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MANAGEMENT SUMMARY

The European Association of National Metrology Institutes, EURAMET, has launched an
initiative forming European Metrology Networks (EMN) to focus on the European and global
metrology needs in selected fields. Recognising the strategic importance of the electric grid
as a backbone of a secure, clean and efficient energy supply in Europe, it created the Smart
Electricity Grid (SEG) metrology network in 2018. The EMN SEG will therefore offer a
sustainable structure providing close collaboration in measurement science and techniques
in smart electricity grids.

This document is the first draft of a Strategic Research Agenda (SRA) for the SEG network.
It will be submitted to representative stakeholders of the community for review, with the
aim of drafting a synthetic and exhaustive document. rpose of the final SRA will be to
give as much of a comprehensive overview as possi e major metrological challenges
faced by electricity grids in a digitised era, as env keholders of this field and
rope over the coming five
rough stakeholder
eholders. These

ill be materialised

consultation. Emphasis will be on addre
needs will pave the way for long-term co

This initial SRA introduces the rology Networks and an overview of
Smart Electrical Grids. A full cha asurement challenges in smart
electrical grids.
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1 INTRODUCTION

1.1  Metrology in Europe

A quality infrastructure of a national or regional entity is often considered to consist of
three pillars: metrology, standardisation, and accreditation. Metrology is the science of
measurement, and is highly relevant to society, the economy and science. It is based on
common definitions of measurement units, their realisation in practice and their traceability
to reference standards. While science and metrology have nurtured each other, leading to
great fundamental advancements, applied metrology has underpinned technological or
industrial development and thus proved to be an essential pillar in the quality infrastructure
of developed countries, besides standardisation and itation. Legal metrology is, as
its name implies, the field linked to regulatory inter of states in measurement
affairs, wherever mandated by requirements for ing the interests or protection of
the citizen.

The ultimate goal of metrology is to under, d foster confi e in measurements of all
stakeholders, from the private party to t inati Each country has
therefore developed, to some degree o

measurement 2 i i ety that can be borne from
g iorities far EURAMET and its members.

1.2

metrology capabi on high-quality scientific research, and an effective and
inclusive infrastruct at meets the rapidly advancing needs of end users. The
EURAMET European Metrology Research Programme (EMRP, [2]) has enabled European
metrology institutes, industrial organisations and academia to collaborate on joint research
projects within specified fields includings industry, energy, environment, health, new
technologies and fundamental metrology. The successor programme, European Metrology
Programme for Innovation and Research (EMPIR), has continued to support measurement
research projects in these fields [3].
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1.3 R&D in smart grids

The European Energy Union strategy puts high priority on renewable energy, smart energy
systems and energy efficiency in order to 'build a low-carbon, climate resilient future' via
'secure, clean and efficient energy'. This strategy has a profound impact on electricity grids
— the backbone of modern society. Currently, low-carbon electricity generation output is
variable and often localised, requiring distributed networks rather than existing, centralised
grids. As a result, evolving energy demands and aims to incorporate renewables into
Europe’s energy mix necessitate transformational change of Europe’s electricity
distribution and supply infrastructures. Consumers expect networks to power
transportation and for their meters to be accurate and s . Smart grids are a proposed
solution to changing patterns of supply and demand, ed to be more flexible and
responsive, and ensure reliable connectivity.

Grid stability and quality of supply are also affe
energy sources (RES) and grid energy losse

ignificant uptake of renewable
ed in order to meet EU

conventional sensors, instrume

ormers for inusoidal signals, efficiency of
solid state lighting, wind turbine 2

gen storage solutions, inductive
wer transformer losses,

re to formulate common metrology strategies including
aspects suct rastructure, knowledge transfer and services. Members
i EMN, helping to establish sustainable structures that are

strategically plan e outset.

By providing a single point of contact for information, underpinning regulation and
standardisation, promoting best practice, providing easy access to project results, and
establishing a comprehensive, longer-term infrastructure,the EMNs aim to benefit
stakeholders at large. This initiative should yield creation and dissemination of knowledge,
enhanced international leadership and recognition, and stronger collaboration across the
measurement science community. Seven EMNs have been established so far: Smart
Electricity Grids (SEG), Energy Gases, Mathematics and Statistics, Laboratory Medicine,
Quantum Technologies, Smart Specialisation in Northern Europe and Climate and Ocean
Observation.
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2.2

2.3

EMN Smart Electrical Grids

Recognising that there is a significant need for a coordinated approach on measurement
issues related to the future of electricity grids, a European metrology network specifically
dedicated to activities in this field was established. Hence there is now a specific entity
named EMN SEG focussing on stakeholders’ technological and strategic objectives in
electricity grid metrology [7].

