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ABSTRACT
In order to assess residential exposure to electric and
magnetic fields caused by PLC-based smart meters (SM)
time domain measurements of electric field strength and
magnetic flux density were carried out in several positions
in different buildings, including detached one-family
homes and apartment buildings. The measurement
positions were chosen in order to obtain typical (i.e. living
room, bed, etc.) as well as worst case (close to distribution
box) exposure data. SM types operating in the CENELEC
A (36 kHz – 95 kHz) as well as in the FCC (150 kHz –
500 kHz) transmission band were considered. The
obtained measurement data were assessed based on the
reference levels for general public exposure according to
ICNIRP’s 1998 and 2010 guidelines, respectively. Smart
meter related magnetic and electric field exposure in areas
were persons typically stay (> 20 cm from walls and any
components connected to the electric installation) were
found below 0.15% and 0.5% of the limits, respectively.
Very close to distribution boxes and close to the smart
meter, exposure may reach the order of 1-2% of the
applicable
limits.
Overall,
the
measurements
demonstrated that personal exposure caused by PLCbased smart meters is very far below present exposure
limits, however, it can be a significant fraction of usual
residential background exposure (particularly close to
distribution boxes and the smart meter, respectively).

INTRODUCTION
The roll-out of smart meters (SM) sometimes causes
concerns about the extent of personal exposure in electric
and magnetic fields (EMF) caused by these devices. Even
if the number of customer complaints is very limited and
the expected level of EMF exposure caused by voltages
and currents of the SM signal is very low [1], such
investigations are required in order to provide solid data
about this issue.
Power Line Communication (PLC)-based SM technology
presently deployed in Austria is typically operated
according to EN 50065-1 in the so called CENELEC A
transmission band (frequency range 36 kHz – 95 kHz).
However, with a view on potentially higher transmission
rates, some field test installations with PLC-based SM
using the FCC band (150 kHz – 500 kHz) for data
transmission have also been implemented recently. The
SM are generally installed in the residences of the
customers, e.g. in the distribution boxes of detached
houses, or in separate metering rooms (containing several
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SM) in residential buildings with several apartments. The
data exchange with the SM is controlled by a Data
Concentrator (DC), typically installed in the supplying
secondary substation. For the purpose of communication
the SM and the DC inject sequences of voltage signals
(peak level up to 1.6 V) onto the distribution lines
(between L1 and N) in which the data to be transmitted is
encoded following a standardized Orthogonal Frequency
Division Multiplex (OFDM) scheme in the respective
frequency band. Depending on the impedance of the
distribution network corresponding electric currents in the
distribution lines inside the residences and between the
residences and the substations are resulting. Consequently,
these voltages and currents are causing electric and
magnetic fields in the operating frequency band of the SM
(36 kHz – 95 kHz or 150 kHz – 500 kHz) contributing to
the total residential EMF exposure.
In order to collect SM-related EMF exposure data inside
residences measurements of electric field strength and
magnetic flux density were carried out in several
residences (3 different buildings) and the resulting SMrelated exposure was assessed with respect to the exposure
limits published by the International Commission for NonIonizing Radiation Protection (ICNIRP) in 1998 and 2010,
respectively [2], [3].

MATERIALS AND METHODS
Considered Smart Meters
In two of the three considered buildings SM (Siemens
TD3511) operating in the CENELEC A transmission band
are routinely installed. For the duration of the
measurements an additional SM (Landis + Gyr E450 S4
G3) operating in the FCC transmission band was
provisionally installed in the distribution box and in the
meter room of the two buildings, respectively. While
routine data transmission of real life SM operation took
place in the CENELEC A band, transmission of dummy
data was initiated in the FCC band during the
measurements in these two buildings.
The SM type (Sagemcom T210-D-r) installed in the
distribution box of the third examined building can be
operated in the CENELEC A as well as the FCC frequency
band, and measurements of electric and magnetic fields
were carried out in both modes in this building.

Examined Residences and Measurement positions
Measurements of electric field strength and magnetic flux
density were carried out at different measurement
positions in several different residences (Table 1).
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Residence

Pos.

Description

ground floor, in front of SM (door of distribution box open)
A1*
A2
ground floor, kitchen, d 10 cm to wall in which distribution box is installed
A3
ground floor, living room (piano), d 1 m to next electric installation
A4
ground floor, living room (sofa), d  1 m to next electric installation
A: one-family house (ground floor
and upper floor), SM in
A5
ground floor, terrace, d  4 m to next electric installation
distribution box in ground floor
A6a
1st floor, sleeping room, head end of bed, d  25 cm to next electronic device
A6b*
1st floor, sleeping room, middle of bed, d  1 m to next electronic device
A6c
1st floor, sleeping room, feet end of bed, d  0.75 m to next electronic device
B1
ground floor, in front of SM (door of distribution box open)
B: one-family house (ground floor
B2
ground floor, kitchen, d 0.75 m to wall in which distribution box is installed
and 2 upper floors),
B3
ground floor, living room (sofa), d  1 m to next electric installation
SM in distribution box in ground
B4+
1st floor, child’s room (middle of bed), d  1 m to next electric installation
floor
B5+
2nd floor, sleeping room (middle of bed), d  60 cm to next electric installation
C1
stairwell between ground floor and 1st floor
C2
apartment in 1st floor, corridor, d  20 cm to distribution box
C3
apartment in 1st floor, living room, d  0.75 m to TV set
C: Apartment building (ground
C4
apartment in 2nd floor, corridor, d  20 cm to distribution box
floor and 4 upper floors),
SM in meter room in basement
C5
apartment in 2nd floor, living room, d  0.75 m to TV set
C6
storage room in 4th floor, d  20 cm to distribution box
C7
room in 4th floor, d 1 m to next wall containing electric installation
*
measurements during SM operation in CENELEC A band only
+
measurements during SM operation in FCC band only

