the market plenty of freedom to test differ-
ent technical solutions outweighs the public inter-
est in metrological regulation to protect the fairness
of trade and business transactions and to protect
consumers. As part of this assessment, measure-
ments were taken to determine whether major irreg-
ularities would require rapid intervention.

With regard to precision requirements, Switzerland
can choose between the requirements of the Meas-
uring Instruments Directive 2014/32/EU and no re-
quirements. In Switzerland, no requirements pertain-
ing to energy measurements at charging stations
like those used at traditional petrol stations are cur-
rently enforced. Now that the technology has been
established, electric cars are widely used and suita-
ble testing equipment has become commercially
available, the time has come for regulations to be
introduced. Proportionate transitional provisions are,
of course, also needed here.

METAS 2023 | Energy and mobility
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Electricity grid

Electric charging station

Frequency converter (AC - DC), controls, etc.

(metrologically irrelevant)

Measuring instrument:
electricity meter

Conformity assessment:

reverification or statistical
test procedure

Switches, contacts,

controls, cables, etc.

(between measuring instruments
and transfer to consumers)

Review: control of utilisation

E-vehicle

The electric charging station is the link between the electricity
grid and an e-vehicle. The suitability of the measuring instrument
for the concrete application and its correct use can only be tested
under real conditions.
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Health and life sciences

Measuring for health:
focus on people

METAS has been providing precise and legally compliant measurements to protect

people and the environment through its physics, chemistry and biology laboratories

for many years now. We stepped up our commitment to health and life sciences

in 2023 with the integration of a host of reference laboratories.

The research and development work undertaken at
METAS ensures that measurements are sustainable
and accurate. We conduct research and develop-
ment both on communicable diseases and in prepa-
ration for future pandemics and on non-communi-
cable diseases as well as “digital” issues relating to
health. METAS also places a particular focus on its
work in the area of food safety.

There are two great examples that illustrate our
applied research and development: firstly, is it truly
possible to hear whether an injection has been
administered successfully? This is a physical and
metrological question that we can answer using
acoustic equipment in our anechoic chamber. Sec-
ondly, is it possible to detect the “number” of patho-
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gens on uncooked, consumed food? METAS’ biologi-
cal analytical methods and tools provide quantitative
answers here. These are just two examples of how
metrology supports the protection of the Swiss
people.

Reliable self-medication:

acoustic testing of autoinjectors

Autoinjectors are medical devices that automatically
inject a defined dose of a liquid medication under
the skin. Thanks to their ease of use, they are par-
ticularly suitable for self-treatment. In order to keep
the user informed about the course of the injection
they are administering, autoinjectors provide acous-
tic feedback in the form of two clicks.

METAS 2023 | Health and life sciences
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From contaminated food (1), vibrio DNA is extracted (2) and, together with METAS DNA
reference standards (3), this is then sequenced (4) to precisely quantify it (5).

Autoinjector

(white plastic pen
with yellow tip)
secured in a release
mechanism in front
of the measuring
microphone in the
anechoic chamber
of our acoustics
laboratory.

Medical technology companies and their customers
in the pharmaceutical industry are increasingly inter-
ested in determining the volume of this clicking
sound in an effort to ensure that it can still be per-
ceived reliably in noisier environments.

So as not to disturb the propagation of sound, the
anechoic chamber of the acoustics laboratory at
METAS is used for the sound measurement. The
highly sound-absorbent walls and mechanical decou-
pling of the room from the outside make it possible
to take unbiased measurements without reflections
or interference.

The clicking sounds are recorded using a measuring
microphone and measured using a sound analyser
set to the maximum sound pressure level. The dura-
tion of the release, which can be affected by a vari-
ety of factors, including the diameter of the needle
and the quantity of the medication, can also be de-
termined. To do this, real medications are used in
addition to standard solutions. In order to take
account of the possibility of production lot varia-
tions, a larger quantity of autoinjectors is usually
used. They are triggered manually or by means of

atechnical release mechanism.

Detection of vibrios on food through

quantitative sequencing

Climate change favours the multiplication of water-
borne vibrios, a genus of salt-tolerant bacteria,
which includes a dozen human pathogenic species.
Vibrios are transmitted to humans through the con-
sumption of both contaminated raw seafood and
fish and contaminated drinking water. Infection with
this species of bacteria can result in life-threatening
sepsis in the worst case.

Vibrios are generally detected and typed qualita-
tively by enrichment. This is not just time- and labour-
intensive, but also harbours the risk of excessive
enrichment of only certain species and strains. As
part of a prevalence and risk analysis, METAS joined
forces with the (former) biological laboratories of
the Federal Food Safety and Veterinary Office
(FSVO) to develop an unbiased and quantitative
method, which is traceable to the International Sys-
tem of Units (SI). This was made possible by inte-
grating the Sl-traceable reference method (digital
PCR) into an optimised, quantitative high-through-
put sequencing process. For this purpose, six vibrio-
specific DNA reference standards were developed
at METAS, which allow the quantification of previ-
ously unknown amounts of vibrio DNA in food sam-
ples; this was done in combination with an in-depth
characterisation of the individual vibrio species and
strains.

[w]3cZ[m] Vibrio-Sequins - dPCR-traceable DNA
standards for quantitative genomics of
Vibrio spp.

i
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Fundamentals and new technologies

Peatlands and earthquakes ¥

Metaphorically speaking, fundamental research is the ground in which METAS’

scientific statements are rooted. In peatlands and during earthquakes, however,

this ground no longer provides a stable foundation. We have implemented

two projects in the field of fundamentals that have allowed us to make reliable

statements on these unstable areas.

Fundamental research often has a largely impercep-
tible bearing on practical problems. This makes it all
the more exciting when artificial intelligence can be
used to protect peatlands from peat extraction or
measure earthquakes using frequency transmission
technologies.

Although the project to protect peatlands is assigned
to the topic of “Environment, climate and natural
resources”, it was only made possible in the form
shown here through cooperation with projects for
artificial intelligence in the topic of this double-page
spread. Collaboration was also key to the success
of our earthquake measurement project, which we
implemented in partnership with ETH Zurich.

Development of a method for detecting

peat in plant soil

Each year, more than 500,000 m® peat is imported
into Switzerland for crop production.t Over the next
few years, there are plans to more accurately docu-
ment and reduce the import of this climate-damag-
ing product. That is why, here at METAS, we have
been commissioned by the Federal Office for the
Environment (FOEN) to develop a method for detect-
ing peat in plant soil.

1 Urech, M. (2016). Data Survey on Peat Import and Peat Use in
Switzerland 2014.
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To do this, we are working with shell amoebae, a
type of microorganism that forms hard shells, which
remain preserved in soil for several thousand years.
These amoebae can be identified under the micro-
scope based on the shape of their shells. In order to
detect peat, we comb plant soil to look for those
species of shell amoeba that only occur naturally in
peat soil.

As the identification of shell amoeba species is very
complex, we are working on training an image rec-
ognition algorithm based on deep neural networks,
which is designed to automatically detect shell amoe-
bae by analysing microscopy images. The data set
with annotated microscopy images used for training
the model has delivered very promising initial results
with a low error rate. The model is currently being
tested with an independent evaluation data set.

The automated detection of peat-specific species
of shell amoeba should make it possible in future to
use simple microscopy to determine whether or not
plant soil contains peat.

METAS 2023 | Fundamentals and new technologies
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Automatically detected shell amoeba.
The microscopy images for this project
were taken at the Laboratory of Soil Bio-
diversity at the University of Neuchatel
(including the title image on the other
page of this double-page spread).