Five objectives have been formulated to accelerate the development of the EMN SEG
activities:

1. To establish systems within the EMN to coordinate and align national R&D

strategies.

2. To significantly enhance exploitation and upt
To develop a plan for a joint sustainable E

4. To create a widely visible identity as the

metrology community and to establi
organisations.

5. To set up an extensive knowled
This document is a deliverable of objecti
strategic research agenda describing curren
electricity grids, collected fro akeholders.

esearch results.

metrology infrastructure.
uropean electricity grid

ant European stakeholder

w

isons with

ansfer programme.
is ai European joint
lated to smart

Stakeholders

rators (TSOs, DSOs),
industry assoc i : andardisation organisations and
research centre » ‘ ay not be limited to purely technical or

i also address socio-economic issues,
arch innovative solutions with the aim to

3. The initial
from stakehold
be published.

A list of stakeholder organisations and networks has been compiled. This compilation can
be shared among EMN SEG members in accordance with GDPR rules with no mention of
personal names.

be presented at a one-day stakeholder workshop. Feedback
s is highly appreciated. The report of the consultation process will

Throughout the SRA process, the core stakeholder group must be representative of the
smart grid R&D community, in order to collect a comprehensive understanding of inputs
and needs at the European level. The SRA must also reflect the orientations outlined by
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3.2

the European Commission as well as by bodies such as for instance ENTSO-E, EDSO,
EURELECTRIC, ESMIG.

Time frame of the SRA

The SRA has been compiled in view of a broad time span of five to ten years. It will be
thoroughly reviewed five years after its initial publication, in order to identify new research
areas or fields of applications, and to what extent the framework conditions have evolved.

European Green Deal

On 11 December 2019, the European Commissi d its European Green Deal [8],
a flagship initiative aiming for climate-neutralit . lines a long list of policy

initiatives designed to put Europe on track i i
2050.

be regularly reviewed to ensu INSi i ate neutrality objective. This
framework should foster the de i echnologies and infrastructures,
such as smart grids, hydrogen n >

sector integration. Some existing ill require upgrading to remain
fit for purpose and climate resilient.

erconnect electricity and gas
out a new method for planning trans-

t defines broad energy infrastructure priority
icity corridor) and thematic areas (e.g.
mplement the projects that are needed to

gy infrastructures that deliver electrical energy from
producers . generally accepted that an electrical grid is a network

° i s: conventional — fossil-fired or nuclear, renewable — e.g. solar

panels, wind geothermal, or both, hydroelectric;

e transmission and distribution grids: high-, medium- and low-voltage transmission
lines and cables, AC and DC, power transformers, reactive power compensation
schemes;
energy delivery: neighbourhood substations, communication infrastructure;
storage: dams, batteries, supercapacitors, power-to-X (power-to-gas), flywheels;
consumers.

Modern grids are interconnected in a complex supranational mesh, optimised to meet the
redundancy needed by each individual utility to guarantee reliable service. Interconnected
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grids are very complex systems that require high-level automation to ensure their stability
in a highly dynamic operating range.

The concept of 'Smart Grids' uses information technology to adjust the electricity flow in
real-time between suppliers and consumers. Some renewable energy sources are highly
volatile. On a given grid scale, power flow can change direction owing to injection of
renewable energy, something that had not been planned for in the traditional plant-to-
consumer scheme.

With the steady introduction of new electronic equipment and a gradual switch from non-
renewable non-electric to renewable electric energy, for heat pumps and electrical vehicles
for instance, electrical energy consumption is increasin ngside this, more and more
air conditioning units are being installed, yielding co ion peaks during heat waves.
The resulting increased load on the grid has a del effect on operational safety
margins. Smart grids aim at mitigating such bre by means of higher
operational security, better management of
renewable sources. The advent of smart
investment cost, although metrology ca
Another challenge arises from the huge
may need to be stored and mined as well
malevolent intrusions.

at a very high
ting these costs.