approx. distance
to SM
0.05 m
0.5 m
4m
5m
12 m
3m
3.5 m
4m
0.2 m
1.2 m
5m
6m
9m
3m
6m
8m
9m
10 m
16 m
16 m

Table 1: Examined residences and measurement positions

Measurement Method and Equipment
In all considered measurement positions, time domain
measurements of the electric field strength E and magnetic
flux density B were carried out and the obtained
measurement data was recorded for further postprocessing. For the E-field and B-field measurements an
active monopole antenna 3301B and a shielded active loop
antenna 6507 (both antennas from EMCO Elektronik,
Germany) were used, offering an operating frequency
range 9 kHz – 30 MHz. The analog output of the antennas
were connected to a digital oscilloscope RTO 1024 (Rohde
& Schwarz, Germany) and stored at a sampling rate of 200
MS/s. In addition, E- and B-field measurements in the
frequency range 5 Hz - 400 kHz using the 3-axes analog
output of the isotropic E-/B-field meter ESM 100
(Maschek Elektronik, Germany) were carried out in all
considered measurement positions.
In order to obtain an isotropic measurement result for the
B-field when using the shielded active monopole antenna,
three consecutive measurements with the antenna oriented
in three orthogonal directions were performed in all
measurement positions (figure 1). E-field measurements
with the active monopole antenna were carried out with
vertical orientation of the monopole only. With all antenna
orientations the incident fields were observed and recorded
over a period of several seconds in order to ensure that a
minimum number of SM transmission burst (>10) were
included for further analysis.
In addition to the time domain measurements, frequency
selective measurements of incident E-field (9 kHz –
3 GHz) and B-field (9 kHz – 300 MHz), using the SRM
3006 measurement system (Narda Safety and Test
Solutions, Germany) were carried out.
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The overall measurement uncertainty was analysed taking
into account the characteristics of the used measurement
equipment and the applied measurement methodology,
and could be estimated to be lower than ±30%.

Figure 1: Shielded active loop antenna consecutively
positioned in 3 orthogonal orientations in order to obtain
a quasi-isotropic response, computed as the root sum
square of the three separate measurement results.

Exposure Assessment
From the recorded E- and B-field time domain
measurement data Exposure Indices EIE and EIB were
computed using the weighted peak method [4], [5], which
takes into account phase relations of different spectral
components and therefore avoids potential systematic
overestimation of exposure when applying a simple
summation of spectral components without taking into
account phase relations. Presently available ICNIRP
guidelines require the consideration of exposure limits for
avoiding so called (non-thermal) stimulation effects up to
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10 MHz, as well as exposure limits for avoiding thermal
effects in the frequency range above 100 kHz.
Consequently, for E- and B-field recordings from SM
operation in the CENELEC A band only exposure indices
EIE,nth and EIB,nth concerning non-thermal effects were
evaluated, while for E- and B-field recordings from SM
operation in the FCC band exposure indices EIE,nth and
EIB,nth as well as EIE,th and EIB,th concerning non-thermal as
well as thermal effects were evaluated for the assessment
of exposure.

Figure 3 shows examples of recordings of the magnetic
field caused by the SM signal, measured with the shielded
active loop antenna, i.e. measurement bandwidth 9 kHz –
30 MHz. Obviously, the amplitude of the magnetic field is
not constant and changes even within the duration of a
single signal seqeunce, which can be interpreted as a
consequence of a dynamically changing network
impedance.

RESULTS
Signal characteristics
Figure 2 shows a typical time domain recording of the
magnetic field immediately next to (d = 5 cm) one of the
SM operating in the CENELEC A band. The uppermost
plot (a) depicts the time course as measured with the
isotropic E-/B-field meter, i.e. with a measurement
bandwidth 5 Hz – 400 kHz. Plot (b) shows the same data
after applying a bandpass filter with corner frequencies of
10 kHz and 200 kHz, respectively, i.e. the actual magnetic
field burst caused by the SM. Plots (c) and (d) show signal
details during the signalling sequence with stepwise
increased zoom factor of the time axis.

Figure 3: Examples of time domain recordings of the
magnetic field, measured with the shielded active loop
antenna (9 kHz – 30 MHz).
Finally, figure 4 depicts typical signal spectra of the
electric and magnetic fields caused by the SM (measured
immediately next to the SM).