What does peat extraction have
to do with the environment?

Peat is formed as a result of the accumulation of
plant residues (organic matter) in peatlands. In the
low-oxygen peat soil, these plant residues struggle
to decompose, or only do so very slowly. Peat soil is
therefore considered a carbon sink of global impor-
tance. Peat extraction releases the stored carbon in
the form of COz2 and thus contributes to global warm-
ing. It is estimated that the destruction of peatlands
is responsible for approximately 5% of global green-
house gas emissions.

Optical frequency distribution

in the field of seismology

The precise detection of earthquakes requires large-
scale geographical coverage by seismic sensors.
This is costly and can be difficult to implement
depending on environmental characteristics. A col-
laboration between the METAS Photonics, Time
and Frequency Laboratory and the Seismology and
Wave Physics Group at ETH Zurich has now demon-
strated how fibre-optic networks for ultra-precise
frequency dissemination commonly used in metrol-
ogy can also be used as seismic sensors.

The optical frequency signals transmitted in the
fibre are kept free from interference by means of
active noise suppression, which measures and cor-
rects interference from the fibre-optic environment.
As a “side effect” of this measure, the correction
signal now contains all the interference to which the
optical fibre is exposed. An example of this is the
waves of the magnitude 3.9 earthquake in Mulhouse
(France) on 10 September 2022. This was detected
on a 123 km stretch of optical fibre between METAS
in Wabern and the University of Basel. Researchers
at ETH Zurich have now managed to model the sig-
nal of this quake measured in the optical fibre with
extremely high consistency and thus validate the
fibre-optic network as a seismic sensor. The results
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of this collaboration have been published in the
scientific journal “Scientific Reports” and promise
to deliver new perspectives on the use of optical
fibre-optic networks in the field of seismology.

Route of the fibre-optic connection between METAS
in Wabern and the University of Basel as well as the
approximate epicentre of the earthquake in Mulhouse

(France).

-200 4 Earthquake

Correction frequency (Hz)
=

15:58 ' ' ' " 1559
UTC time on 10 September 2022

Signal of the earthquake, detected along the fibre-optic connec-
tion. Depending on the distance to the epicentre, the first waves
are transmitted to the optical fibre a few seconds later.
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Industry

Measuring instruments
for all size requirements

METAS uses all manner of measuring instruments as part of its activities. In order to

meet the needs of our customers, we have developed a host of measurement options

for the most varied orders of magnitude: from on-wafer inspection in the micrometre

range through to luminaire tests in a hollow sphere several metres in diameter.

METAS adopts a variety of technologies and has
developed the measurement infrastructure required
to support these. In order to analyse the integrated
circuits, which are so omnipresent in today’s world,
METAS takes precision measurements with its spe-
cially developed measuring tip, which is smaller than
ten micrometres. In contrast to this, we also operate
very large measuring stations, where our main con-
cern is not precision, but being able to determine
measurands efficiently. In order to be able to deter-
mine the energy efficiency of residential luminaires,
among other things, we have brought one of Europe’s
largest integrating spheres up to the latest state
of the art. These are just a few examples of how
METAS meets the measurement needs of all manner
of industries.

On-wafer prober

Many aspects of our everyday life require integrated
circuits (ICs). Mobile phones, computers and cars,
for example, simply would not work without these
components, which are so extremely complex to pro-
duce. In order to ensure the quality of such integrated
circuits, they must be measured both during and
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after production. This measurement is, however,
becoming increasingly difficult, as operating fre-
quencies and precision requirements are rising.

This is where the “FutureCom” project comes in. The
project aims to produce an on-wafer prober (tip
for testing integrated circuits [ICs] directly on the
wafer), which has as little signal crosstalk as possi-
ble and is scalable for very small contacts.

These requirements are an indirect consequence
of new, very resource-hungry applications, such as
machine learning and artificial intelligence. New
processors and components for such applications
contain a large number of transistors. In order to
increase the yield during production, these proces-
sors are manufactured from individual subcompo-
nents that operate at a high frequency and whose
contacts have a very small grid. In order to test
these subcomponents, METAS has developed a
prober that is manufactured as part of a multi-step
process.

METAS 2023 | Industry



Plan view of the processed end of the on-wafer prober. The
contact surfaces for contacting the integrated circuits can

The starting point for the production of the on-wafer
be seen at the top. prober. Tapered end of a glass tube with metal wire
running through the centre.

Characterisation of residential luminaires

Energy-efficient products are becoming increas- When measuring light, spectral values (irradiance,
ingly important in our day-to-day lives and make a colour temperature), electrical parameters (power
significant contribution to reducing our energy con- consumption, power factor), photometric values
sumption. On the website www.topten.ch, residen- (luminous flux) and flicker parameters are deter-
tial luminaires are listed alongside various other mined. All these values are measured both when
energy-efficient products. This list does not, however, the light is turned on at full power and at various
compare parameters listed in data sheets, but rather dimming levels. Our measuring station allows us to
is based on real measurements. In order to be able quickly measure luminaires of every type and de-
to compare luminaires, for example, reliable values sign with little effort. The workflow, from inputting
of various photometric and electrical parameters the product description (model, brand, luminaire
are required. type) and performing the measurement sequence

through to evaluating the measurement results and
For this purpose, METAS was commissioned by preparing the test report, was optimised for this
Topten to measure a variety of residential luminaires. specific measurement need using software. The ini-
To do this, we completely renovated our four-metre- tial measurement results have now been published
wide integrating sphere, which was built in 1965, and and feature the METAS logo.

equipped it with state-of-the-art measuring instru-
ments.

4 m integrating sphere

spectro-
radiometer/
photometer

fish eye camera

flickermeter

main door
baffle

Hellwig lamp
luminaire

holder/
luminaire

removable power

walkway analyser
Illustration of the four-metre-wide integrating sphere with labelling Test luminaire installed in the four-metre-wide inte-
of the individual components and measuring instruments. grating sphere. The aperture in front of the photometer

measuring head can be seen in the background and
the auxiliary lamp on the right.
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Environment, climate and natural resources .

Measuring for

environmental protection

The services provided and research activities undertaken at METAS also ensure

correct and legally compliant measurements in the field of environmental protection.

The protection of people and their natural environ-
ment against damage or nuisance is established in
the Federal Constitution (Cst. Art. 74 Protection of
the environment). Measurement data provides the
necessary basis for decisions and actions in this
regard. The examples outlined below show how
METAS laboratories ensure that their measurements
are correct by supplying reference gases and verify-
ing measuring instruments.

Quantifying air pollutants

Volatile organic compounds (VOCs) have a signifi-

cant impact on air quality and our climate. That is
why it is important to be able to accurately measure
these substances in the atmosphere over the long
term. This can, however, be challenging, as VOCs
only occur in the atmosphere in very small quanti-
ties, are often extremely reactive and usually lack
Sl-traceable references.

In order to improve the quality of these VOC meas-
urements, the EMPIR project “Metrology for Climate
Relevant Volatile Organic Compounds” (“MetClim-
VOC”) was launched in 2020 with a total of thirteen
partners from the fields of metrology and atmos-
pheric research under the guidance of METAS.

This precision gas diluter (Versatile

Reactive Gas Diluter, VeRDi) was developed
by METAS as part of the “MetClimVOC” project
specifically for the dilution of reactive VOCs.
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is now able to offer reference gas mixtures for ten halogenated VOCs.