Modern electrical power grids e control and monitoring systems to
ensure stability under increasing iti he measurement and control

ime synchronisation, across

it is possible to balance

concerns transmission and distribution networks, both
opean). Smaller scale grid systems, operating to a
ous level, interact with smart grids. For example:

railways: tra ies, generation stations, interconnection to utilities;

e-mobility: vehic
renewable source

from the smart house to the smart factory: prosumers interconnected to utilities;

smart cities: group of smart houses and smart factories interconnected to each other and
distribution grids;

storage: networks with batteries, supercapacitors or novel storage concepts.
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3.3 Grid measurement infrastructure

The reliable and cost-effective operation of electrical grids by utilities relies on a
sophisticated measurement infrastructure developed and supplied by asset and equipment

manufacturers.

Transmission and distribution system operators need to contribute to global grid stability,

safety and security while managing the interface to fellow actors relying on:

Low-voltage distribution networks need

security.

current, voltage and frequency monitoring using instrument transformers,

SCADA systems,
monitoring the propagation of transient and disturbi
loss measurements,

inter-utility and -operator metering and billi
fault management,

asset management,

community and corporate meterin

phenomena,

dress local issues s
monitoring impedance, power flow,

data communication,
private and professio
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4 MEASUREMENT CHALLENGES IN ELECTRICITY GRIDS

41 Approach
Various measurement methods and techniques ha derpinned the implementation and
continuous development of energy grids such as grids. As factors like
interconnection, interoperability, and flow ma become increasingly
complex, so have measurement methods : d at ensuring ability, flexibility,
accessibility, and optimisation. The Eurg etwork of Tran sion System Operators
for Electricity (ENTSO-E), has identified21 functional objectives i
Innovation Roadmap [10]. The achieveme these objectives req aking use of the
appropriate relevant measurement tools:
Clusters Function Objectives FO Comments
T5 Grid observability Observability of the grid: PMUs, WAM,
Sensors, DSO information exchange
T 6 Grid controllability Controllability of the grid: frequency and
voltage stability, power quality,
synthetic inertia
T 7 Expert systems and tools | Decision support tools, automatic
control and expert systems
T 11 Demand Response Demand Response, tools to use DSR;
Load profile, EV impact
T 13 Flexible grid use Flexible grid use: dynamic rating
equipment, power electronic devices;
use of interconnectors
T 18 Big data Big data, data mining, data management
T 20 Internet of Things New communication technologies,
Internet of Things
T 21 Cybersecurity Cybersecurity
Table 1 ENTSO-E objectives which can be supported by Metrology
Based on knowledge collected through years of interaction between metrology institutes
and the industry and with the above objectives in mind, 8 themes have been identified as
EMN SEG Strategic Research Agenda -11 -
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4.2

4.21

4.3

bearing particular metrological relevance to smart grids. They are summarised in the
following sub-chapters.

Revenue metering

Metering for billing purposes has always been crucial for fair trade and customer
confidence. For many decades, conventional electricity meters have been based on the
very reliable Ferraris concept, derived from a purely electro-mechanical transducer relating
the metered electrical energy to counting the number of revolutions of a disc. Electronic
meters use current sensors based on Rogowski coils, shunt resistors, Hall-effect magnetic
sensors or current transformers. As a result they have noimoving mechanical elements,
but can rather be seen as an electronic board with se a micro-processor and an
interface port.

Smart meters are electronic meters offering the
consumption and two-way communication b
infrastructure, either by wireless link (mobi
fiber optic, power line carrier - PLC). T rate in conjunction with a gateway or a data
concentrator on the other side of a two- ommunication sche hile a smart meter
has to fulfil metrological requirements, it is i way and data
concentrator, with various degrees of IT sec bject to non-
harmonised national legislatio

recording detailed

Recently, the current immunity lectricity meters have been put
into question. Electricity meters re electro-magnetic

Addressing IT security of smart meters at the proper level
Extension of electro-magnetic immunity of smart meters when used in
conjunction with dimmers, LEDs, etc.

e Development of an harmonised legal framework for DC metering

Power quality

Issues with the quality of electric supplies have been known since the beginning of
electrification. The advent of power electronics, and more recently of inverters in
connection with the multiplication of renewable energy sources, mean an increase of non-
linear loads and sources connected to the distribution grids. This produces harmonics of
the 50 Hz sine waveform and, together with a wide range of other disturbances, can pose
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a risk to the safe operation of grids. Hence, power quality is sometimes referred to as the
set of limits of electrical properties that aims at ensuring that electrical systems function in
their intended manner without significant loss of performance or breakdown. Monitoring
both the current and voltage contribution to power quality allows for the prevention of
outages and damages, and for the analysis of issues in retrospect. The European
standard EN 50160 specifies power quality in low- and middle-voltage grids, whereas the
IEC standards IEC 61000-4-30, -4-7 and -4-15 define power quality quantities and
methods.

