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before, during and after the change. The voltadecarrent
ABSTRACT waveform was captured for 200 ms with a sampling
frequency of 10 MHz once every 10min during a 24rho
period resulting in 144 snapshots for every stagee
measurements were done at the point-of deliventtfer
hotel.

Harmonic studies in almost all cases are limitedthe
frequency range up to 2 or 2.5 kHz. In the freqyenage
above 2 kHz, almost no standards exist and measuntsm
are rare. This paper presents measurements oftiigesmsn
from a total installation in the frequency ranged@150
kHz. A physical model (electrically full-scalepalomestic
customer was built in the laboratory. Field measneats

were performed on a medium-sized hotel. The imphct
different types of lighting is shown to be small. '(\:Agé_snljﬁlégENTS FOR A  DOMESTIC

All lamps used in the experiments were low-powetda
lamps, with a power factor around 0.6.

INTRODUCTION

In the frequency range between 2 and 150 kHz, dlnms
standards exist and therefore measurements arésgvart the root sum square over all components in thiguacy

of our group’s on-going effort to increase the kienige on range has been determined for every captured wawefo
voltage and current distortion in this frequencyge, The results for 2-9 kHz are shown in Figure 1 fer tour
measurements were performed of the emission of a g.anarios:

domestic customer. These measurements were paats of
series of experiments to study the impact on thenbaic 2
emission of the replacement of incandescent lanmyps b +

electronic lighting [1]. " A R
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A detached house was reproduced as a full-scattrietd B e i B h
model in the laboratory using real domestic equipma Ll Bt A A
108-minute switching pattern was defined represgritie 1ol N 4 . |
different types of equipment that are in use witloeestic ' o e
customer during the course of a day. The voltagg an L

current waveforms were captured over a 200-ms windo ¢ gf%*f*ﬂ ; e
with a sampling frequency of 10 MHz every minuteidg B
the 108-minute experiment. The experiment has been o8- o
repeated for four different lighting loads, nextte normal
equipment present in a house.

In the scenario named “past” all lights were o2l 00— b

2—-9KkHz
To quantify the emission in the frequency range 2 kHz,
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mcandescent.. . Figure 1 the root sum square of all componentshi ¢urrent

In the scenario named “present” half of the ligiiase between 2 and 9 kHz for the four scenarios

been switched to CFL's.

For the scenario “future” all the remaining incasnt In this frequency range we see a modest increase in
lights were replaced with 7-W LED lights and akéth  gistortion (minutes 20 through 45 and 60 throughtig®
CFL's were left as they were. highest values occur when the kitchen equipmedti(ition

For the “far future” scenario all lights were 7-VED cooker and dishwasher) are operating. The shifinfro
lights. incandescent lamps to CFL and LED lamps does risult

) ) o some increase in current distortion, but no sigaifi
A second eXperIment was made at a medium-sizediihote increase. This increase may be due to an incread®i

Sweden [1]. All incandescent lamps at the hotelewer 5ctyal emission or in an increase of the curresodied by
replaced by LED and CFL lamps. Measurements ware do  the equipment due to distortion of the backgrouoitage
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in this frequency range. In the latter case, thesg@nce of
CFL and LED does actually reduce the voltage distorn
the grid.

A remarkable observation is that during the figf bf the

This also explains at least in part the higher eslfor the
“Past” scenario.

Above 95 kHz the level of emission is dominatedthoy
guantization noise, for all four scenarios.

measurement period (when the heat pump is on) the

distortion is highest for “far future”, where fdre second
half (when the heat pump is off) it is highest ffuture”.
This confirms the complex interaction between emdpt
in this higher frequency range.