During the three-year project period, highly accurate,
Sl-traceable references were formulated, measuring
instruments were improved and software to easily
determine the measurement uncertainty of VOC
measurements in the field was developed. An impor-
tant part of the project was also the transfer of the
newly acquired knowledge for use at the measuring
stations. Recommendations for measurements were
written and presented to the relevant committees.
METAS also organised a workshop as part of a sym-
posium and was thus able to pass on the knowledge
gained to research and industry experts.

New verification laboratory for particle counters /
nanoparticle measuring instruments

The particle count measurement for vehicles and
machines with road approval was introduced in
Switzerland on 1 January 2023. Defective particu-
late filters can be detected quickly and reliably as
part of the exhaust emission checks carried out on
diesel vehicles by the regulatory authorities and the
police. Studies have shown that a functioning die-

sel particulate filter can reduce the concentration
of soot particles emitted by up to 99% and thus
improve air quality.

Eight types of particle count measuring instruments
(also known as nanoparticle measuring instruments)
have been approved in Switzerland to date. In order
to ensure that measurement stability is maintained,
these instruments must be serviced at the manu-
facturer at least once per year and then verified at
METAS. That is why, in 2022, our Laboratory for Par-
ticles and Aerosols established a new verification
laboratory at which up to sixty particle count meas-
uring instruments can be verified each week. Since
the end of 2022, METAS has performed more than
1,200 verifications (as at: 8 January 2024).

METAS also works in partnership with the Joint Re-
search Centre of the European Union (EU-JRC) to
conduct research studies on the periodic technical
exhaust emission maintenance of vehicles.

Article “Effects of
the test aerosol

on the performance
of periodic technical
inspection particle
counters”.

METAS’ new verification laboratory for nanoparticle measuring instruments.

METAS 20283 | Environment, climate and natural resources 21



International cooperation

Commitment

to international

organisations

METAS enjoys excellent links to international organisations and

participates actively in their important committees. We are generally

valued as a competent and reliable partner.

Cooperation is essential in the field of metrology.
Only such cooperation made it possible to replace
the multitude of coexisting regional units of meas-
urement and unit systems with the International
System of Units (SI) now valid worldwide. Interna-
tionally harmonised requirements for measuring
instruments and measuring methods make trade in
measuring instruments possible in the first place.
Accordingly, international cooperation is of particu-
lar importance to METAS, Switzerland’s national
metrology institute.

International cooperation principally takes place
within the framework of the European Association
of National Metrology Institutes (EURAMET). The
European Cooperation in Legal Metrology (WELMEC)
also plays a key role.

CIML: the current President is from METAS
METAS also represents Switzerland in the Interna-
tional Organization of Legal Metrology (OIML).
The OIML strives to harmonise legal metrology in
the interests of global trade and consumer protec-
tion. The organisation makes its decisions annually
within the framework of the International Commit-
tee of Legal Metrology (CIML). At its 57th meeting
in October 2022, Dr Bobjoseph Mathew, Deputy
Director (until 31 December 2023) and Head of
the Department of Legal Metrology at METAS, was
elected as the tenth (and first Swiss) CIML Presi-
dent. He took office at the 58th CIML meeting on
17 October 2023 for a term of six years.
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Further representations of METAS specialists

in committees and institutions

CIE: Dr Peter Blattner, Chief Metrology Officer at
METAS, stepped down as CIE President on 20 Sep-
tember 2023 after four years in office in line with
formal procedure. He will continue to support the
Executive Board for a further two years in his capac-
ity as Past President.

His summary of his time in office: “It was a privilege
to be the first Swiss person to preside over the inter-
nationally renowned CIE. My four years there were
exciting and challenging, particularly on account of
the COVID-19 pandemic, various geopolitical events
and the trend favouring a departure from multilat-
eralism. Despite all this, however, we managed to
achieve a great deal:

- Change in the governance structure, which
includes promoting the Secretary General and
appointing a new person to this role.

- Membership with the International Science Coun-
cil (ISC: union of all major global scientific unions).

- Signing of the Joint Statement of Digital Trans-
formation in the International Scientific and Qual-
ity Infrastructure.

— Development of the first digital products pub-
lished under the FAIR (Findable, Accessible, Inter-
operable, Reusable) principle.

— Record number of publications and international
standards.

- New research strategy that lists current key
research questions.”
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Some of the international organisations and associations

BIPM

International Bureau
of Weights

and Measures
>bipm.org

CEN/CENELEC
European Committee
for Electrotechnical
Standardization

EMETAS

European Metrological
Type Approvals
Service

>emetas.net

EURACHEM

A Focus for Analytical
Chemistry in Europe
>eurachem.org

IEC
International
Electrotechnical
Commission
>iec.ch

IMEKO
International
Measurement
Confederation

NoBoMet
Notified Bodies
in Metrology
»nobomet.org

OIML
International
Organization of
Legal Metrology
>oiml.org

>cencenelec.eu

EURAMET
CIE European Association
International of National Metrology
Commission Institutes
on lllumination >euramet.org
>cie.co.at

CIM

International
Metrology Congress
>cim-metrology.org

CIPM (BIPM): Dr Philippe Richard, Director of
METAS, has been Vice-President of the CIPM since
March 2023. Dr Oscar De Feo, Chief Data Science at
METAS, has been a delegate to the new Forum on
Metrology and Digitalization since November 2023
(see box).

EURAMET: Dr Hanspeter Andres, Head of the
Chemistry and Biology Department at METAS, was
elected to the Board of Directors at the EURAMET
General Assembly on 30 May 2023.

IMEKO and CIM: Dr Hugo Lehmann, Chief Partner-
ship and Technology Transfer Officer at METAS, has
been the Swiss delegate to IMEKO since September
2023 and became a member of the CIM2023 Organ-
ising Committee in March 2023.

European metrology networks

European metrology networks implement the
vision of the world-leading metrology capacity
of EURAMET and its members. Together they
meet the rapidly progressing needs of end
users with high-quality scientific research
and an efficient and integrated infrastructure.
This cooperation is crucial for METAS and
Switzerland, which is why we participate
actively in seven out of a current total of
twelve metrology networks. In 2023, METAS
joined the existing “Energy Gases” network.
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>imeko.org

WELMEC
1ISO European Cooperation
International in Legal Metrology
Organization for >welmec.org
Standardization
>iso.org

SAS: Dr Fabiano Assi, Head of the Physics Depart-
ment at METAS, was appointed to the Federal
Accreditation Commission (AKKO) of the Swiss
Accreditation Service (SAS) in December 2023.
The mandate then started on 1 January 2024.

New CIPM Forum on Metrology
and Digitalization

METAS, represented by Dr Oscar De Feo,

is one of only eleven international members
of the newly established Forum on Metrol-
ogy and Digitalization (Forum-MD) of the
International Committee for Weights and
Measures (CIPM). The Forum-MD performs
the following tasks:

- Advising the CIPM on the Sl Digital Frame-
work and the far-reaching impacts of the
global digital transformation on measure-
ment technology and the international
quality infrastructure (QI).

- Harmonising internal processes in relation
to the digitalisation between NMls, CCs,
RMOs and the BIPM Headquarters.

- Serving as a forum for the exchange of
information and creating synergies and
opportunities for cooperation in this field.
This also includes cooperation with inter-
national QI organisations, relevant interna-
tional organisations, international scientific
organisations, relevant industry associa-
tions and other relevant interest groups
in the field of digitalisation.
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Social and environmental responsibility

Forward-looking investments

In infrastructure and the workforce

In order to fulfil its social and environmental responsibility, METAS adopts targeted

measures to support its employees in their professional development and invests

in buildings and CO2 reduction.