Power quality is analogue to electromagnetic compatibility but limited to 9 kHz.
Disturbances of significant levels have been observed u 500 kHz: supraharmonics up
to 150 kHz and effects owing to narrow-band power li munication (PLC) up to

500 kHz. The low-voltage grid impedance is influe the impedance of devices or
equipment connected to it, and as such is frequ dent. This varying impedance
has an impact on the grid stability, but also o
experimental instruments and methods tha i re the line impedance are
limited. Furthermore, various proposed i patible results.
Consequently, there is a need to establ id i
standard in order to compare different m
towards standardisation.

Some of the harmonic conten
levels through power transfor
voltage at power stations are de
have an unknown frequency chara
transferred to the , ue to the inadequacy of

transferred to different voltage
ers that monitor current and
ation at 50 Hz and generally

icle charging stations, sometimes operate at
different fre i .7 Hz) with compatibility requirements at interconnection or
border nodes i 5, transients and in-rush currents need to be monitored

distortion and mete to be able to handle various frequency systems. So far, neither
commercial power qu analysers nor standards comparable to IEC 61000-4-30 have
been developed for these specific applications.

4.3.1 Some measurement challenges in power quality

Definition of a metrological traceable grid impedance standard artefact
Development of characterisation methods for instrument transformer exposed to
PQ phenomena

e Characterisation of the frequency transfer function of instrument transformers
with investigation of propagation patterns of harmonics
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e Standardisation comparable to IEC 61000-4-30 for specific applications such as
DC networks, railway infrastructure and large ships

4.4 Digital substations

Future electrical power grids will require real-time control and monitoring systems to meet
increasingly complex and challenging conditions. Digital instrumentation will slowly
substitute conventional analogue instrumentation. New standards in the IEC 61869 series
address the digital communication of electronic instrume ansformers, as well as stand-
alone merging units (SAMUs) and digitisers for analo trument transformers.
Following the introduction of these new standards, nsition from traditional analogue
instrumentation towards the new digital instrume hnology is expected to gain
speed, both on a transmission and distributio ,
metrological tools and methodologies are n s for new technology.

be achieved
by using global navigation sa wever, in mission‘critical

i i nd synchronisation, based on PTP
ity of timekeeping.

. SAMU timing. Providing
traceable linking o i e, as is providing the

d or already going on in several European
etwork of loT-devices, thus requiring a high

4.4.1 in digital instrumentation

New metrological tools and methodologies for intelligent electronic devices
(electronic instrument transformers, SAMU, all-digital meters and PMUs)
Investigation of PTP or White Rabbit methods for accurate time-stamps
Addressing IT security of smart meters at the proper level

4.5 Instrument transformers and sensors

The safe operation and regulation of electrical grids requires a large number of grid
sensors to monitor voltage and current at key grid nodes. High voltage and current are
sensed through instrument transformers, high accuracy electrical devices which scale the
grid voltage and current to fit the input levels of measuring instruments and secondary
control circuitry - with the advantage of ensuring their galvanic isolation. The primary
winding of the transformer is connected to the high voltage or high current circuit, and the
measuring instrument is connected to the secondary circuit. Most instrument transformers
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are inductive, wire-wound transformers using an electromagnetic principle, but capacitor
voltage transformers use a capacitor potential divider for use at higher voltages.
Traditionally, traceability for instrument transformers is established for pure sine waves
and at 50 Hz only. The presence of harmonics can impact the measurement accuracy of
an instrument transformer, but this effect is not taken into account by the traditional
calibration carried out at power frequency only. The limited measurement bandwidth and
the lack of traceability for frequencies other than 50 Hz limits the possibility to analysing
harmonic signals and interferences.

Other wideband low power output passive or electronic instrument transformers, which
operate on different principles such as Rogowski coils a ividers, are now commercially
available. Instrument transformers based on magneto | or electro-optical effects in
an optical fibre offer significant advantages over in and capacitor instrument
transformers. Their bandwidth is much larger an is considerably smaller. Since
coupled from the power
lines and almost immune to electromagneti . nic instrument

ameters and they are
tandards, making
ions).

usually fitted with digital outputs compli
them compatible with digital substations

4.51 Some measurement chall

e Extension of traceability beyond 50 Hz with characterisation of the frequency
response

e Development of calibrators for new generation instrument transformers based on
magneto-optical or electro-optical effects

e st

ability of the d interconnected control loops. Monitoring
voltage, and phase is therefore key in avoiding

nsumption, the frequency increases, and vice versa.

