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Challenges of today | A global situation

Major technical and societal challenges today

Á Interdisciplinary cross-sectional areas ¤Innovationclusters
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Climate change Health &  Food Energy & Mobility Digitalization Quantum era



Challenges of today | Role of metrology

LƴƴƻǾŀǘƛƻƴ ƛƳǇŀŎǘ ƻŦ baLΨǎ ƛƴ ǉǳŀƭƛǘȅ ƻŦ ƭƛǾŜ ŦƻǊ Χ 

Á Χ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǇǊƻǎǇŜǊǘȅ  ÂΧ ŘƛƎƛǘŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ

Á Χ ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅ  ÂΧ ǎŜŎǳǊƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ 

Á Χ ŜƴŜǊƎȅΣ ŎƭƛƳŀǘŜΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ 
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Technology

Energy

Everyday life

Medicine

Environment

άWe ensure that people and organizations 
Ŏŀƴ ǘǊǳǎǘ ƳŜŀǎǳǊŜƳŜƴǘǎΦά PTB Philosophy

Our common strategy: measurement infrastructure

Á Supplying precision metrology for SI units

Á Quantum technologies for next-generation devices

Á Metrology for a digitally-transformed world

Á {ǳǇǇƻǊǘƛƴƎ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ ƴŜŜŘǎ ŦƻǊ ǘƻƳƻǊǊƻǿ

¤ Metrology is making a critical difference



Challenges of today | How can metrology contribute?

Sustainability ςurgent needs

Á Efficient use of renewable energies ¤Resource efficiency

Á Storage and distribution of energy ¤Resource conservation

Á Circular material economy 

¤ Resource sufficiency

Á Biodiversity and ecosystems

¤ Resource consistency

â https://www.allbambu.com/blog/what-is-sustainability/

aŜǘǊƻƭƻƎȅ ǎǳǇǇƻǊǘǎ Χ

Á Χ efficiency measurements

Á Χ monitoring resource changes

Á Χ ǇǊŜŎƛǎŜ ƭƛŦŜ ŎȅŎƭŜ ŀƴŀƭȅǎƛǎ

Á Χ ǎȅǎǘŜƳΩǎ ǇŜǊǎǇŜŎǘƛǾŜ
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Metrology today
CǊƻƳ ŎƭŀǎǎƛŎŀƭ ƳŜǘǊƻƭƻƎȅ ǘƻ ǘƻŘŀȅΨǎ ƎǊŀƴŘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ

Contents | Highlights and challenges in metrology today

Metrologyfor the greentransformation
Precision measurement



Metrology today
From classical metrology to 
ǘƻŘŀȅΨǎ ƎǊŀƴŘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ



The ideas of PTB | Beginnings of metrology 

Metrology for science and industry for 135 years!

Á Innovation in science £¤Hermann von Helmholtz

Á Progress in industry £¤Werner (von) Siemens 
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"Counting and measuring are the foundations of the most fruitful, 
certain, and accurate scientific methods known to man."

"Scientific research always forms the sure ground of technical progress, 
and the industry of a country will never be able to acquire and maintain 
a leading international position if the same is not at the same time at the 
forefront of scientific progress."

The area of the PTR around 1900 with its centerpiece "Observatory"αhōǎŜǊǾŀǘƻǊȅά ƻŦ ǘƘŜ t¢. ŀǘ aŀǊŎƘǎǘǊŀǎǎŜ нлмт

Hermann von Helmholtz

Werner von Siemens

What would Herrmann von Helmholtz and 
Werner von Siemens do today? What would be 

their innovation ?



PTB today | Metrology centers and facts 

PTB sites

Á Braunschweig

Á Berlin Charlottenburg 

Á Berlin Adlershof

Braunschweig

Charlottenburg

Adlershof

Staff

Á 2.300 Employees

Á 199 PhD Students, 140 Apprentices

Budget

Á DƻǾŜǊƴƳŜƴǘŀƭ ōǳŘƎŜǘ нсл aϵ

Á ¢ƘƛǊŘ ǇŀǊǘȅ ŦǳƴŘƛƴƎ ϧ ǎŜǊǾƛŎŜǎ рл aϵ

Output 

Á More than 600 publications and 300 presentations / year

Á 150 Patents, 200 licences, over 180 instrument admissions &1,500 DAkkS assessments 
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PTB today | Metrology tasks

Science of precision measurement

Á Development and dissemination of SI

Á Fundamental cutting-edge metrology research

Á Accuracy, comparability and innovation

¤ Metrology for society

MassTime

ForceLength 

Advancement of legally-regulated metrology

Á Harmonization, calibration, admissions

Á Objectivity, reliability, enabling transformation

¤ Metrology for industry

Strategic further development

Á Continuously rethinking metrology 

¤ Metrology of tomorrow
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Highlights of metrology today | Microwave to optical clocks

²ƻǊƭŘΨǎ Ƴƻǎǘ ŀŎŎǳǊŀǘŜ ŎƭƻŎƪǎ ςstate-of-the-art oscillators based on optical approaches

Á From Cs atomic clocks (~ 9,2 GHz) to optical ion and lattice clocks (~ 500 THz)

¤ Uncertainty 10-18 
¤Clock is one second slow since the origin of the universe
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Cs fountain clock Yb single ion clockSr  lattice clock



Highlights of metrology today | The new kilogramm

Realization of the new kilogram

Á Counting of atoms via X-ray crystal density 

(XRCD) measurements

¤ Highly pure silicon Si-28 (10-9 impurities)

in ultra-smooth spheres (deviations < 16 nm)