9-95 kHz

The spectrum of the high frequency distortion fbe t
current measured at the delivery point was caled!tdr the
108 waveforms. The 95% value for each of the fraqiss
is displayed in Figure 2. The mean components iaiele
at the lower end of the spectrum up to about 15 RiHese

Emission from a group of lamps

The current drawn by one group of 12 individual psmvas
measured separately for the four different scesanml the
result is shown in Figure 3. This current was mesbat
the same time as the total current discussed bdforawo

of the scenarios “Past” (all incandescent) and Faure”

(all LED) the level of high frequency current measliat
the terminal of the group of lamps is nearly contstiring

the 108-minute measurement.

The level for the scenario "Past”, where the loanisists of

components show a minor decrease when replacing the only incandescent lamps, is almost exclusively twe
incandescent lamps. There are also some componentsquantization noise. As was shown in Figure 2, the

visible between 20 and 30 kHz, around 50 kHz aodraat

55 kHz. The component around 50 kHz doubles from

“Past” to “Far Future” but is barely visible in tBeenario
“Future”.
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Figure 2 95% value of the current 9-95 kHz for fiver different
scenarios

The overall highest values are found in the “pas€nario
but the highest value for a single frequency istbat 50
kHz in the “far future” scenario. The emission fbe four
scenarios is quite similar, which would suggest the
impact on the grid from the lamps is small. A pbksi
explanation for the reduction in emission for thetomer is
the increased amount of capacitance with moderpdam
This would result in the high-frequency emissicowfing
between neighbouring devices instead of into tla gr

The flat part of the spectrum above about 35 kHz

corresponds to the quantization noise. The higiegl lof
quantization noise for the scenario “Past” is doehe
higher scale needed for the measurements, as trentau
are higher in this scenario with only incandesdantps.

guantization noise in the “Past” scenario is alteide the
level for the other scenarios. The reference Iével the
guantization noise) in Figure 3 is thus about Haflevel
for the “Past” scenario, i.e. about 0.25 A.

For the scenarios “Present” (combination of incacdat
and CFL) and “Future” (combination of CFL and LED¢
total high frequency current distortion betweens®-kHz
shows large steps. The largest steps correspomdthret
switching on and off of the computer and the taliewi. The
minor drop between 45 and 50 minutes corresporuthgt
period when two 20-W dimmable CFL’s are switchefd of

For the “Far-Future” scenario (only LED) the lex@inains
constant, like for the “Past” scenario, but atghbr level. It
appears to be the interaction between the lampk &DH
LED) and the other equipment that causes thesernstr
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Figure 3 the root sum square for all frequency congnts
between 2 and 150 kHz for a group of 12 lamps ferftur
different scenarios

The high-frequency part of the total current flogviinom
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the installation into the grid is shown in FigureBuring
certain periods the replacement results in a réstuch
emission, whereas the emission increases duringr oth
periods. There appears to be no correlation between
variations in total emission (Figure 4) and thessmin from
the 12 lamps (Figure 3).

Figure 4 the root sum square for all frequency conmgnts
between 2 and 150 kHz for the total load for the fditferent
scenarios

To get a better view of which loads and which fregies
are responsible for the variations in the distorpattern in
Figure 3 and Figure 4 a spectrogram is used. Atgpgram
of the total load current and the current drawthgygroup
of 12 lamps for the two scenarios “future” and ‘fiature”

is shown in Figure 5. For the total load currerg tivo

scenarios are similar, the levels for “future” acenewhat
higher but the patterns are the same.

For the current drawn by the group of 12 lamps the
difference is visible as in Figure 3. The composeait45
kHz and 90 kHz shown in the “future” scenario mietly
originate from the lamps themselves as they ariblgis
throughout the measurement period, the dark bleasan
the top and the bottom of the spectrogram for thiafnps
corresponds to the time where the lamps were tuffiefls
these components are not visible in the “Far Fiture
scenario they are most likely emitted by the CFL'’s.

