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Motivation

Questions:

1. Appropriate values for 
the frequency -
dependent impedance 

2. Suitability of present 
reference impedance 
approaches for the grid 
representation

ü Overview of impedance 
behaviour in household 
environment

Definition of 
compatibility levels

Voltage

Definition of 
emission limits

Specified as current Specified as Voltage 
at a reference 

impedance

< 9 kHz > 9 kHz

Ὅ Ὢ
Ὗ Ὢ

ὤὪ

Voltage

IEC 55016-1-2 (CISPR 16-1-2) 
LISN (Line Impedance 
Stabilization Network)

IEC 61000-4-7 
(Annex B)



Grid impedance measurements in household environment
Robert Stiegler
6. Konferenz Interessensverband Netzimpedanz, 15.09.2022, Hamburg

Slide 4

Reference impedances
IEC 61000-4-7 (Annex B)

Å Emission measurements in the frequency range 2 - 9 kHz

Å Specification as loop impedance considering contribution of phase and neutral conductor

Å Adaption necessary for assessment of emission of ɊtrueɈ 3-phase devices 
(no neutral connection)

Impedance characteristicEquivalent circuit
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Reference impedances
IEC 55016-1-2 (CISPR 16-1-2 LISN)

Å Emission measurements in the frequency range 9 - 150 kHz

Å 50 ƴ / 50 ǇH+ 5 ƴ artificial mains V-network,

Å Symmetrical impedances between phase (P) ź earth (E) and neutral (N) ź earth (E) 

Å Decoupling of the EUT from the mains supply

Å Ensuring the specified impedance at the EUT terminal

Impedance characteristicEquivalent circuit

EUT

P

E
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Measurement system

Å Invasive measurement between 30 Hz and 150 kHz

Å Linear -amplifier current source

Å Excitation of the grid by injection of single frequency 
current (magnitude automatically adapted to the 
network situation)

Å Power-cycle impedance:

Å ɈClassicɉ impedance based on difference method

Å Strictly only defined in presence of linear circuits

Å Sub-cycle impedance:

Å Determination of time -varying behaviour due to 
nonlinear  devices (modulated impedance)
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Measurement principle
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Measurement locations

Å Impedance measurements at 
socket outlets in households

Å 11 households in Dresden 
area

Å Measurement in different 
rooms in each household

Å 133 measurement locations 
(socket outlets)

A

CZ

GE

CH

Overview of measured grids

Grid measurements
Household

measurements

Å Representative measurements 
in public low voltage grids

Å 13 DSOɅs

Å 32 grids

Å 76 measurement locations

Å At least one urban and one rural 
gird per DSO

Å Measurement sites per grid:

Å Transformer station

Å Junction box at farthest 
feeder

Å Optional: junction box in the 
middle of the grid

DSO: Distribution System Operator
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Comparison with reference impedances 
Grid

Å Large variation range with several distinct 
resonances

Å Almost all measurements are below 
reference impedances

ü Feasible for calculation of emission 
limit of Ɉsmallɉ devices

Å Impedance angle almost always 
resistive -inductive
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Comparison with reference impedances 
Households

Å Smaller variation range at lower 
frequencies (only 11 households in 
Dresden area)

Å Variation range increases with frequency 
(influence of loads)

Å All measurements are below reference 
impedances

Å Due to resonances higher part of 
impedances with capacitive behavior
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Influence of location
Grid

Å Exemplary measurement in one grid

Å Transformer station

Å Junction box

Å House connection terminal

Å At low frequencies (< 20 kHz):
grid side impedance (short circuit power) is 
dominating

Å At higher frequencies:
impedance of (nearby) customer 
appliances are strongly influencing the 
impedance

Å Strong resonances due to capacitive
behaviour of customer appliances 

Å Impedance at house terminal partly lower 
than at junction box

Transformer station
Junction box
House terminal



Grid impedance measurements in household environment
Robert Stiegler
6. Konferenz Interessensverband Netzimpedanz, 15.09.2022, Hamburg

Slide 11

Influence of location
Households

Å Measurements in one Household

Å Flat in a multi -family house

Å Measurement in different rooms and 
socket outlets

Å Measured phases can be traced:
rooms are connected to different 
phases

Å Diversity for each phase is smaller than 
overall diversity

Å Overall: up to factor 50

Å Per phase: up to factor 15,
distance between outlets only 
a few meters!

Kitchen (Phase A)
Bedroom (Phase B)
Living room (Phase C)
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Time dependency
Households

Å Measurement in Household over a weekend

Å Almost constant impedance at night, varying 
impedance over the day: influence of connected 
customer appliances 

Å High influence of a certain load (PC), disconnected on 
Saturday night
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Symmetry of impedance loops 
Households

Å Measurement of L -N and L-PE loop 

Å Calculation of N -PE loop with additional voltage 
measurement

Å At low frequencies significant difference between 
L-PE and N-PE
Ą Influence of grid

Å Smaller difference at higher frequencies
Ą Influence of customer appliances

Bathroom Living room


