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ABSTRACT

Earlier investigations[1, 2] have shown that the inverters
of decentralized generating plants (DG) can have a nega-
tive influence on the latest generation of electronic meters.
Measurements of the energy fed into thegrid wereincorrect
by as much as 15%. Against thisbackground, theimpact of
the increasing number of decentralized generating plants
and their influence on the behaviour of smart metersis of
particular interest. Another important point isthat commu-
nication, which is of vital importance for smart meters,
should not be persistently adver sely affected by power qual-
ity phenomena.

Thispaper discussestheinitial results of an ongoing inves-
tigation of how smart meters are affected by conducted
power quality phenomena up to 9 kHz This investigation
examines and analyses a number of smart meterscurrently
onthe market. Special attention ispaid to the measurement
accuracy of the meters in connection with the inverters
which feed the energy generated by decentralized plants
into the grid and its relevance to billing accuracy. Consid-
eration must also be given to the reliability of communica-
tion, a matter of fundamental importance for the use of
smart metering systemsin future.

BACKGROUND

Electricity supply systems are fast moving awaynira
centralized structure towards a decentralized stracAs
well as the huge increase seen today in the nuofdecen-
tralized generating plants (PV, micro-CHP etc.) #relr
connection to the low-voltage grid by means of itees,

the number of power electronic devices (such asepow

supply units and low-energy light bulbs, for examis also
increasing significantly.

This already leads to widely fluctuating load sitoias with
decreasing levels of active power and increasiugl$eof
reactive or distortive power, a state of affairdahis ag-
gravated still further by the drop in the amountesistive
loads such as light bulbs. Power electronic deviaese the
frequency spectrum of the current to become mughehi
and ever wider. Changes in the direction of load flsome-
times as often as several times a day, can alsg atthe
grid connection point. Nowadays these changesaees!
by the primary energy source (e.g. solar radiatitine case
of PV plants) as well as by consumption. If in fetthese
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decentralized plants also provide system servioek as
voltage control and reactive power supply (and tieady
have the technology to do so), currents with a drioe-
guency spectrum of up to several tens of kHz aggluent
fluctuations in the direction of current and therefalso in
the direction of load flow are likely to occur atdyconnec-
tion points in future.

In practice, appropriate meters are usually iretdlt these
grid connection points. In Germany, Ferraris megaes
currently installed in 42 million households. Iretfuture
(from 2010 onwards) "intelligent meters" or smasdters,
as they are known, are to be installed in theicg@l&ecent
studies [1, 2, 3] have shown that significant maagunac-
curacies can occur when smart meters are usedasunee
the energy fed into the grid by PV plants. The $mmesaters
in these studies displayed significantly less @%b of the
real energy fed into the grid. In one case the IV(lE&un-
hofer-Institute for Wind Energy and Energy Systeetfi-
nology) laboratory identified a measurement whicasw
incorrect by almost 60%.

STANDARDISATION

At present, inverters are tested in accordance thilre-
quirements of the generic standards for resideatidlin-
dustrial environments only (DIN EN 61000-6-1 to46-
because there is no dedicated EMC product stafolatds
class of devices. These generic standards stiplitaie
values for disturbance measurements on the aliegnat
current side within the frequency ranges 0 kHz tkHz
(e.g. flicker, current harmonics, etc) and 150 kHZ30
MHz. But no limit values exist for the frequencypgae-
tween 3 kHz and 150 kHz. This means that it isentty
not possible to use a standard to assess the @ iniitefer-
ence or the interference immunity of inverters atider
clocked power electronic devices within this fregge
range.

Although limit values do exist for the frequencpge from
3 kHz to 150 kHz for certain classes of devicesvis
with power-line communication or induction hobs) §,
these limit values have not applied to PV invertgrsintil
now. As far as the immunity of electricity metesscion-
cerned, product standards for meters (DIN EN 5040l
-3, DIN EN 62052-11) also leave out the frequerayge
from 3 kHz to 150 kHz.
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In this connection it is worth pointing out thaistkituation,
in respect of grid-tie inverters in particular,cigrrently a
subject of much discussion in DKE committees (DKE =
German Commission for Electrical, Electronic & Infea-
tion Technologies of DIN and VDE). The EMC behaviou
of these inverters, and possibly of all equipmdfeicéed in
this connection, can only be reliably appraised mtie
feed-in power of the inverter is taken into accoWdhen
the inverters are in stand-by mode, as is thewhea a PV
plant is not feeding in power to the grid, for exden they
behave in a similar way to other electronic loadts Vow
power levels (such as computer power supply uaits)
must be treated as such.

Contents Standar ds Applica-
IEC EN VDE bility
Harmonic
currents  for| 61000 | 61000
devices up to -3-2 | -3-2 0838-2 | Mandatory
16A
Voltage fluc-
tuations, flicker| 61000 | 61000
for devices up| -3-3 | -3-3 0838-3 | Mandatory
to 16A
Harmonic
currents  for| 61000 .
) - - Informative
devices -3-4
over 16A
Voltage fluc-
tuations, flicker| 61000 .
) - - Informative
for devices| -3-5
over 16A
Voltage fluc-
tuations, flicker| 61000 | 61000
for devices up| -3-11 | -3-11 0838-11 Mandatoryl
to 75A
Harmonic
currents  for| 61000 | 61000
devices 312 | 312 0838-12 | Mandator
up to 75A

Table 1: Application of various standards with refece to current

As the primary energy supply increases, the inkes@itch
from stand-by mode to feed-in mode. They must new b
treated as active equipment which is feeding eriargpthe
grid (e.g. DIN EN/IEC 61000-3-2). If the feed-inroent
exceeds a value of 16 A, a different standard iestsed
when considering the permissible limit values farrhonic
currents (DIN EN/IEC 61000-3-12). Table 1 giveoaar-
view of the various standards. In this connecttdn also
important to remember that many of the standaras us
today were created for conventional loads and oiotHe
inverters for decentralized plants considered is plaper.
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THE PROBLEM AND THE PROCEDURE

Against the background of the information givenwaddhe
authors of this paper ask to what extent curreiits lngh
harmonic content lead to incorrect measurementhef
energy taken from or fed into the grid when smagtars
are used. Another important aspect for considerasiche
impact on the reliability of communication whichagen
based on power-line carrier (PLC) technology, fer last
mile" at least. Secure and reliable communicat®rofi
paramount importance for the economic use of smaters

in future.