For the “far future” no single frequency componést
visible for the whole duration when the lamps araé¢d on
indicating that the LED lamps do not emit high fiegcy
currents to the same extent as CFL’s. The TV antpcter
seem to emit both a broadband spectrum around 2 @uixéH
a narrowband component at 55 kHz. This narrowband
component is visible in the “far future” scenargoveell but
with lower amplitude. The two 20-W dimmable CFLigie
a disturbance throughout the frequency range, msisie
in the spectrogram of the current drawn by theveedmps
in the “future” scenario, due to the sharp edgeeduly the

dimmer. This spectrum from the dimmable CFL'’s isreno
visible when the heat pump is off, as are the aomss
around 50 kHz originating most likely from the irdion
cooker. The heat pump, when connected, seems to be
shunting some of the high frequency currents ethiitethe
other loads and when disconnected some of thosentsr
reach the lamps instead.
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Figure 5 Spectrogram 2-150 kHz for the total loadrent for
scenario Far Future (upper left) and Future (loweft) and for
the current drawn by 12 lamps for scenario Far Fet(upper
right) and Future (lower right)

MEASUREMENTS FOR A HOTEL
A second experiment was made at a medium-sizedlihote
Sweden [1].

The 95% value of the high frequency current for ohine
phases before and after the shift is presentemjiné-6 and
Figure 7
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Figure 6 95% value of the current in the frequersnyge 2 to 9
kHz before (red curve) and after (black curve) ¢hange from
incandescent lamps to energy efficient lamps
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Figure 7 95% value of the current in the frequerayge 9 to 70
kHz before (red curve) and after (black curve) ¢hange from
incandescent lamps to energy efficient lamps

The overall level of the emission has slightly e&sed for
the entire frequency range but the narrow band oot
at 23 kHz is no longer visible after the replacenwdrthe
lamps. The most likely explanation is that the leadtting
this specific frequency component is turned offiniyithe
time the second round of measurements were made.

Above 70 kHz the level of emission is less than the
quantization noise both before and after the regptent of
the lamps.

POWERLINE COMMUNICATION

In Sweden and in many other countries the poweslare
used for remote reading of the power meters, skecal
Automatic Meter Reading (AMR). The frequencies used
Europe for AMR via the power grid are 9-95 kHz, lwit
some exceptions. This is the same frequency rafiga o
used for the switching of the active power eledtsrin
energy saving equipment. One concern has therbfae
that a large number of CFL'’s of LED lamps could édnawn
adverse impact on power-line communication [2]

The results presented in this paper support theryhe
presented in [3] that the emission from end-usaigent
will not be the main challenge for the communicatignd-
user equipment forming a low impedance path for
frequencies between 9-95 kHz could be a far morerse
problem.

CONCLUSIONS

Modern energy saving lighting can emit high frequen
currents, CFL's more so than LED'’s but the higlyérency
currents emitted by modern energy saving equipsestns
to flow between equipment to a higher degree tbasartds
the grid. Both a slight increase and a slight desedn the
overall emission level have been observed withediffit

lamps.

In the frequency range 2 to 150 kHz equipment aath b
emit and shunt high frequency currents making the
interaction between loads quite complex. Individual
frequency components propagating to the grid with h
enough amplitude to disturb for instance automaiéter
reading have not been found during this project.

The measurements done in this project as well 48]in
support the theory that modern energy saving ecqeipm
like CFL's and LCD TV'’s lowers the impedance fogher
frequencies and in that sense decreases the ligheincy
distortion on the grid. The model calculations preed in

[4] and the laboratory measurements on a lighting
installation [5] reach the same conclusion.

High frequency currents shunted by small end-user
equipment could pose a threat to the function @it th
equipment. For this reason future immunity leseuld

be based on permitted levels for power line comoatian.

Overall the conclusion from this study is that the
replacement of incandescent lamps by low-powemfact
CFL’s or LED lamps does not result in potential thig
emission levels in the frequency range above 2 Klitznot
possible to draw any conclusions from this studyulbhe
impact of high-power-factor lamps.
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