Figure 4: Spectra of incident magnetic field caused by
and measured close to the SM.
Figure 2: Example time domain recording of the
magnetic field immediately next to a SM operating in the
CENELEC A band (details, see text above figure).
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It is noted that the shape of the signal spectra may change
significantly over time and location of the measurement
position as a consequence of the fact that network
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impedance does not only vary over time but also over
frequency, and the current distribution over different
branches of the residential installation is also depending on
local network load characteristics.

Resulting personal exposure
The highest obtained SM-related temporal peak values of
magnetic induction in areas where persons typically stay
(> 20 cm from walls and any components connected to the
electric installation) were 46 nT during SM operation in
the CENELEC A band and 13 nT during SM operation in
the FCC band, and were found in position B2. Maximum
SM-related temporal peak values of electric field strength
in these areas were approximately 0.8 V/m and did not
show a significant difference between CENELEC A and
FCC band operation. Closer to the SM and/or distribution
boxes, the SM-related temporal peak values of magnetic
induction and electric field strength reached 270 nT and
2.5 V/m (5 cm from SM operated in CENELEC A band),
respectively.
Figure 5 summarizes the results of exposure assessment in
terms of the exposure indices EIB,nth and EIE,nth for the
magnetic and electric field strength, respectively.

Figure 5: B- (top) and E- (bottom) field exposure in
terms of exposure indices EIB,nth and EIE,nth caused by the
SM in the considered measurement positions.
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The obtained results clearly demonstrate that in areas
where persons typically stay (> 20 cm from walls and any
components connected to the electric installation) the
resulting exposure concerning (non-thermal) stimulation
effects according to [3] is typically < 0.15% and < 0.5% of
the applicable limits for magnetic induction and electric
field strength, respectively. Very close to distribution
boxes (close to the smart meter) SM-related exposure
indices reached values slightly above 1%.
Evaluation of exposure indices concerning thermal effects
EIB,th and EIE,th in case of SM operating in the FCC band
yielded values less than 0.009% (B-field) and 0.003% (Efield) of the applicable exposure limit, even at a distance
of not more than 20 cm from the SM. At larger distances
to the SM and to components of the residential electric
installation, where persons typically stay, the EIB,th and
EIE,th were found to be < 0,0005% and < 0,0007%,
respectively.
Moreover, the results indicate that magnetic flux density
and related exposure caused by transmissions in the FCC
band are lower than the corresponding values measured
during transmission in the CENELEC A band. Although
less clear, a similar trend was observed also for electric
field strength and the related exposure indices.
Figure 6 depicts all obtained B- and E-field exposure
indices versus distance of the respective measurement
position to the SM.

Figure 6: Exposure indices for B- (top) and E- (bottom)
field versus distance to the SM.
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From this analysis it appears that magnetic field exposure
is better correlated with distance to the SM than electric
field exposure, and that, with increasing distance from the
SM, the electric exposure index EIE,nth dominates over the
magnetic exposure index EIB,nth.
Even though the results presented above clearly show that
the EMF exposure caused by PLC-based SM is obviously
very low compared to the applicable limits, the question of
its quantitative contribution to the overall exposure in
residences investigated in this study might be of interest.
With respect to the dominating exposure concerning (nonthermal) stimulation effects the relative SM-related
contribution to the overall magnetic field exposure index
varied in the range 5% - 50% in areas where persons
typically stay and reached values up to approximately 70%
at 20 cm from distribution boxes. For electric field
exposure the corresponding relative contributions were 5%
- 60% in areas where persons typically stay and up to
approximately 40% at 20 cm from distribution boxes. It
has to be noted that all three residential sites examined in
this study are representing low levels of exposure from
other sources. The relative exposure in all cases was
evaluated during periods of non-intensive use of
electricity. The use of powerful appliances or converters
emitting distortions in the range of harmonics as well as in
the range of some kHz causes exposures at several times
higher levels but still far below the ICNIRP-reference
levels for safety. In such cases the relative contribution of
the SM to the overall residential EMF exposure will
therefore be significantly lower than the percentages given
above. In the close vicinity of residential distribution
boxes containing meters the exposure caused by Ferraris
meter is higher than the Exposure cause by the signals of
the smart meter [1].
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CONCLUSION
Based on measurements in representative positions in
several residences in three different types of buildings, it
can be concluded that the electric and magnetic fields
caused by PLC-based smart meters in areas accessible for
the general public are very low and the resulting personal
exposure is only a small fraction of the applicable exposure
limits. In areas were persons typically stay (> 20 cm from
walls and any components connected to the electric
installation) the resulting smart meter-related exposure
were found below 0.15% and 0.5% of the limits for
magnetic and electric fields, respectively. Very close to
distribution boxes and close to the smart meter exposure
may reach the order of 1-2% of the limits. A tendency of
lower exposure caused by smart meters operated in the
FCC band (150 kHz – 500 kHz) compared to smart meters
operated in the CENELEC A band (36 kHz – 95 kHz) was
observed.
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