A fine b e struck for active power, in order for the frequency to remain
constant. er must be similarly well balanced to keep the operating
voltage con

The grid contro a Supervisory Control and Data Acquisition (SCADA) system
which measures po and voltage at key locations of the grid. Thanks to this
infrastructure, energy flow in all parts of the grid can be calculated. The deployment of
Global Navigation Satellite Systems made it possible to achieve high synchronisation of
the measurements. Phasor Measurement Units (PMU) enable an accurate measurement
of voltage and current amplitude, phase difference at different nodes relative to UTC
(Universal Time Coordinated), frequency and rate of change of frequency (ROCOF).
PMUs yield better state estimations with the possibility to observe long-distance
oscillations with high refresh rate (up to 50 times per second compared to 15 minutes for
SCADA). Contrary to Europe, PMUs have been deployed across North America,
following spectacular grid blackouts [11].

EMN SEG Strategic Research Agenda -15-
Draft version 1.0 (11/2020)
For approval BoD



4.6.2

4.6.3

4.6.4

Monitoring of distribution grids

Variability, and to some degree information density, of distribution grids increases with
the advent of renewable energy sources. One of the motivations of the large-scale
deployment of smart meters is to provide fine geographical and time-resolved information
to the utilities. This explosion in available data requires big data analytics in order to
convert data to actionable information.

Sensors are used to measure network current, voltage and frequency, with this data
aggregated to form a view of the overall network state. However, distributed generation
will need distributed sensor deployments. Methods for optimising sensor placement, the
use of phasor measurement units (PMUs), and state tion using aggregated smart
meter data are just a few examples that could impr twork management beyond the
present SCADA systems commonly in use. As le, a 50 kV distribution network
in the south-west part of the Netherlands provi comparing state estimation
algorithms applied to PMU data with SCAD

decade or so. The PMUs can be use i i on a denser time
scale, such as the rate of change of fr id i rom frequency and
ROCOF, synthetic inertia, detection of s illati

llation is useful in“distribution grids
d scales, observing amplitude and
improved voltage and current

is the subject of further resea
phase differences between diffe

ed SCADA systems, receive
y once every 15 minutes. Obviously, accurate
owever, future electrical grids will require
s on a substation level to ensure stability

Monitoring or othe surement equipment deployed by grid operators provide
significant potential for the real-time monitoring of abnormal grid dynamics and post-
mortem fault analysis. Significant data volumes are generated. For grid improvement and
maintenance to avoid repetition of issues, there is a need for appropriate visualisation
and big data analytics to convert data into actionable information.

Network operators are interested in the detection of abnormal events in response to
faults or changes to system dynamics. Data analytics techniques can be used to detect
anomalies and atypical behaviour in power system operation and facilitate new alarm
metrics for control room staff and protection systems. An example of grid instability is the
build-up of oscillations in power systems due to the increasing difficulty of convertors

EMN SEG Strategic Research Agenda -16 -
Draft version 1.0 (11/2020)
For approval BoD



locking onto a stable grid frequency and their intrinsic sensitivity to abnormal events.
Hence, the need for early warning indicators based on fast data analytics. Another
example is the change in grid inertia due to the relative increase of distributed generation
with respect to traditional generation. Measurement and control of grid inertia is one of
the most important issues facing system operators in future energy scenarios.

Measurement data from different origins, such as PMUs or other monitoring devices and
even the sophisticated use of smart meter data, could therefore also be used to
dynamically manage power flow in networks. As high levels of renewable energy sources
and electrical vehicles are installed, parts of the grid are overloaded for short periods of
supply and demand. Investing in the development of d nalytics to manage power
flow and rating management and consumption coul in lower investments in
hardware related to rating over-dimensioning or s on reinforcement, and

grid, plays an increasing role in plannin . data can be used to
validate or improve the models predicti i
power quality.

