
 24th International Conference on Electricity Distribution Glasgow, 12-15 June 2017 
 

Paper 1285 

 
 

CIRED 2017  1/5 

ELECTROMAGNETIC INTERFERENCES IN SMART GRID APPLICATIONS:  

A CASE STUDY WITH PLC SMART METERS AND PV ENERGY GENERATION  
 

 
 Dominique ROGGO     Rodolfo HORTA    Lino CAPPONI  

HES-SO Valais-Wallis – Switzerland  HES-SO Valais-Wallis – Switzerland  HES-SO Valais-Wallis – Switzerland 

 dominique.roggo@hevs.ch Rodolfo.horta@hevs.ch Lino.capponi@hevs.ch 

 

 Loïc EGGENSCHWILER  Fabrice DECORVET  –  Cédric PELLODI  Franz BUHOLZER 

 HES-SO Fribourg - Switzerland Services Industriels de Genève - Switzerland Landis+Gyr  

 loic.eggenschwiler@hefr.ch fabrice.decorvet@sig-ge.ch franz.buholzer@landisgyr.com  

 

 

ABSTRACT 

Measurements on a LV distribution grid section equipped 

with smart meters have shown that photovoltaic energy 

production has an impact on power line communication 

systems. An interferences analysis method based on 

simulations with frequency scans of equivalent circuit 

models of the LV grid section, including active infeed 

converters, mains communicating systems and loads is 

presented. The proposed method is described and 

evaluated with simulations and measurements realised on 

a simple laboratory setup.  

INTRODUCTION 

Power Line Communication (PLC) is used to transmit 

data from Smart Meters to a Data Concentrator located at 

MV/LV transformer station. Distributed energy resources 

(DER) are interfaced to the distribution grid with a power 

electronics converter. The fast switching of converters 

generate Non Intentional Emissions (NIE) in the 3 to 95 

kHz CENELEC A band, designated for PLC dedicated to 

grid control and load management applications. 

Overviews on Electromagnetic Interferences between 

smart meter and power electronics are presented in a 

report published by the CENELEC SC205A [1] and in 

[2]. EMI linked to DER are investigated in [3] and [4].  

 
Fig. 1: Case study EM Interferences between PLC and DEG 

With the project ‘CEM-Smart grids’ we aim at 

developing tools for EMI assessment, which are easily 

accessible to Distribution System Operators (DSOs). The 

presented method is based on simulations in frequency 

analysis mode with an equivalent circuit of the LV 

distribution grid section, including key components and 

active or passive loads. Specification of components 

parameters for the equivalent circuit, on the basis of 

calculation or measurement on the grid section, is at the 

heart of the process. 

FIELD MEASUREMENTS 

Within the canton of Geneva, the distribution of 

electricity, gas, water and district heating, in both urban 

and rural zones, is the responsibility of the Services 

Industriels de Genève (SIG). In  order  to  improve  the  

operation  of  the  network,  reduce cuts off times, or  

access to dynamic billing,  SIG  are evaluating solutions 

for the distribution network  automation.  A distribution 

line carrier technology had been tried and tested with 

success in the urban environment of the city and canton 

of Geneva in the 1990’s already. [2]. More recently, SIG 

launched an evaluation program for Smart Metering. A 

LV distribution section with several PV power plants was 

selected in the rural area of Avusy in order to investigate 

possible Electromagnetic Interferences between PLC 

transmissions and DER. More than 60 smart meters from 

three different suppliers were installed in houses supplied 

by a LV feeder starting from Avusy MV/LV transformer 

station. Two PV energy production plants are installed in 

the first building along the feeder, one with a 10kW 

string inverter, the other with 24 micro-inverters for a 

total 5.4 kW power. Trial tests and measurements are 

realised on the Avusy site in partnership with Swiss 

Federal Office for Energy, SIG and Landis+Gyr, a smart 

meter supplier. 

 

 
Figure 2: LV distribution grid section in Avusy (IPD stands for 

distributed energy production) 
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PLC transmission quality with FSK modulation 
Electric values which could impact the PLC signals 

transmission where simultaneously measured at the data 

concentrator coupling point (PCC in the MV/LV 

transformer station) and at the smart meter level (IPC in 

the residential building). PLC signals levels and Non 

Intentional Emissions were measured while the PV 

inverters where connected or disconnected from the LV 

grid section. The spectral grid impedance in the 

frequency range 2 to 150 kHz was measured on-line with 

a self-developed grid impedance meter [11].  