METAS has evolved into the largest laboratory of the
Federal Administration. A series of further invest-
ments are in the pipeline. In the medium term, we
aim to ensure that our building operations are CO2-
free. In 2023, six trainees successfully completed
their apprenticeship at METAS under the guidance
of their practical instructors. And our management
team also invested in the further development of
their leadership skills in the reporting year.

Federal technology campus
With a view to implementing the Federal Govern-

ment’s laboratory strategy, over the past twelve
years, METAS has integrated various laboratories
operated by the Federal Administration into its
operations, and we were able to use our laboratory
infrastructure to its full capacity. This measure has
allowed us to evolve into the largest laboratory of

the Federal Administration and we are keen to con-
tinue to consolidate this position. We joined forces
with the Federal Office for Buildings and Logistics
(FOBL) to draw up a so-called “METAS Masterplan”,
which further optimises the use of space at Linden-
weg 50 in Wabern, taking into account future invest-
ment requirements. This study has shown that our
current site has the potential to offer 55% more
usable space compared to the current situation.

In an initial step, there are plans to construct a new
laboratory building at our main site to house our
laboratories that are currently based at the Campus
Liebefeld. There is also the possibility of relo-
cating further technical federal buildings of other
federal offices or continuing to expand on the spa-
tial reach of METAS’ operations.
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“Switching between departments allows me to master
new challenges and continue to develop.” Sarah Walther,
fourth-year apprentice completing a Federal Vocational
Diploma as a physics laboratory technician.

m

Investment in young talents secures

the future of tomorrow

In 2023, all six of our trainees successfully com-
pleted their apprenticeship. Seven per cent of our
workforce is made up of trainees in six different pro-
fessional fields. This demonstrates our commitment
to promoting young talents. Our vocational training
programmes are shaped by the engagement of eight
practical instructors, who play a key role in imparting
specialist knowledge and developing social skills.
Their input not only helps to promote trainees on
a technical level, but also to support them in their
personal development.

We firmly believe that investment in the training and
development of young people is not just our duty to
society, but also a strategic decision for the future of
METAS. By promoting the next generation, we are
putting measures in place to ensure that we remain
dynamic and innovative; characteristics that are
vitally important in our ever-evolving world.

Monitoring energy consumption on all fronts

In order to fulfil its environmental responsibility,
METAS has submitted an application to the Federal
Office for Buildings and Logistics (FOBL) which, in
addition to the necessary expansion measures, is
also intended to ensure the modernisation of our
building technology and make our building opera-

METAS electric car fleet in 2023.
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tions CO2-free. Various technical measures allowed
us to slightly reduce our energy consumption with
regard to heating, cooling and electricity in 2023.

In an effort to reduce the CO2 emissions produced
as a result of car journeys taken for business pur-
poses, METAS has been using five electric cars
since the beginning of 2023, and an additional car
is set to be added to the fleet in 2024. Two more
of a current total of four e-bikes were also put into
operation in 2023.

METAS also remains committed to keeping emis-
sions resulting from air travel as low as possible.
Although this has picked up again as we recover
from the COVID-19 pandemic, it is still below the
previous year’s figures due to smaller delegations
and increased remote participation.

Leadership development at METAS

Our HR and Organisational Development Department
is tasked with coaching METAS managers and sup-
porting them in developing their leadership skills.

In a constructive briefing, the manager
meets his employees at eye level.

For this purpose, it provided training on leadership
techniques during a series of management confer-
ences held in 2022 and 2023. These techniques
included coaching, solution focus, feedback, posi-
tive error management and effective leadership
behaviour (“4i leadership”: identification, inspiration,
intellectual/mental stimulation, individual attention).
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On behalf of the Federal Government

Reliable measurements
of an official nature

METAS provides a host of measurement services, from sampling and

maintenance through to laboratory and on-site testing and complex analyses.

It performs all of these activities on behalf of the Federal Government.

Various federal offices of the central administration
require ultra-reliable measurement services. METAS
provides these services to support a range of causes,
including to benefit measurement networks used
for monitoring purposes, road safety and public
health. The high level of trust in these activities
allows administrators and politicians to adopt strin-
gent measures that are not only extremely effective,
but also enjoy impressive acceptance.

Measuring vehicle for dynamic tunnel measurements
in use: featuring a luxmeter on the front measuring
beam, luminance measuring camera behind the wind-
screen and sensors on the roof.
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Screening measurements of tunnel lighting

for energy-saving measures

To guarantee the safety of road users travelling
through road tunnels, they must be adequately lit in
accordance with defined minimum requirements. In
reality, the lighting situation can vary greatly depend-
ing on the age and condition of the tunnel and the
type of lights installed. Some tunnels are even more
heavily illuminated than necessary.

Due to the impending power shortage and the fact
that lighting is responsible for a large proportion of
the energy consumption associated with the ongo-
ing operation of a tunnel, there was a need to check
tunnels in the short term for energy-saving potential
in order to be able to optimise lighting control.

METAS provides simplified night-time screening
measurements under traffic conditions, which allows
a large number of tunnels to be measured in a short
time. Depending on customer requirements, up to
30 tunnels could be measured per night.

Maintaining Switzerland’s

hydrological measurement network

METAS maintains Switzerland’s hydrological meas-
urement network on behalf of the Federal Office for
the Environment (FOEN). This consists of 249 sta-
tions for surface water and 69 stations for ground-
water. Depending on the station, various quantitative
(water level, discharge, flow velocity) and qualita-
tive (chemical/physical: pH value, oxygen content,
conductivity, temperature) parameters are recorded.

METAS 2023 | On behalf of the Federal Government



NAQUA sampling, probe
maintenance and compa-
rative measurements in
Gren-Obersaxen, Grisons.

At 16 locations, additional water samples are taken
from the surface water using automatic control sys-
tems, and the probes for determining the qualitative
parameters are maintained and calibrated on site
every month. Groundwater samples are taken quar-
terly at all stations, the probes are maintained and
comparative measurements are taken.

All stations are monitored remotely by METAS in
real time, and METAS specialists carry out installa-
tions and troubleshooting on site.

Smart reference mixtures for breath

alcohol testing

The testing of breath alcohol measuring devices
requires precise and representative reference gas
mixtures. However, this does not just mean opening
a gas cylinder and setting a sufficient flow. The ver-
ification of breath alcohol measuring devices used
by the emergency services requires mixtures that cor-
respond to the human breath. This includes fluctua-
tions in flow and ethanol concentrations associated
with the simultaneous presence of carbon dioxide
and moisture as well as a stable plateau concentra-
tion. To take account of these variables, METAS has
developed a patent-pending “smart” generator that

fulfils all these requirements.

Design drawing of the
“Smart Generator” for
the dynamic production
of highly precise and
representative breath
alcohol mixtures.
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By regulating the various gas flows, using a sophis-
ticated mixing nozzle and engaging in careful ther-
mostatic control, every artificial “breath” can be
customised. Internal sensors simultaneously meas-
ure the mixture produced with regard to the differ-
ent gas components. This allows the measuring de-
vices to be tested in a reliable, efficient and highly
accurate manner at different concentrations and
for mouth alcohol detection.

Our role in national

FSVO biomonitoring studies

How are Swiss people doing? What do they eat and
what effect does their diet have on their health? To
provide answers to these questions, the Federal
Food Safety and Veterinary Office (FSVO) launched
a series of large-scale biomonitoring studies. The
“menuCH Kids” and “Salt study” studies, which are
currently under way, are being conducted in collab-
oration with Unisanté and various hospitals. The aim
of these studies is to determine the ingredients in-
gested through food on the basis of the subjects’
dietary information and subsequent analyses of their
blood and/or urine samples.

