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New instruments for new power grids

Electricity from renewables is helping reduce the emissions that would otherwise 
be produced from fossil fuels, but network operators struggle in integrating these 
more distributed sources of energy. One solution is to use smart grids capable of 
monitoring and responding to network conditions in realtime, helping to increase 
stability and optimise efficiency. However, realising these grids requires the
development of a new generation of measuring instruments.

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.



New instruments for new  
power grids
The EMRP project Non-conventional voltage and current 
sensor for future power grids examined emerging 
measurement technologies capable of monitoring the state 
of networks that integrate multiple sources of energy. The 
project demonstrated a 100-fold improvement in shielding 
against environmental interference for a current-sensing 
device used for calibrating high and medium voltage 
transformers. The project also developed novel optical current 
and voltage sensors with the potential for fault detection in 
networks over larger distances than conventional instruments. 
As a result of the EMRP project, two Good Practice Guides 
on calibrating and installing non-conventional sensors have 
been developed to assist and support those working in this 
developing field. These advances in technology will enable 
the real-time monitoring of smart grids, aid integration of 
energy resources and ultimately deliver a sustainable and 
secure electricity supply, whilst the newly published guides 
will support those making the transition.
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Challenge
Traditional power grids transmit electricity from a central power 
plant over transmission lines to substations, from which power 
is distributed to consumers. This one-way flow lacks real-time 
monitoring and is not optimised with over 6% of the energy 
generated lost during transmission. These grids also struggle 
to integrate the energy from renewables, such as wind or solar 
power, which are more distributed and can cause harmonics 
or surges of power leading to outages and failures. One way to 
address these problems is using smart grids, with digital control 
technologies, that can monitor the networks in real time, make 
automatic changes that reduce energy waste and allow them 
to operate at higher capacities. However, existing measurement 
instruments were not designed for these tasks, and new, accurate 
and SI traceable devices are required to control the additional 
demands of a more distributed network where power sometimes 
flows in different directions.

Solution 
The EMRP project Non-conventional voltage and current sensor for 
future power grids examined emerging measurement technologies 
capable of monitoring the state of electrical networks; from the 
high voltage transmission grid to the medium and low voltages 
of the distribution grid. One output from the project was the 
development of novel optical current and voltage sensors for 
distributed measurements on the power grid.

Conventional optical sensors are based on polarimetry, 
which measures polarised light, and is not suitable for long 
‘step-out’ distance measurements. The novel sensors do not 
use this principle and instead can utilise the existing optical 
telecommunication fibres that are typically integrated with the 
power system. Furthermore, the sensors are passive, not requiring 
a separate power supply at the measurement points.

Impact
Synaptec, a company that makes high-performance 
instrumentation for network monitoring, took up further 
development on the current and voltage sensors. As part of 
a consortium, formed through a Innovate UK Energy Catalyst 
project, three current and three voltage sensors were installed 
at the Power Network Demonstration Centre (PNDC) in Scotland 
and validated for use in the medium voltage network (11 kV) 
of the electrical distribution grid. The live-testing of the current 
sensors will soon be demonstrated in pilot projects with the 
European grid operators Statnett in Norway and SSE in the UK.

Synaptec’s secondary-connected current sensor is now part of 
a large Ofgem funded project with partners including GE Grid 
Solutions and the grid operator SP Energy Networks, that aims to 
develop an efficient and effective digital substation of the future.

This sensor technology has since been developed to the 
point where up to 50 current and/or voltage sensors can be 
daisy chained along a network allowing monitoring of an 
unprecedented 100 km of the power grid. This advance in 
technology will facilitate the novel system protection, control and 
diagnostics features required for the smart grids of the future.
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