4.6.5 Some measurement chaIIenges in grid

Improvements to ROCOF measurements including phase step correction
Grid inertia measurement from frequency and ROCOF

Support for instruments and equipment providing synthetic inertia
Detection of sub-synchronous oscillation

Secure timing protocols protecting against jamming and spoofing
Relevance of transmission-grid-like state estimation in distribution grids
Development of big data analytics and visualisation platforms

Fault location identification

Monitoring the propagation of transient and disturbance phenomena
Dynamic line rating

Turning large data sets collected in distribution grids into actionable information
Characterisation of grid inertia

Modelling of virtual power plants interacting with smart grids

4.7 Efficiency

Much expectation
energy consumption,
utilities and consumers.

placed in smart grids for achieving higher efficiency in electric
the most part by enabling better power management of energy

Technical energy losses are due to energy dissipated in transmission and distribution
lines, transformers, converters and inverters, and are either permanent or variable, i.e.
varying with the amount of electricity distributed.

Characterisation methods for wasted energy and energy efficiency of converters (rectifiers
and inverters) still need development. Evaluation of efficiency has two major aspects. First,
total input power versus useful power, the difference being the loss is best measured at
fundamental frequency only. Second, during product development, identifying exactly
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4.7.1

4.8

4.8.1

where losses occur which necessitate accurate wide-band measurement of active power.
This can be exemplified by the case of an HVYDC substation. The AC grid will supply AC
power at fundamental frequency. The HVDC converter inevitably creates harmonics in its
operation. If not completely filtered, these harmonics will be injected back into the AC grid
causing power loss in the grid. Measuring converter input AC power with a wide-band
measuring system will then measure the power of the fundamental drawn from the grid
minus the power of the harmonics re-injected into the grid, causing losses elsewhere and
leading to an optimistic figure on efficiency.

Evaluation of converter efficiency requires accurate measurement of power in a wide
frequency range in presence of highly distorted voltage current waveforms. These
characterisation methods must account for the specifi application and actual working
conditions, including non-stationary situations. The exity of the required
measurements, combined with the lack of comp tandards or metrological

lues that are neither

traceable nor obtained by standardised pro evaluation.
Storage systems have been the preferr mand vs. supply with
increasing shares of renewable energy i tric vehicle fleets

can potentially serve the electrical grid as istri gy source, by
delivering the energy stored in i

rage system invo
ic and distorted conditions.

Some measurement challeng

e Measurement systems for loss measurement in transformers,
converters/inverters

e Traceable measurement of distorted three-phase power with harmonic content of
significant amplitude

e Measurement of DC power characterized by high frequency ripple and/or fast
transient event

e Measurement of small DC component in AC system
Measurement of small AC component in a dynamic DC system
Accurate impedance measurements performed in a small time interval

High-voltag

Ultra-HV syste

In the production of equipment for high voltage grids dielectric testing is performed to
verify that the equipment can withstand the operational environment, including high
voltage and high current impulses. Methods and schemes for traceable calibration are
defined in IEC 60060-2 for high voltage and in IEC 62475 for high current. However,
system voltages are currently increasing to levels higher than those covered by this
standard, and there is a need to extend the traceability of the test methods into the ultra-
high voltage range above 800 kV.

The expansion of UHV grids, now operating at 1100 kV system voltage for DC and
1200 KV for AC, requires testing with voltages up to 2000 kV and traceability of DC and
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4.8.2

4.8.3

4.84

AC signals established up to 1000 kV. For switching and lightning impulse
measurements, it is necessary to study impact on measurements due to proximity
effects, corona, front oscillations, divider topology and measuring cables. The highest
test voltages surpass 2500 kV for lightning impulse testing, 4000 kV for extreme cases,
and the traceability is typically available up to 700 kV. New methods need to be
developed to linearly extend traceability further. Large measurement systems are
strongly affected by corona and proximity effects, and generally methods to handle wave
shape distortions, like front oscillations and losses in measurement cables, need a
revision. Providing traceability for these measurements is especially challenging in the
case of impulse voltages above megavolt level. Traceability is also lacking for voltage
dividers and measuring systems for composite and ¢ ed voltage tests. During these
tests, a high impulse voltage is applied to the test n addition to continuous high
AC or DC voltage.