Biomonitoring studies generate hundreds of
samples - a lot of work for the autosampler.

METAS supports these studies by determining differ-
ent organic contaminants, e.g. various phthalates,
per-and polyfluorinated compounds (PFAS), bisphe-
nols or ochratoxins. Toxic elements (arsenic, lead,
cadmium, mercury) and essential trace elements
(selenium, iodine, zinc, copper) are also determined
by METAS. The data collected in this way can be
used to define measures to reduce the population’s
exposure to these substances.
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Metrology on the market

Power supply
and metrology:
a long history

of great relevance

Over time, METAS’ mandate in the field of legal metrology for the electricity
industry has expanded to include many technological competences and
metrological services. These contributions are intensifying in the context
of the energy transition and digital transformation.

Past: electrical meter readings

On 9 December 1916, the Federal Government regu-
lated the use of electricity meters by issuing an or-
dinance on the official monitoring and labelling of
electricity meters by the then Eidgendssisches Amt
fiir Mass und Gewicht (since 2013: Federal Institute
of Metrology METAS). When electromechanical elec-
tricity meters were introduced to the market, regular
checks had to be carried out to ensure general con-
fidence in the billing of electricity consumption.

Today, more than six million meters in Switzerland
are monitored by legal metrology, with a growing
proportion of smart meters being deployed as part
of the Federal Government’s Energy Strategy 2050.
As an loT (Internet of Things) network, these smart
meters are an integral part of the digital transforma-
tion, as they can provide energy suppliers with meas-
ured values on request.

Until recently, electrical energy meters were almost
exclusively focussed on measuring alternating cur-
rentat 230 V and a frequency of 50 Hz. Today, METAS
is able to certify direct current meters — especially
for charging stations for electric vehicles — and dig-
ital meters that are connected to the measurement
sensors for current and voltage via a communica-
tion bus. Digital instrumentation is gradually replac-
ing analogue, both in transmission and distribution
networks and in substations.

From top to bottom: electromechanical Ferraris meter,
digital meter, digital measuring and display interfaces,
direct current meter for car charging station.
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Future: stabilising networks

Smart meters are the fundamental building blocks
of intelligent networks that use information technol-
ogy to adjust the flow of electricity between suppliers
and consumers in real time. Compared to traditional
power plants, however, renewable energy sources
are considered volatile or fluctuating, meaning that
the flow of electricity in a given network can fre-
quently change direction. This was not envisaged in
the traditional electricity flow diagram - electricity
flows from the power station to the consumer.

With the ongoing introduction of new electronic
devices and the gradual transition from non-renew-
able, non-electrical energy to renewable electrical
energy (e.g. heat pumps, electric vehicles), electric-
ity consumption is steadily rising. The associated
increased load on the grid also increases the risk
to operational reliability. Intelligent networks are
designed to reduce these outage risks through im-
proved monitoring and control, better management
of storage options and the fine-tuning of renewable
energy sources.

METAS has the infrastructure to calibrate phasor
measurement units (PMUs), which are playing an
increasingly important role in network monitoring.
These units, which are synchronised via GNSS satel-
lite positioning systems, measure current, voltage
and frequency fifty times per second at various nodes
in the transmission grid. Based on these measure-
ments, the status of the network can be precisely
determined by frequency variations, the occurrence
of oscillations, faults or localised overheating.

Phasor measurement unit (PMU).
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Measurement of electrical signal quality
with a power quality analyser.

Present: quality requirements

Since the beginning of electrification, it has been
known that the power supply cannot circumvent
certain quality requirements. The introduction of
power electronics and inverters, which goes hand in
hand with the increasing use of renewable energy
sources, has led to an increase in the loads and
non-linear sources associated with the distribution
networks. This causes the 50 Hz sinusoidal wave-
form to distort and, along with a variety of other dis-
turbances, can pose a risk to the reliable operation
of the networks and a challenge to the devices con-
nected to them. That is why power quality is some-
times referred to as the set of limits imposed on
electrical characteristics to ensure that electrical
systems work as intended without significant loss
of performance or power outage. Monitoring power
quality helps to prevent outages and losses and to
analyse problems retrospectively.

The requirements for the instruments for measuring
network quality and their measurement methods are
defined in technical standards, which also stipulate
functional assessments of these instruments. METAS
has developed the infrastructure and procedures
to check the conformity of these measuring instru-
ments with the standards and to calibrate them.
Manufacturers of measuring instruments and con-
sumers can thus obtain a certificate for their meas-
uring instruments that confirms conformity with the
normative requirements and guarantees the trace-
ability of the measured quantities to the national
standards.
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Finances

METAS closed the 2023 financial year with a profit of CHF 1.7 million.

Expenses amounted to CHF 55.3 million and revenues (including payments)

totalled CHF 57.0 million.

Balance sheet

Cash and cash equivalents

Trade receivables

Receivables from research projects
Other receivables

Inventories

Prepaid expenses and accrued income
Current assets

Property, plant and equipment
Intangible assets

Non-current assets

Total assets

Trade payables

Liabilities to research projects
Other liabilities

Accrued expenses and deferred income
Short-term loans

Current provisions

Short-term liabilities

Long-term loans

Provision for pension fund liabilities
Provisions for loyalty bonuses
Long-term liabilities

Accumulated loss

Accumulated actuarial losses/gains
Reserves for non-current assets
Profit

Equity

Total liabilities
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31.12.2023

in CHF 1,000
27,355
4,137
2,557
193

44
1,361
35,646
22,039
3,609
25,648
61,294
1,176
2,365
1,046
1,282
366
1,559
7,794
1,098
18,984
1,524
21,606
-7,209
33,955
3,413
1,735
31,894

61,294

31.12.2022

in CHF 1,000
28,136
3,897
2,130
257
49
1,800
36,269
19,445
3,259
22,704
58,973
807
2,197
939

2,081

1,333

7,357

9,293
1,463
10,756
-8,380
44,656
3,413
1,171
40,860

58,973
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Profit and loss account 2023 2022
11.2023-31.12.2023  1.1.2022-31.12.2022
in CHF 1,000 in CHF 1,000
Fees 9,241 8,983
Payments from the Federal Government 25,681 24,517
Federal Government payment with directly attributable return 8,921 6,523
service
Revenue from external funding (excluding research) 10,689 10,502
External funding for research 1,753 1,882
Other revenue 134 135
Gross revenue 56,419 52,542
Reduction in revenue -4 -30
Own work 625 527
Net revenue 57,040 53,039
Profit from sale of fixed assets 23 8
Expenditure on materials and third-party services -599 -368
Personnel expenses -37,091 -35,676
Room expenses -7,772 -6,780
IT expenses -1,783 -1,854
Other operating expenses -3,939 -3,029
Depreciation -3,917 -3,905
Operating expenses -54,502 -51,244
Financial revenue © 8
Financial expenses -96 -132
Financial result -87 -124
Tax expenses -140 -140
Profit 1,735 1,171
In the reporting year, METAS was able to finance 56.7 % of its activities itself.
Fees, payments for taking on other tasks and external funding contributed to this self-financing.
The auditors confirmed without reservation that the accounts were in proper order.
E# E METAS'’ financial reporting is carried out in accord-
:h ance with the International Public Sector Account-
E ing Standards (IPSAS).
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METAS publications

and lectures

METAS’ research and development activities are also reflected in the publications

and presentations that our researchers produced or delivered in 2023.

