Highlights and challenges In



Challenges of todalyA global situation

Major technical and societal challenges today
A Interdisciplinary crossectional areas Innovationclusters

A

Digitalization Quantum era
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Challenges of todalyRrole of metrology

Lyy2@FaGAa2y AYLI OO 2F balLwa iyl s S
AX AYyy20F GAaz2y X yRR FLINE éf LISINNE & & - .
AX KSHEGK AXyBRS®DUANBuUE +yR Nba, =
A X SYSNHeés OfAYIFIGSE I yR SYQ)\ Energy

OWe ensure that people and organizations
Ol Yy UNHzA U YeShioapntlzZNE Y S Y 2

Meaicine
A PR N

Our common strategy: measurement infrastructure ‘%;"'f e \ \_\
A Supplying precision metrology for Sl units |
A Quantum technologies for nexgeneration devices
A Metrology for a digitallytransformed world
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g Metrology is making a critical difference Environment
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Challenges of tOdalyHow can metrology contribute?

Sustainabilityc urgent needs
A Efficient use of renewable energiesResource efficiency
A Storage and distribution of energyResource conservation
A Circular material economy
o Resource sufficiency
A Biodiversity and ecosystems
a Resource consistency
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A X efficiency measurements

A X monitoring resource changes
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a https://www.allbambu.com/blog/whatis-sustainability/
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COHtEﬂtSl Highlights and challenges in metrology today

D [ Metrology today
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-O: Metrologyfor the greentransformation
Precision measurement
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The ideas of PTlBBeginnings of metrology

Metrology for science and industry for 135 years!
A Innovation in sciencé @ Hermann von Helmholtz
A Progress in industry @ Werner (von) Siemens
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PTB today Metrology centers and facts
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PTB today metrology tasks

Science of precision measurement
A Development and dissemination of Sl
A Fundamental cuttingedge metrology research
A Accuracy, comparability and innovation
g Metrology for society

Advancement of legalyegulated metrology

A Harmonization, calibration, admissions

A Objectivity, reliability, enabling transformation
o  Metrology for industry

Strategic further development

A Continuously rethinking metrology
o Metrology of tomorrow
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Highlights of metrology todaly microwave to optical clocks
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A From Cs atomic clocks (~ 9,2 GHz) to optical ion and lattice clocks (~ 500 THz)
o Uncertainty 188a Clock is one second slow since the origin of the universe

Sr lattice clock
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Highlights of metrology todaly the new kilogramm

Realization of the new kilogram

A Counting of atoms vigray crystal density
(XRCD)easurements
o Highly pure silicon i8 (10° impurities)

In ultra-smooth spheres (deviations < 16 nm)

a  Precision measurement of the silicon lattice
o Material investigations for batteries
o Energy storage and circular economy

Precision spectroscopy fo
origin of resources and
circular economy
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Highlights of metrology todaly singleelectron circuits

_ S Precision voltage metrology
Integrated singleelectron circuits supports power grid developmen

A Quantum effects in manipulating individual electrons
o Quantum standard for electric currents
Prototypes of quantum computers

Extrahigh voltage direct current transmission lines
A Reliable, traceable measurements of high voltage
a  QOptimizing and expanding transmission lines
New network structures through decentralization of
the energy supply and innovative energy generation

Highvoltage system for precise
measurement of DC voltages to 2 MV

10.03.2023

Dr. Annette Rottger




Highlights of metrology todaly Quantum Technologies

] ¢ KS |jdzl ydzy Oethelqolzii SNE WY KSI
A A quantum computer has more than bits
o Smallest computing unit iscauibit
o Instead of two, is has many arbitary states
like dots on a spherical surface
o Quantum bits for new
computing methods

| The computational method of qguantum computers
A A quantum computer works with Sy 0 | v 3 St Ra
states,two states that do not exist alone

Entangled qubits are sensitive in the real worl
o Only the measurement reveals the two states and must be shielded and érraprrected

© Futurezone.de

o Secure transport tap-proof processing

a  Qubits and entanglement are sensitive lllustration of the entanglement of two states In
two atomeso welt.de
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Highlights of metrology todaly Quantum Technologies
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The most promising quantum computers
A Superconducting Josephson junctions
A lons in cold traps

A Photons in light structures

A Defect/vacancy centers in diamond

What guantum computers are capable of
A complexoptimization tasks
A Materials and Biotechnology
o Simulationof complex molecules
and optimal material properties
A Artificial intelligence
o Analysicof large datasets
A Highsecurity data encryption
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Highlights of metrology todaly Towards green metrology

&

Physikalisch-Technische Bundesanstalt
National Metrology Institute

A Regenerative wind and sun energies
A New gas metrology )
A Energy storage metrology Into the Future
- A _ -I with Metrology
£ G . | q The Challenges of
~ Our Environment
and Climate

HYDROGEN

ENERGY STORAGE
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Unique infrastructure with full wind turbine metrolog
Coordinate metrologwith gear standards
Traceabldorque metrology
3d windvector metrology

Supported by BMWK |
 GAUK wmMn ac

Y , BN U
| . | Reliable operation of the largest and
most powerful wind turbines
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Metrology for regenerative energieés ¢. wa siayR OSyi

Competence Center Wingla unique metrology infrastructure for the industry
A Reliable operation of the largest and most powerful wind turbines
o Highprecision dimensional measuremeloy large coordinate measuring machine

arge torquesp to 5 MNm
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I~ 5 MN-m torque standard machine{ih——
measurement i 1test stands forwind
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Metrology for regenerative energieswind hot topics

Interaction of electromagnetic radar emission with wind turbines
A Estimated interaction results in safety distancé/etrological distance determinination
g  Advancing wind metrology research has a strong leverage effect

With the package of measures jointly decided today, we
open up an additional potential of around 5 Gigawatts
capacity and 1.000 additional wind turbines. By clever rul

we are opening up more land for the expansion of wind
power.

Robert Habeck, April's 2022

v.bund.de

Erkenntnisse und Empfehlungen aus den
Projekten WERAN und WERAN plus

Braunschweig, 21.03.2022 -

L -
Handover of the PTB report to Minsters Dr. R. Habeck and BM D
Wissing on 5th of April, 2022
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Metrology for regenerative energieSprhotovoltaic center

Competence Center Photovoltaigsnetrology for a sustainable energy transition

A Most accurate calibration method for solar modules worldwide

A >80% of all modules world wide are traced back to PTB (~ 35 billion)

A Laboratory measurements on solar simulater©penfield measurements at real conditions
o Metrology from the solar cell to the power socket
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Sun simulator with 16.320 LEDs, 18 co
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- Cooperation in developing referenc
~ systems and efficiency metrology
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Metrology for regenerative energieSruture photovoltaics

B Future photovoltaics research park
A 4 MW metrology research solar paakcampus at PTB Braunschweig
A Construction withdifferent

types of inverters and

solar modules

o Understandingaging

o Realizingligital twinsfor

solar parksimulations

A Clear advantage for PTB
a Climate neutral energy
o Savings imnergy costs
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