 
Fig. 3: Measurements set points in Avusy pilot site 

The complex signals transferred through the physical 

layer between the SM and the DC, with G1-PLC 

protocol, could not relate with the transmission 

performance in function of the DER inverters status. A 

simplified routine based on periodic requests sent from 

the DC to the SM gave a better picture of the PLC 

communication performance. As shown on Fig. 3 and 

TABLE 1TABLE 1TABLE 1, PLC communication was 

slower and less efficient during sunny periods of the day, 

and worked better as soon as the string inverter was 

disconnected from the feeder. 

 
Fig. 4: Transmission quality of FSK PLC for Smart meter in 

function of the PV energy production. 

TABLE 1 : FIELD TESTS RESULTS IN AVUSY SITE  

 Description 

NIE levels 

dBμVrms 
PLC 

Quality 

% 

Zh,

min 

Ω 16kHz 65kHz 
DC PV1 OFF, PV2 OFF 84.7 115.6 60 4.29 

 PV1 ON, PV2 OFF 101.5 114.6 47 4.47 

 PV1 OFF, PV2 ON 90.3 115.8 80 4.53 
 PV1 ON, PV2 ON 103.9 114.5 44 4.31 

SM PV1 OFF, PV2 OFF 92.1 98.3 60 2.09 

 PV1 ON, PV2 OFF 116.6 96.3 47 1.98 
 PV1 OFF, PV2 ON 89.6 87 80 2.34 

 PV1 ON, PV2 ON 115.6 94.6 44 2.25 

 

Specific influence of the parallel connection of PV 

inverters on measured noise or on the spectral Grid 

impedance Zh could not be clearly established, as too 

many unknown equipment are connected to the operative 

LV grid section. Measurements at the common point of 

connection in MV/LV station, showed that other 

equipment than AIC were a source for interferences 

(ballast for lighting or UPS). In order to focus on the 

impact of PV inverters on PLC communication, we took 

step back to our laboratory where all equipment can more 

easily be characterised and controlled.  

INTERFERENCES ASSESMENT METHOD 

Technical studies characterising PLC performance in 

their application are presented in [3, 6, 7]. Standards for 

the evaluation of communications systems based on Line 

carrier techniques are now available. The objective of the 

CEM-Smart Grids project is to inform Distribution 

Systems Operators (DSO) and to develop a new EMI 

assessment method for the installation designers and 

Smart Grid and EMC components suppliers. The 

proposed method is based on simulations with an 

equivalent circuit model of the considered LV grid 

section run in frequency analysis mode. As summarised 

in table I of [3] equipment connected to the grid can 

either source Non intentional Emissions [NIE] at carrier 

communication frequencies, or passively ‘absorb’ PLC 

signals with low impedances. Both phenomena can be 

modelled with frequency scans through R-L-C 

components based circuits. Finding the correct model 

parameters for grid components, consumer’s loads or 

inverters in CENELEC A band is challenging. In 

opposition to LV lines, cables and transformers, 

consumer’s loads are seldom specified. AIC belong to 

fixed installations and DSO have an access to types and 

number of PV inverters installed. In function of market 

conditions, a limited number of inverter models are 

installed in a region. A database with PV inverters 

models including harmonics emission and grid interface 

characteristics can be established with the help of 

suppliers. The analysis of an EMC filter circuit for a 

market micro-inverter is shown as an example on fig. 5. 

The frequency dependant impedance seen from the grid 

shows resonances in the CENELEC A band, which could 

affect PLC systems significantly. Oscillations generated 
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by another inverter type at ca. 15 kHz could be amplified.  

 
Fig. 5: Simulation of the symmetric Frequency Dependent 

Impedance of PV micro inverters  

MODEL OF LV GRID SECTION  

As too many unknown equipment are creating 

interference in the real site in Geneva, a simplified model 

has been realised at the GridLab. The objective was to 

validate the modelling method for the PLC channels, 

rather than to test the PLC technology by itself. The 

GridLab model exposed on Fig. 6 differs significantly 

from the testbed proposed in [6] or in standards. The 

simplified model includes a 15 kVA LV transformer, 

underground cable section, three smart meters, one string 

PV inverter and four micro-inverters connected to PV 

solar modules. A complementary load simulates 

consumer’s loads. The circuit is decoupled from the LV 

grid through a 3 phase V-LISN according to CISPR 16. 

Despite the converters present on other feeders in the 

laboratory, a noise level below 70 dBuV was measured 

on the test feeder when smart meters and PV inverters 

were deactivated.  

 
Fig. 6: LV grid section model setup at GridLab 

GRID COMPONENTS MODELS  

A particular effort was put on creating valid components 

models for the GridLab components in the CENELEC A 

band (3 to 95 kHz) and to calculate PLC signals 

attenuation and harmonics propagation in this frequency 

range. Equivalent circuits and components parameters 

calculated for the laboratory set-up are presented here.  