In the 2023 reporting year, METAS staff once again
presented the results of their research and develop-
ment work at symposia, conferences and in scientific
publications. They worked in professional organisa-
tions and committees at national and international
level, where they contributed their expertise and
experience. They communicated information about
metrology to a wide audience outside the immediate
professional circles of the sector and were involved
in courses for students at universities.

The following list contains an overview of the most
important publications published (53) and presenta-
tions given (65) by or with the involvement of METAS
employees.

The publications are sorted in ascending alphabeti-
cal order by the first METAS author to appear, sub-
sequent METAS authors, the main third-party author
and third-party co-authors. The presentations are
sorted in ascending alphabetical order by the key-
note speaker.

All names of METAS employees are highlighted in
bold.
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Publications (53)

Agustoni, M. / Frigo, G.: Implementation of Adaptive Taylor-
Fourier Filters on a Real-Time Industrial Controller: Feasibility
and Latency Analysis; doi: 10.1109/amps59207.2023.10297234.

Agustoni, M. / Frigo, G. / Castello, P. et al.: Time Synchroniza-
tion Sensitivity in SV-based PMU Consistency Assessment;
in: Metrology (8); doi: 10.3390/metrology3010006.

Agustoni, M. / Overney, F. / De Préville, S.: Broadband Calcu-
lable Coaxial Resistors; in: IEEE Transactions on Instrumenta-
tion and Measurement (72); doi: 10.1109/tim.2023.3264021.

Basic, N. / Blattner, P. / Molloy, E. et al.: Intercomparison of
bidirectional reflectance distribution function measurements
at in- and out-of-plane geometries; in: Applied Optics (62);
doi: 10.1364/A0.486156.

Stock, M. / Baumann, H. / Eichenberger, A. / Marti, K. /
Conceigao, P. et al.: Final report on the CCM key comparison
of kilogram realizations CCM.M-K8.2021; in: Metrologia (60);
doi: 10.1088/0026-1394/60/1a/07003.

Gersl, J. / Bissig, H. / Niemann, A. et al.: Testing micro-flow
devices for medical applications; doi: 10.21014/tc9-2022.021.

Bissig, H. / de Huu, M.: Dynamic vs constant liquid flow
calibrations down to 20 nL/min; doi: 10.21014/tc9-2022.135.

Neuhaus, S. / Bissig, H. / de Huu, M. / Bircher, B. A.: Presentation
of the METAS pipe viscometer; doi: 10.21014/tc9-2022.062.

Neuhaus, S. / Bissig, H. / de Huu, M. / Bircher, B. A.: Traceability
of the Micro Scale Pipe Viscometer for Traceable Calibration of
Dynamic Viscosity; in: Applied Sciences (13); doi: 10.3390/
app13105984.

Batista, E. / Bissig, H. / Morgan, J. et al.: Metrology for Drug
Delivery project - results and impact; doi: 10.21014/tc9-2022.146.

Bissig, H. / Buiker, O. et al.: First comparison of inline measure-
ments of dynamic viscosity; doi: 10.21014/tc9-2022.061.

Schwerz, C./ Bircher, B. A./ Kiing, A. / Nyborg, L.: In-Situ
Detection of Stochastic Spatter-Driven Lack of Fusion:
Application of Optical Tomography and Validation Via Ex-Situ
X-Ray Computed Tomography; doi: 10.2139/ssrn.4329340.

Schwerz, C./ Bircher, B. A. / Kiing, A. / Nyborg, L.: In-Situ
Detection of Stochastic Spatter-Driven Lack of Fusion:
Application of Optical Tomography and Validation Via Ex-Situ
X-Ray Computed Tomography; in: Additive Manufacturing
(72); doi: 10.1016/j.addma.2023.103631.

Brunamonti, S. / Biihimann, T. / Pascale, C. / Graf, M. et al.:
Sl-traceable validation of a laser spectrometer for balloon-
borne measurements of water vapor in the upper atmosphere;
in: Atmospheric Measurement Techniques (16); doi: 10.5194/
amt-16-4391-2023.
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Rust, D. / Buhlmann, T. / Vollmer, M. K. et al.: First Atmospheric
Measurements and Emission Estimates of HFO-1336mzz(Z);
in: Environmental Science & Technology (57); doi:
10.1021/acs.est.3c01826.

Stampfli, J. / Blattner, P. / Schrader, B. et al.: The Light-Dosi-
meter: A new device to help advance research on the non-
visual responses to light; in: Lighting Research & Technology
(55); doi: 10.1177/14771535221147140.

Veitch, J. / Blattner, P.: Editorial: Special issue on the CIE 2021
Midterm Meeting; in: Lighting Research & Technology (55);
doi: 10.1177/14771535231175050.

Costa, F./ Frigo, G.: Interoperability Issues in PQ and PMU
Measurements for Reduced Inertia Power Systems; doi:
10.1109/i2mtc53148.2023.10176036.

Costa, F. / Frigo, G.: Local Aggregation of PMU Measurements
in a Low-Inertia Distribution Power System; doi: 10.1109/
smagrimet58412.2023.10128654.

Costa, F. / Frigo, G. / Husmann, D. / Jallageas, A. / Morel, J.:
Comparison of Time Synchronization Sources for PMU Cali-
bration Infrastructures; doi: 10.1109/ispcs59528.2023.10297016.

Costa, F./ Frigo, G. / Peretto, L.: Impact of Estimation Uncer-
tainty in PMU-Based Resynchronization of Continental Europe
Synchronous Areas; in: Sensors (23); doi: 10.3390/s23052705.

Flutsch, S. / Wiestner, F. / Butticaz, L. / Moor, D. / Stélting, K. N.:
Vibrio-Sequins - dPCR-traceable DNA standards for quantita-
tive genomics of Vibrio spp; in: BMC Genomics (24); doi:
10.1186/s12864-023-09429-8.

Bourgouin, A. / Frei, F. / Peier, P. / Paz-Martin, J. et al.: Charge
collection efficiency of commercially available parallel-plate
ionisation chambers in ultra-high dose-per-pulse electron
beams; in: Physics in Medicine & Biology (68); doi:
10.1088/1361-6560/ad0a58.

Motta, S./ Frei, F. / Peier, P. / Christensen, J. B. et al.: Investi-
gation of TL and OSL detectors in ultra-high dose rate elec-
tron beams; in: Physics in Medicine & Biology (68); doi:
10.1088/1361-6560/acdfb2.

Allioua, C. / Frigo, G. / Mingotti, A. et al.: Cloud-Based PMUs
for Real-Time Power System Monitoring: Theoretical and
Experimental Analysis; doi: 10.1109/amps59207.2023.10297270.

Frigo, G. / Costa, F. / Grasso-Toro, F.: Phasor measurement unit
based based reliability index for renewable-based power
systems; in: Acta IMEKO (12); doi: 10.21014/actaimeko.v12i3.1446.

Frigo, G. / Costa, F.: DC Power Metering in Low-Voltage
Microgrids: Definitional and Methodological Issues; doi:
10.1109/smagrimet58412.2023.10128690.

Frigo, G./ Gallus, G. et al.: Improving Step Performance of
PMU Algorithms: Left and Right Taylor-Fourier Expansions;
doi: 10.1109/amps59207.2023.10297128.

Frigo, G. / Grasso-Toro, F.: Feasibility Analysis of Online Un-
certainty Metrics for PMU-Based State Estimation; in: Applied
Sciences (13); doi: 10.3390/app132111670.

