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Next-generation nuclear power
Nuclear power plants play a vital role in securing a stable supply of energy
across Europe, generating almost 30% of all electricity and over half of lowcarbon electricity produced in the EU. To maintain Europe’s world-leading
position in nuclear energy technology and to realise the EU’s ambitious
2050 low-carbon vision, researchers are developing next-generation nuclear
technologies to enable increased electricity production with reduced waste
reprocessing requirements.
Europe’s National Measurement Institutes working together
The European Metrology Research Programme (EMRP) brings together National Measurement Institutes in 23 countries to address key
measurement challenges at a European level. It supports collaborative research to ensure that measurement science meets the future
needs of industry and wider society.

Challenge
The next generation of nuclear reactors currently under
development, known as Generation IV, will use a closed fuel
cycle, where spent fuel is reprocessed and reused. This conserves
natural resources, minimises nuclear waste and hinders nuclear
proliferation.

The EMRP project Metrology for new generation nuclear power
plants provided the necessary metrology infrastructure to
help suppliers and regulators develop a safe and secure
energy supply using new generation nuclear power plants.
The project addressed the challenges posed by Generation
IV reactor designs by testing temperature measurements
and materials for suitability, and developing new sensors and
techniques for measuring temperature and radioactivity in
high-temperature, high-neutron flux environments.
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Generation IV reactors will operate at higher radiation levels
and temperatures than current reactors to achieve improved
efficiencies. Existing temperature sensors, used to monitor
conditions in the reactor core and ensure plant safety, are largely
based on technologies developed 30 to 40 years ago and cannot
be reliably used at the temperatures and radioactivity levels inside
Generation IV reactors. New sensors, capable of withstanding the
harsher reactor environment, need to be developed and validated
under real operating conditions before Generation IV technology
can be deployed.

Metrology for new generation
nuclear power plants

Solution
The EMRP project Metrology for new generation nuclear power
plants developed new temperature sensors and measurement
methods. It focused on extending measurement ranges to higher
temperatures and reducing sensor drift in the high-temperature
environments encountered in Generation IV reactors. During
the research project, Dr Michele Scervini at the University of
Cambridge developed, tested and patented a new temperature
sensor, capable of operating at temperatures up to 1300 °C.

Impact
Idaho National Laboratory, a key nuclear research laboratory,
is validating in 2016 and 2017 a new nuclear fuel for the
Very-High-Temperature Reactor - a Generation IV reactor - in its
Advanced Test Reactor located in Idaho. This is one of only a few
facilities of its sort in the world and, following initial performance
trials, Idaho awarded Cambridge the opportunity to test their
new sensor in a realistic Generation IV high irradiation and high
temperature environment.
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The trial will demonstrate the sensor’s ability to perform reliably
in Generation IV operating conditions, giving confidence to
the nuclear industry, for which reliable product performance
is of the utmost importance. Increased industry adoption of
the technology will help ready the nuclear industry for safe
and effective operation of future plants using Generation IV
technology, and pave the way to more efficient generation
of low-carbon energy for Europe.