HV transformers and reactors

Loss measurements on large transfor d reactors are
measuring systems that rely on extre
connected to advanced power meters.
manufacturers to measure the active pow i han 3 % at a

power factor that may be 0.0

rmed using complex

factor of 3. Individual compone ibre i suitable for the calibration of
such systems and at present the ati s in Europe that provide a
calibration servi is. purpose ici . uncertainty smaller than
0.01 % in rati i

HV Compone

lators, instrument transformers, capacitors
h typically includes, in addition to

gs about significant logistical and technical challenges with
complex i i emes. For instance, high-capacitive test objects such as
power cable f capacitors can be tested after their installation on-site using

Some measurement challenges in high-voltage testing

Non-destructive testing techniques for commissioning or preventive maintenance
VLF resonance testing methods

Linear extension of lightning impulse voltage beyond 2500 kV level

Traceability for voltage dividers and measuring systems for composite and
combined wave shapes

e Traceability for UHV component testing up to 2000 kV
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4.9

e Loss measurements of power transformers, and high voltage capacitors and
reactors

DC grids and applications

Over the last two decades, a paradigm shift in our way of dealing with energy generation
and consumption has increased the attractiveness of local DC grids as an extension to
traditional AC distribution networks. Renewable energy sources (RES) such as wind and
solar energy are becoming more reasonably priced, and consequently, distributed
generation is growing. Simultaneously, LED lighting has wn to be a much more
efficient way of illumination compared with the old-fashi incandescent lamps and have
taken over the market very rapidly. Many of these s able technologies are
fundamentally DC, requiring power inversion to ¢ the AC grid. Furthermore,

to less energy wasted in the conversio
to what extent many promises of DC gri
can be reduced by means of localisation, v
substations can be reduced, the

implementation of renewable € ade more simple, or if distribution
losses can be reduced.

ess. Investigations eeded to determine
be fulfilled, for exa whether losses
he number of

d for metrological support
ide, and realistic and well-

DC grids is currently unclear, on-site

DC trial grids to determine which

, arging stations, battery storage systems,
ns, and different grid topologies, with voltage and
several hundreds of amperes respectively. The
ith target uncertainties below 0.1 % considering the
er disturbances. Special measurement equipment and
y to conduct the required surveys for setting compatibility
will be the basis of future “planning level” surveys carried out
°Q levels in future DC networks.

by utilities to manag

A second important issue regarding DC grids is the accurate measurement of power and
energy for billing purposes. In most countries, electricity meters are type tested with
respect to standards issued for AC grids only. Therefore, there is a need to investigate
additional specific metrological aspects of DC meters, which should be included in a future
revision of this standard. Examples of such aspects are magnitudes of ripple currents and
voltages existing in range up to tens of kilohertz, the immunity of DC energy measurement
against such ripples, how to measure the energy contained in such ripples, the losses due
to cables, etc.
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Traceability is an essential part of ensuring customer confidence for emerging DC grids,
but is presently non-existent for DC power and DC PQ and not defined yet as a classified
service category in the context of the CIPM MRA.

4.9.1 Some measurement challenges in DC grids and applications

e Equipment specifications and methodologies for PQ “compatibility level” and
“planning level” surveys in LVDC

On-site measurement data for proper sets of DC PQ parameter definitions
Quantify the overall practical benefits of DC grids

Test waveforms for conformity assessment of electricity meters

Electrical figures of merit of fast (DC) EV charging stations

Characterisation methods regarding efficiency and state of typical DC
applications: LEDs, railway systems, battery charging storage processes
including state of charge and health, etc.

4.10 Grid integration

Seamless grid integration of t wables and storing technologies is
a key element in addressing ¢ onisation, decentralisation and
digital transformation. The key objective paintaini stability while taking into

s and shortage patterns,

Measurement concepts for Power-to-X processes

Measurement concepts for storage processes

Measurement concepts for charging processes, e.g. EV

Additional metrological challenges following stakeholder consultations and
reviews

5 IMPLEMENTATION ROADMAP

An implementation roadmap will be developed once the initial SRA has been enriched and
updated with the findings of the stakeholder consultation. The implementation roadmap will
be part of the final SRA document.
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6 CONCLUSION

A concise conclusion will summarise the findings of the final SRA.

7 GLOSSARY

CIPM MRA
Weights a
DSO Distribution

EDSO i 3 for Smart Grids
EMN

ENTSO-E S stem Operators for Electricity

ESMIG
EURAMET
EURELECTRIC

ole Enery Source

ROCOF Change Of Frequency

SAMU d Alone Merging Unit

SCADA Supervisory Control And Data Acquisition
SEG Smart Electrical Grid

SRA Strategic Research Agenda

TSO Transmission System Operator

VLF Very Low Frequency

UHV Ultra-High Voltage

UTC Universal Time Coordinated
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