Goldstein, A. / Frigo, G.: Determination of Digitizer Absolute
Phase Using Equivalent Time Sampling; in: IEEE Transactions
on Instrumentation and Measurement (72); doi: 10.1109/
tim.2023.3315354.

Karpilow, A. / Frigo, G./ Dervikadié, A. et al.: Characterization
of Non-Stationary Signals in Electric Grids: a Functional Dictio-
nary Approach; doi: 10.1109/pesgm52003.2023.10253430.

Frigo, G. / Morato, A. et al.: IEC 61850 on 5G Communication
Infrastructure: Feasibility Analysis and Practical Considerati-
ons; doi: 10.1109/i2mtc53148.2023.10175967.

Morato, A. / Frigo, G. / Tramarin, F.: Optimized 5G Communi-
cation Infrastructure for PMU-Based Distributed Measure-
ment Systems; doi: 10.1109/amps59207.2023.10297144.

Frigo, G. / Pegoraro, P. A. et al.: Tracking power system events
with accuracy-based PMU adaptive reporting rate; in: Inter-
national Journal of Electrical Power & Energy Systems (153);
doi: 10.1016/j.ijepes.2023.109384.

Pegoraro, P. A./ Frigo, G. / Mingotti, A. et al.. Welcome Message
from the Chairmen; doi: 10.1109/amps59207.2023.10297196.
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H Hammer, T./ Roos, D./ Vasilatou, K. / Giechaskiel, B. et al.:

Influence of soot aerosol properties on the counting efficiency of
PN-PTI instruments; in: Aerosol Research doi: 10.5194/ar-2023-16.

Noe, S./ Husmann, D. / Morel, J. / Miiller, N. et al.: Long-range
fiber-optic earthquake sensing by active phase noise cancel-
lation; in: Scientific Reports (13); doi: 10.1038/s41598-023-
41161-x.

de Huu, M. A. / Tschannen, M. / Bissig, H.: Extending the
functionality of the METAS primary standard in gas flow; doi:
10.21014/tc9-2022.073.

Lanza, G./ Iturrate-Garcia, M. / Grasso Toro, F. / Koval, M. et
al.: Towards FAIR Research Data in Metrology; in: Proceedings
of the Conference on Research Data Infrastructure (1); doi:
10.52825/cordi.v1i.379.

Garcia Criado, M. / lturrate-Garcia, M. / Myers-Smith, |. H. et
al.: Plant traits poorly predict winner and loser shrub species
in a warming tundra biome; in: Nature Communications (14);
doi: 10.1038/s41467-023-39573-4.

Heim, R. J. / Iturrate-Garcia, M. / Reji Chacko, M. et al.: Deci-
duous Tundra Shrubs Shift Toward More Acquisitive Light
Absorption Strategy Under Climate Change Treatments; in:
Journal of Geophysical Research: Biogeosciences (128); doi:
10.1029/2023jg007657.

Jaus, A./ Rhyn, P. et al.: Trace Level Analysis of Per- and
Polyfluorinated Substances in Fish from Various Regions in
Switzerland; in: Toxics (11); doi: 10.3390/toxics11110909.

Lobsiger, S. / Marki, L. / Mallia, S. / Umbricht, G. / Sprecher, H.
et al.: Development of a novel certified reference material for the
determination of polycyclic aromatic hydrocarbons (PAHS) in
whey protein powder; in: Analytical and Bioanalytical Chemistry
(415); doi: 10.1007/s00216-023-04863-9.

Song, Z. / Mester, C./ Weidinger, P. et al.: Traceable efficiency
determination of a 2.75 MW nacelle on a test bench; in: For-
schung im Ingenieurwesen (87); doi: 10.1007/s10010-023-00650-1.

Ziel, R. P. / Pascale, C./ Niederhauser, B. / Zalewska, E. et al.:
International comparison EURAMET.QM-K3.2019 - automotive
exhaust gases; in: Metrologia (60); doi: 10.1088/0026-
1394/60/1a/08030.

Loh, T. H./ Tas, E. / Pythoud, F./ Fan, W. et al.: Recent Activi-
ties of a European Union Joint Research Project on Metrology
for Emerging Wireless Standards; doi: 10.23919/
amta58553.2023.10293283.

Tas, E. / Pythoud, F.: Lessons from Proficiency Testing in EMC;
doi: 10.1109/emceurope57790.2023.10274222.

Vasilatou, K. / Wilchli, C. / Auderset, K. / Hammer, T. / Burt-
scher, H. et al.: Effects of the test aerosol on the performance
of periodic technical inspection particle counters; in: Journal
of Aerosol Science (172); doi: 10.1016/j.jaerosci.2023.106182.

Brown, A. S. / Vasilatou, K. / Lidnd, F. / Quincey, P. et al.:
International comparison CCQM-K150: particle number con-
centration (100 to 20 000 cm-3) and particle charge concen-
tration (0.15 to 3 fC cm-3); in: Metrologia (60); doi:
10.1088/0026-1394/60/1a/08014.

Brown, A. S./ Vasilatou, K. / Ludnd, F. / Quincey, P. et al.:
International comparison CCQM-P189: particle number con-
centration (100 to 20 000 cm-3) and particle charge concen-
tration (0.15 to 3 fC cm-3); in: Metrologia (60); doi:
10.1088/0026-1394/60/1a/08015.

Brown, R. J. C./ Vasilatou, K. / Guttler, B. et al.: Report of the
CCU/CCQM Workshop on «The Metrology of Quantities
Which Can Be Counted»; in: Metrology (3); doi: 10.3390/
metrology3030019.

Melas, A. / Vasilatou, K. / Suarez-Bertoa, R. et al.: Laboratory
measurements with solid particle number instruments desig-
ned for periodic technical inspection (PTI) of vehicles; in:

Measurement (215); doi: 10.1016/j.measurement.2023.112839.

Sakurai, H. / Walchli, C. / Auderset, K. / Vasilatou, K. et al.:
Traceable methods for calibrating condensation particle
counters at concentrations down to 1 cm-3; in: Metrologia
(60); doi: 10.1088/1681-7575/acf5f1.
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Lectures (65)

Assi, F.: Metrologists challenges in a digital world;
Strategy Day - R&D 4.0, Zurich; 30.11.2023.

Basic, N.: Optical Measurments of Sparkle and Graininess;
AIC2023 15th Congress of the International Colour Associa-
tion; 29.11.2023.

Baumann, H.: News from BWM II; CCM-WGM; 23.0.2023.

Bissig, H.: Calibration and characterisation of flow devices
at lowest traceable flow rates with process-oriented liquids;
Seminar, Uni Bern, Artorg; 22.06.2023.

Blattner, P.: Caractérisation des aspects d’apparences
de surface; Technical Watchmaker Show 2023,
La Chaux-de-Fonds; 13.09.2023.

Blattner, P.: Digital references in Photometry and Radiometry;
BIPM Webinar on «Digital References for Metrology», online;
12.10.2023.

Blattner, P.: History of the CIE; CIE Australia 75th Anniversary
Celebration, online; 24.08.2023.

Blattner, P.: Quantities with the unit one; CCU/CCQM Work-
shop on «The metrology of quantities which can be counted»,
online; 28.03.2023.

Bourourssis, C.: Reconstruction of camera spectral respon-
sivity using multiple narrow-band LED radiance sources;
CIE2023 30th Quadrennial Session of the CIE; 18.09.2023.

BuhIimann, T.: AtmoChemECV2; Donnerstagskolloquium,
Wabern; 26.02.2023.