LV undergrounded cables 

A 60 m long, 3 x 6 mm
2
 GKN undergrounded cable with 

6mm
2
 sheath was installed in the GridLab. The reduced 

section in comparison with the real site was considered as 

a good compromise in term of costs and handiness. The 

cable length was chosen in order to generated a +/- 1.5% 

line voltage drop at rated power, which is used for other 

investigations in the laboratory. The equivalent circuit for 

LV GKN power cables is exposed in Fig. 7.  

 
Fig. 7: LV power cable resulting model 

The formulas developed in [8] were used to determine 

core inductance Lco, core resistance Rco as well as the 

core-to-core capacity C1. Skin effects were considered as 

CENELEC A band lies above the calculated fskin. The 

other parameters were determined according to literature. 

The calculated values for the cable used in the GridLab 

model are compared in Table 2 with the values specified 

at 50 Hz by the cable supplier.  

TABLE 2 : CALCULATED AND SPECIFIED CABLE CHARACTERISTICS 

3 x 6 mm2 GKN with 6mm2 sheath Supplier Model 

Phase resistance Rco [Ω/km] 3.08 3.01 

Phase Inductance Lco [μH/km] 255 434 

Core-to-core Cap. C1 [nF/km] 340 183 

Core-to-sheat Cap. C0 [nF/km] - 80 

Sheath resistance Rsh [Ω/km]  - 3.01 

Sheath Inductance Lsh[μH/km] - 1.5 

MV/LV Power transformer model 

As only low voltage is available at GridLab the MV/LV 

was replaced by a dry 400Vac 25 kVA Dyn transformer.  

Even the dimensions of the 25kVA were known and 

frequency measurements were possible, it was decided to 

use a modelling method applicable to not measurable 

MV/LV transformers from the field. The so-called ‘Grey 

Box Model’ described in [9] proposes an equivalent 

circuit including magnetizing branch, side windings, stray 

inductances and capacitances with RLC components. The 

3-phase equivalent circuit used in our model is exposed 

in Fig. 8. The grey box model method relies on 

measurements done on typical MV/LV transformers and 

fitting of equivalent circuit components on the basis of 

the rated values of the considered transformer. The Grey 

Box model method is usually applied to oil-isolated 

MV/LV transformers. The adaption to a dry LV/LV 

voltage represented some difficulties. However the fitting 

of the LV-side diagonal element gave good results in the 
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CENELEC A frequency band. The specified, measured 

and secondary parameters after fitting process for the 25 

kVA transformer are presented in TABLE 3TABLE 3TABLE 

3. 

 

 
Fig. 8: Transformer grey-box model in the frequency domain 

TABLE 3 : GRIDLAB TRANSFORMER’S SPECIFICATION, MEASURED  

AND SECONDARY PARAMETERS AFTER THE FITTING PROCESS  

Transformer specifications   

HV rated voltage (phase-to-phase) 𝑉𝐻𝑉 400V 

LV rated voltage (phase-to-phase) 𝑉𝐿𝑉 400V 

Rated Power 𝑆𝑁 25kVA 

Coupling  Dyn5 

Short-circuit voltage ratio 𝑢𝑠𝑐 11% 

Measured values   

Magnetizing resistance (Iron losses) 𝑅𝑚 9646 Ω 

Magnetizing inductance 𝐿𝑚 1.57H 

Short-circuit impedance (at the primary side) 𝑍𝑠𝑐 0.16 Ω 

Short-circuit resistance(copper losses) 𝑅𝑚 4.44 mΩ 
   

‘LV’ side windings   

LV series resistance  RLSL  2.2 mΩ  
Resistance of the first RLC circuit  RLL1  65.6 mΩ  

Inductance of the first RLC circuit  LLL1  51 μH  
Capacitance of the first RLC circuit  CLL1  1.85 μF  

Resistance of the second RLC circuit  RLL2  9.3 mΩ  

Inductance of the second RLC circuit  LLL2  0.204 mH  
Capacitance of the second RLC circuit  CLL2  9.32 nF  

’HV’ side Winding    

‘MV’ series resistance  RLSH  3.8 mΩ  

Resistance of the first RLC circuit  RLH1  11.76 Ω  

Inductance of the first RLC circuit  LLH1  0.24 mH  

Capacitance of the first RLC circuit  CLH1  25.4 pF  

Resistance of the second RLC circuit  RLH2  19.4 kΩ  
Inductance of the second RLC circuit  LLH2  0.203 mH  