¤ Precision measurement of the silicon lattice

¤ Material investigations for batteries

¤ Energy storage and circular economy 

10.03.2023

t¢.Ψǎ ǊŜŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƪƛƭƻƎǊŀƳΥ !ǾƻƎŀŘǊƻ ǇǊƻƧŜŎǘ

Precision spectroscopy for 
origin of resources and 

circular economy 
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Highlights of metrology today | Single-electron circuits

Integrated single-electron circuits

Á Quantum effects in manipulating individual electrons

¤ Quantum standard for electric currents

Prototypes of quantum computers

Extra-high voltage direct current transmission lines

Á Reliable, traceable measurements of high voltage

¤ Optimizing and expanding transmission lines

New network structures through decentralization of 

the energy supply and innovative energy generation
SEM image: detail of a nanoSQUID circuit with 

Josephson nanocontacts 

1 mm

High-voltage system for precise 

measurement of DC voltages to 2 MV

Precision voltage metrology 
supports power grid development

10.03.2023Dr. Annette Röttger



Highlights of metrology today | Quantum Technologies

The computational method of quantum computers 

Á A quantum computer works with αŜƴǘŀƴƎŜƭŘά 

states, two states that do not exist alone

¤ Only the measurement reveals the two states

¤ Secure transport ¤tap-proof processing  

¤ Qubits and entanglement are sensitive 

¢ƘŜ ǉǳŀƴǘǳƳ ŎƻƳǇǳǘŜǊǎΨ ƘŜŀǊǘ ςthe qubit

Á A quantum computer has more than bits

¤ Smallest computing unit is a qubit

¤ Instead of two, is has many arbitary states ς

like dots on a spherical surface

¤ Quantum bits for new 

computing methods 

Illustration of the possible states of a qubit on a 
spheric surface © DLR.de

Illustration of the entanglement of two states in 

two atomes © welt.de

Entangled qubits are sensitive in the real world, 

and must be shielded and error-corrected 
© Futurezone.de

10.03.2023Dr. Annette Röttger



Highlights of metrology today | Quantum Technologies 

The most promising quantum computers

Á Superconducting Josephson junctions

Á Ions in cold traps

Á Photons in light structures 

Á Defect/vacancy centers in diamond

June 2021: IBM quantum computer 
ΰv {ȅǎǘŜƳ hƴŜΨ ǿƛǘƘ ǎǳǇŜǊŎƻƴŘǳŎǘƛƴƎ ǉǳōƛǘǎ

Chip construction of an ion trap © ptb.de

What quantum computers are capable of

Á complex optimization tasks

Á Materials and Biotechnology

¤ Simulationof complex molecules 

and optimal material properties

Á Artificial intelligence

¤ Analysisof large datasets

Á High-security data encryption 
Chips for transmitting photons for secure encryption
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Highlights of metrology today | Towards green metrology

Metrology for the energy transition includes much more

Á Regenerative wind and sun energies

Á New gas metrology

Á Energy storage metrology

Á Power grid metrology
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Metrology for the 
green transformation
Precision measurement



Metrology for regenerative energies | t¢.Ψǎ ǿƛƴŘ ŎŜƴǘŜǊ 

Unique infrastructure with full wind turbine metrology for the industry 

Á Coordinate metrologywith gear standards

Á Traceable torque metrology

Á 3d wind vector metrology

¤ Supported by BMWK

ǿƛǘƘ мл aϵ
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Reliable operation of the largest and 
most powerful wind turbines 



Metrology for regenerative energies | t¢.Ψǎ ǿƛƴŘ ŎŜƴǘŜǊ

Competence Center Wind ςa unique metrology infrastructure for the industry 

Á Reliable operation of the largest and most powerful wind turbines 

¤ High-precision dimensional measurement by large coordinate measuring machine

¤ First traceability of large torques up to 5 MN·m

5 MN·m torque standard machine (D-NME) for the traceability of torque 
measurement in test stands for wind turbines. Photo: PTB 18.05.2022Visitof Minister Heil in June 2022

Dr. Annette Röttger 10.03.2023



Metrology for regenerative energies | Wind hot topics

Interaction of electromagnetic radar emission with wind turbines

Á Estimated interaction results in safety distance ¤Metrological distance determinination

¤ Advancing wind metrology research has a strong leverage effect

Handover of the PTB report to Minsters Dr. R. Habeck and BM Dr. V. 
Wissing on 5th of April, 2022

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 rules, 
we are opening up more land for the expansion of wind 

power. 

Robert Habeck, April 5th, 2022
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Metrology for regenerative energies | Photovoltaic center

Competence Center Photovoltaics ςmetrology for a sustainable energy transition 

Á Most accurate calibration method for solar modules worldwide 

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

Á Laboratory measurements on solar simulators ¤Open-field measurements at real conditions 

¤ Metrology from the solar cell to the power socket
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06/2021 completed
Inauguration in summer 2022

Field measurement cube
with solar simulator

Sun simulator with 16.320 LEDs, 18 colors 
Cooperation in developing reference 

systems and efficiency metrology



Metrology for regenerative energies | Future photovoltaics

Future photovoltaics research park

Á 4 MW metrology research solar park at campus at PTB Braunschweig

Á Construction with different 

types of inverters and 

solar modules

¤ Understanding aging 

¤ Realizing digital twins for 

solar parks simulations

Á Clear advantage for PTB

¤ Climate neutral energy 

¤ Savings in energy costs

10.03.2023Dr. Annette Röttger