BuhIimann, T.: Comparison of the METAS-2021 reference gas
mixtures with existing calibration scales; AGAGEG7, Bologna;
11.05.2023.

Buhlmann, T.: METAS CCL for halogenated compounds:
A proposal to the WMO; GAW DACH meeting, Miinchen;
23.01.20283.

Buhlmann, T.: Project outcomes and uptakes: uncertainty
tools, directives and calibration facilities; MetClimVOC
workshop/CIM2023 Lyon; 07.03.2023.

Burkhart, S.: Beam hardening correction based on image
noise; dXCT, Bath (UK); 26.06.2023.

Frei, F.: METAS - Laboratory lonising Radiation;
Seminar, PSI, Villigen; 15.12.2023.

Frei, F.: Reference dosimetry for electron FLASH radiotherapy
at METAS; 56th SSRMP Annual Meeting, Luzern; 01.12.2023.

Frigo, G.: DC grids WP3 overview; DC grids interim meeting,
Glasgow, UK; 09.07.2023.

Frigo, G.: Energie und Mobilitat in METAS;
Austausch BFE-METAS, METAS, Bern, CH; 02.11.2023.

Frigo, G.: PMU-based Estimation of Network Inertia;
NPL-METAS seminar, Teddington, UK; 22.09.2023.

Fritsche, J.: Ammoniak- und Treibhausgasemissionen aus der
landwirtschaftlichen Nutztierhaltung; Cercl’Air ERFA, Bern;
31.08.20283.

Hammer, T.: Effects of the test aerosol on the performance
of periodic technical inspection particle counters based on
different measurement principles: recommendations for

a reliable calibration and verification procedure; European

Aerosol Conference; 07.09.2023.

Hammer, T.: Influence of the type of soot generator on
counting efficiency of PN-PTI instruments; ETH Nanoparticle
Conference; 21.06.2023.

Hoffmann, J.: Broadband Shielded Coaxial Nano-Probe for
Imaging in Liquid; International Microwave Symposium 2023,
San Diego, USA; 12.06.2023.

Hoffmann, J.: ELENA WP1 overview; CIM2023, Lyon, ELENA
Stakeholder Workshop; 09.03.2023.
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Hoffmann, J.: ELENA WP1 overview; ELENA open session,
Villeurbanne, FR (online); 15.11.2023.

Horender, S.: Comparison of field and laboratory-based
calibration of the Sensirion SPS30 PM2.5 sensor; European
Aerosol Conference; 08.09.2023.

Husmann, D. / Morel, J.: Frequency dissemination in the
L-band of the Swiss National Research and Education
Network; IFCS-EFTF 2023, Toyama (Remote); 16.05.2023.

Husmann, D. / Morel, J.: Towards simultaneous time and
frequency dissemination over optical fiber networks using
a single stabilized optical carrier; IFCS-EFTF 2023, Toyama
(Remote Poster); 16.05.2023.

de Huu, M.: Hydrogen flow metering for mobility;
METAS Seminar; 04.10.2023.

Iturrate-Garcia, M.: les résultats d’expériences effectuées
dans une chambre de simulation atmosphérique pour évaluer
les variables affectant la réponse du signal des capteurs
low-cost de gaz; Cercl’Air ERFA, Bern; 31.08.2023.

Iturrate-Garcia, M.: Transferring Sl-traceability to the field
- assessment of new working standards; MetClimVOC
workshop/CIM2023 Lyon; 07.03.2023.

Jallageas A. / Husmann D. / Morel J.: First long-haul dis-
semination of high accuracy timescales using White Rabbit
in Switzerland; IFCS-EFTF 2023, Toyama (Remote Poster);
16.05.2028.

Lin, H.: Coaxial tips for scanning microwave microscopy;
NanoScale 2023, Helsinki, Finland; 10.10.2023.

Lobsiger, S.: News from EURL-PC 2023; NRL-PC Tagung,
Campus Liebefeld; 07.11.2023.

Lobsiger, S.: WP-CBR0O1 - A New Matrix CRM to Support
Food Safety; World Standard Day; Webinar; 12.10.2023.

Lobsiger, S.: WP-CBR0O01: a new CRM based on whey protein
powder for the determination of PAHs and toxic elements;
Swiss Food Science Meeting, Neuenburg; 28.06.2023.

Lathi, M.: Tesla-Converter: A high power water cooled Brems-
strahlung Converter; 8th High Power Targetry Workshop,
RIKEN Wako Campus, Japan; 08.11.2023.

Mallia, S.: European Metrology Network for Safe and Sus-
tainable Food; Swiss Food Science Meeting, Neuchatel. CH;
29.06.2023.

Mallia, S.: News from EURL-MN 2023; NRL-MN Tagung,
Campus Liebefeld; 23.11.2023.

Marki, L.: Entwicklung einer Methode zur Bestimmung
von Torf in Erdsubstraten ; Eichmeisterweiterbildungen,
METAS; 21./23.11.2023.

Marti, K.: Update METAS Kibble Balance; Joint KBTM/IAC
Braunschweig; 08.11.2023.

Mester, C.: Das Mobiltelefon, die Anzeige im Metering
von heute und morgen; Zéhlen-Messen-Priifen, Leipzig;
21.06.2028.

Mester, C.: EU legal framework: MID deep dive;
CENELEC TC 18 WG 08, Frankfurt; 24.01.2023.

Mester, C.: Geschwindigkeitskontrollen mittels Weg-Zeit-
Auswertung von Videoaufnahmen; AGr SVG-Ermittler,
Emmenbricke LU; 08.11.2023.

Mester, C.: Legal framework for EV charging in Europe;
SAE EV charging Europe, online; 03.10.2023.

Mester, C.: Unser Eichrecht - die Grundlage fur Vertrauen und
Innovation; Agentur fir Messwertqualitat und Innovation e. V.,
Prifstellenleiter-Fachtagung, Disseldorf; 19.09.2023.

Niederhauser, B.: Messunsicherheiten von PM Messgréssen;
Cercl’Air ERFA, Bern; 31.08.2023.
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Lecture by Dr Frédéric Pythoud (Head of the Electromagnetic Compati-

bility Laboratory) at the “Fundamentals of Metrology” course.

Niederhauser, B.: Metrologie, METAS, Terminologie,
Messunsicherheit, Konformitat und Atemalkoholmessung;
Course Monday «Analytical Chemistry and Forensics»,
Module «Analytical Technologies», ZHAW; 12.12.2023.

Pascale, C.: Chemical and Biological Metrology @ METAS;
EMPA; 18.04.2023.

Pascale, C.: Laboratoire Analyse de Gaz;
Vorstellung des Labors, Fribourg; 23.02.2023.

Pascale, C.: Metrology for climate relevant volatile organic
compounds - MetClimVOC; MetClimVOC workshop/CIM2023
Lyon; 07.03.2023.

Peier, P..: METAS - Laboratory lonising Radiation;

Seminar, AMS Inselspital, Bern; 29.09.2023.

de Préville, S.: A robust, high-throughput scanning microwave
microscope; NanoScale 2023, Helsinki, Finland; 10.10.2023.
Pythoud, F.: EMV-Bericht Vorlage; PEGESS, BAKOM/Biel;
22.03.2023.

Richard, P.: The kilogram in the quantum era; International
Conference of weighing, Hamburg; 24.05.2023.

Roos, D.: METAS: new WMO-GAW CCL for halogenated VOCs;
GAW Expert Team on Atmospheric Composition Measurement
Quality, online; 06.11.2023.
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S Sprecher, D.: Autonomes Fahren; SNV on Tour
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