In order to develop a test set-up, the availahldies on
incorrect energy measurements were examined il teta
identify the influential factors involved. Againtte back-
ground of these findings and the phenomena destribe
above, a test signal was developed and an exist#tget-
up for smart meters was then modified at TU Dortchun
University. The aim of the investigations was teess the
quality of meter behaviour with regard to negatimpacts
on their energy measurement and communication dapab
ties.

Influential factors[1]

Modern PV inverters often generate a sinusoidal-fae
current with the aid of clocked semi-conductor beisl and
using pulse width modulation. Filter networks vathooth-
ing inductors and capacitors are used to supphnessiack
frequency. In very low-resistance grids, currentisibn
may occur between the smoothing capacitor and tiice g
impedance (current divider). Part of the high-fregy
ripple current now flows into the low-voltage grich the
meter and causes the meter to malfunction as obdésee
Figure 1). The observed clocked ripple current ahynPV
inverters lies within the frequency range betwekH3and
150 kHz for which present standards contain not liral-
ues. Figure 2 shows the frequency spectrum of suned
ripple current by way of example.
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Figure 1: Current division of the clocked ripple raumnt. [1]
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Figure 2: Section of the frequency spectrum obtieerved ripple
current [1]

This behaviour was not observed in high-resistamate
works or with measurements with the EMC grid impeza
simulation prescribed in applicable standards.ds &lso
possible to prove that there is a relationship betwthe
magnitude of the ripple current and the malfunétigrof

affected meters.

TESTSCENARIO / MEASUREMENT SETUP

A test scenario was developed against the backdrmfithe

facts described above. The test setup is operatbdive

mains voltage from the laboratory network of the Dtrt-

mund University ensuring that the voltage wave shiap
realistic. The load situation was simulated ushrgé¢ ana-
logue four-quadrant power amplifiers made by Roharet
operated as electronic loads. The power amplifiegee

controlled by an ARTES 460 protection relay testem

made by KoCoS and used here as a signal geneféor.

signal generator provides a three-phase rectangialas
test signal making the power amplifiers cause aregilar
wave signal with an rms value of 2 A per phase.rEetan-
gular-wave current input ensures coverage of acbhea
quency spectrum in the current (see Figure 3).

Harmonics —

Figure 3: Frequency spectrum of the current

The phase relationship between voltage and cuwest
chosen to ensure that the load flow direction cbangeri-
odically (see Figure 4). There is no simple medranying

the grid impedance with the chosen test setufHigeee 5).

The following graph shows a section of the actiosver
recorded with the EPPE C8 power quality analyser.
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Figure 4: Recorded active power
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Figures 5: Measurement setup
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A WT3000 high-precision power analyser made by ¥oko
gawa was used as the reference device. Four diffelec-
tronic meters currently on the market were useD@ss.
They included the meter which has already shoveyiry
larities on a number of occasions [1, 3] and adsechFer-
raris meter. A bi-directional PLC communicatioreiriace
can be tested with one of the meters. The powditguas
monitored with an EPPE C8 power quality analyseh @i
built-in energy meter made by KoCoS.

MEASUREMENTSRESULTS

The whole measurement lasted for a period of 16Bsho
The amount of energy measured by the meters (65 kWh
corresponds to the values of the reference dewidmé
with the accuracy of the individual meters. The swee-
ment results for the amounts of energy fed intdaken
from the grid (this measurement is not possibleatbthe
meters used) were also within the permissible nreasent
uncertainties of the individual meters.

The test of bi-directional PLC communication did reveal
any negative impact. It was possible to read ot @ahout
error and switch a relay across the same distance.

SUMMARY
The measurement results do not show any unacceptabl
impact on the meters or measurement results. Neid®it
possible to identify a negative impact on the Pb@muni-
cation observed during the present investigatidiis €on-
firms the results of the analysis of the influehfactors.
Only a coincidence of certain factors leads toiticerrect
measurements observed. These factors are listed:be
e acertain meter
e the "right" combination of output circuit filter dn
the respective low-resistance grid impedance
« the choice of an inverter with a critical clock-fre
quency at this grid connection point.

Each of the devices, meters and inverters considerthis
investigation conforms to the appropriate EMC lingilues
and regulations. However, incorrect measurements ca
occur under the circumstances described abovéstBty
speaking, the number of incorrect measurementstitos
increase as smart meters penetrate the gridustiir in the
coming years. This means that realistic immunisgstdor
meters and a limitation of the ripple currents fiet the
grid by inverters (emitted interference) in theginency
range which is not covered by any standards gbihsent
time are vital if electricity meters and invertare to inter-
act faultlessly in future. Measurement methods raisstbe
updated accordingly. IWES has already communicated
initial results of studies in this field to the appriate DKE
committees.

In practice it is extremely difficult to judge winetr or not
there is a critical combination of the various indual
factors before a decentralized generating plaptitsinto
operation. The publication of positive lists whishcur-
rently under discussion [3] seems unlikely.
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