Primary to secondary coupling elements     
Capacitance   CCLH 2.14 nF  
Resistance  RCLH  6.3 Ω  

‘HV’ side Phase to Neutral  coupling     

Capacitance   CCHN 46.5 nF  

Resistance  RCHN  421 Ω  

Primary to secondary coupling elements     

Magnetizing inductance  LM 1567 mH  

Magnetizing resistance  RM  9646 Ω  

Magnetizing capacitance  CM 517 pF  

PV Inverters models 

The Pulse Width Modulation (PWM) control scheme of 

the string inverter generates NIE close to the switching 

frequency and its entire multiples: 16 kHz, 32 kHz, 48 

kHz and 64 kHz. The emission levels depend on DC 

voltage at the input of the inverter stage of the inverter 

and on the Power Factor reference in the control of the 

inverter.  Due to higher frequency switching associated to 

a patented circuitry, the considered micro-inverter 

generates extremely low NIE in the CENELEC A band, 

which could be neglected in the GridLab model. Even 

emission limits for active In-feed Converters are not 

specified yet, PV inverters are systematically equipped 

with EMC filter. Measurements and simulation of PLC 

signal attenuations due to PV inverters EMC filters are 

presented in this study case. Filter components values for 

the GridLab model are summarised in the Table 4. 

Consumers loads 

Power supplies or loads with Power Factor Control (PFC) 

or other non-linear loads with harmonics generation are 

not considered in this part of the project. In order to 

simulate light passive domestic loads, a 3-phase 

symmetrical 1.5 kVA resistive load is connected in 

parallel with smart meters in the GridLab model. The Rs 

resistance realised with wounded resistors was modelled 

with a series stray inductance Ls and a parallel stray 

capacitance Cp. The values listed in Table 4 had a very 

small damping effect on resonances. The small stray 

capacitance could not affect signal propagation in the 

CENELEC band. Consumer load and EMC-filters 

parameters were checked with the grid impedance meter.  

TABLE 4 : CALCULATED PARAMETERS FOR THE EMC-FILTERS AND 

PASSIVE LOAD IN THE GRIDLAB MODEL 

Passive Load String Inverter filter μ-inverters filter 

Rs 95Ω C1 2.2μF C1 10nF 

Ls 2.2mH L1 15μH L1 172 μH  

Cp - C2 15 μF  C2 330nF 

  L2 680 μH L2 172 μH  

Smart Meters and PLC coupling models 

A lock-in amplifier was used to simulate and analyse the 

signals attenuation between the connecting point of the 

data concentrator (PCC) and the connecting point of the 

smart meters (IPC). The amplified frequency sweep 

delivered by the generator of the lock-In amplifier was 

injected to the phase cable through a capacitive-inductive 

coupler with galvanic insulation.  

LABORATORY TESTS RESULTS 

Signal attenuation measurements were realised with the 

string inverter and the micro-inverters switched ON or 

OFF. Only passive components including the secondary 

side of the LV transformer, the GKN cable and the output 

stage of the EMC filters influenced the results on Fig. 9.  

Comparisons of simulations results and measurements 

with PV inverters activated are presented on Fig. 10. The 

String PV inverter together with the μ-inverters showed 

some -10dB attenuation in the 32 to 95 kHz band used by 

PLC. However, the PLC signal quality ratio was 100% 

successful and not affected by the inverters in this case. 
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Resonances spotting lacks of accuracy, but simulations 

show good adequacy with the measurements.  

 

 
Fig. 9: Measured signal attenuation at GridLab model 

 

 
Fig. 10: Simulated and measured impact on the PLC chanels 

CONCLUSION 

Field measurements, laboratory tests and simulation have 

shown that some inverters dedicated to photovoltaic 

energy production do interfere with power line 

communication systems. A method was presented to 

assessing interferences in the CENELEC A band with the 

help of frequency scans of equivalent circuits modelling 

LV grid components, active infeed converters and loads. 

The proposed method was evaluated on the basis of 

simulations and measurements realised on a simple 

laboratory setup. The results revealed that EMC-filters 

for PV inverters can play an important role on signal 

attenuation, if resonances are located close to the 

frequency used by the PLC system. The next steps will be 

to increase the method accuracy and to evaluate it with 

more advanced PLC modulation schemes and targeted 

EMC filtering, in collaboration with the DSO and smart 

meter supplier. By the end of the project, the DSO will 

rely on the acquired competences in measurement and 

simulation techniques and apply the method on the real 

pilot site. Depending on the success of the operation, 

useful tools will be available for the deployment DER 

production and intelligent control on LV distribution grid.  
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