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Introduction

» Power electronic-based equipment are \ [~ 7] Refrigerator™\ erect
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increasing in residential low-voltage Computer,
networks Lamps,...

« Basis: These equipment exhibit capacitive o Amplification
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of harmonics
Resonance
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Electric :
vehicle J

Network harmonic impedance from various public LV network measured at
busbar

behaviour in the 100 Hz - 2 kHz frequency
range

- Consequence: They interact with
distribution transformer impedance
producing harmonic resonance

« Harmonic resonance: higher impedance
magnitude

« Effects: Harmonic resonance amplifies
prevailing emission levels

1Z{| in Q —

« Need: Accurate models of household
equipment to analyse resonance

characteristics and harmonic propagation 5 =
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Introduction

* Generic models do not adequately represent: ° ll °
— time-varying mix of household equipment RT[) R2 RTH RZ
— evolution impact of such mixtures on - Variant 1 Variant 2
resonances [13C2= LT CZ/—é'
[, (e,
Work’s focus
« To identify time-dependent mix of household
equipment . .
o Time-
» To analyse the evolution impact of such _ dependent | Household Network-level
mIXtUI’eS On I’eSOHanCES ( EVOIUtion h |Oad mixtures Simulation
« To model such mixtures for network-level ___Impact
simulation study
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Modelling approach

Simultaneous connection of many devices

Time-dependent combination of devices: morning,
noon, evening, and night

Load demand at fundamental frequency also
changes

Device operation state decided by two factors:
user's manual control and internal operating point

LED lamp: only manual operation
PC/Laptop: manual and internal

Device selection in a load mixture: probabilistic turn-
on time and operational duration—customer
behaviour dependent
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Probabilistic turn-on times of various household devices
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Modelling approach

e Each device's front-end is designed Device (D) Devi(?e name Past _(A) Pregent (B) Future (C)
as non-power factor corrected (pfc), : Rehaerator Fese Passr:ff/f e :E;g
assive-pfc, active-pfc, and passive T T ncandescent L TTTTTTTTTom oo s R
P ¥ P P {3 'ncﬁgiepsscem Passive N/A NA
- Evolution-wise, the topology of Ly CFL N/A n-pfc NA
devices have changed N\ 5 LED ] NA_____] n-pfe/apfc____n-pfe/a-pfc /
6 PC n-pfc p-pfc/a-pfc a-pfc
- Example: lamps have changed from 7 Laptop N/A n-pfe n-pfe
pPa ssive to n-pfc/ p-pr/ a-pfc 8 Hotpclzgek/;/\r/ater Passive Passive Passive
« Approach specified in [1], provides ; Induction stove  N/A a-pfe a-pfe
different time-dependent load > i npre o nepidiacpie - apie
] P i ) 11 Hair dryer Passive Passive Passive
mixtures and used in this work 12 Vacuum cleaner  Passive  Passive/n-pfc n-pfc

Load scenarios

« 9 scenarios: three different loading

Evolution stage

condition (|OW, average, and peak) ) | (low demand) Il (average demand) Il (peak demand)
for past, present, and future Past (A) D1 +Dag Da1+Das +Dis Dar+ Das*Das*Dag
scenarios Present (B) Dg1+Dgy+Dps*tDgs  Dp1+Dpgp*tDps+DestDgg  Dpi+Dpa+Dpy+DestDpetDpgt+Deg
Future (C) Dc1#+DcotDes Dci#+DcotDes+Des Dc1#+DcptDestDegtDeo
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Modelling approach

TECHNISCHE

Load mixtures are recreated in
laboratory conditions

Measured impedances for harmonic
frequencies is fitted into RL| | RLC
using curve-fitting

Cumulative error between measured
and fitted impedance is given by:

| Z _ (0

3 |&fit Zmes

- 100 %
o

= |_mes

Ry, R,, and C, majorly influencing
resonance
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Measured and fitted impedance of a load mixture
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Simulation results

Simulation of two networks [2]: Network harmonic impedance simulated at busbar for different load scenarios
— Urban network’ 630 kVA’ 180 users [—TA IB---IC—TIA - TIB---IIC —IIIA - IIIB - - -IIIC —ext]
— Rural network, 250 kVA, 30 users _ Rural network Urban network
L O O TR T O WO O > i P LR To3 ! I !
 Load parameters for each scenario applied ¢ | 7 - =
to all customers Bl o el E SEEEScessc=s
. . ﬁ e | | ﬁml I- gy I. ——srcc-=n- |
* NO resonances in paSt SCenarios for a” 00 500 -1000 1500 2000 00 500 .1000 1500 2000
load conditions (solid) Fin Hz = finHz -
: T
« Resonances are possible for present (dot) ! 3
. k= =
and future (dashed) scenarios < 1k
« Magnitude ratio betvyeen the actual and 0 oL o rooe 1m00 2900
extrapolated busbar impedance kj py is Fin Hz - fin Hz —
used to quantify resonances
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Simulation results

Urban and rural networks

« Present and future scenario have equal likelihood for
resonance

« Low and medium loading conditions yield stronger
resonance intensities

* Increase in loading reduces resonance frequency and
intensity

Comparison

« Lower resonance frequency and higher resonance
intensity in urban networks

« This is due to higher number of customers and
shorted cable length
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Resonance characteristics for various load scenarios

Urban Rural
, fr fr
Scenario (H2) kA px (H2) ka bk
1A
IB 608 1.47 810 1.32
IC 656 1.3 881 1.23
A
1B 412 1.27 569 1.25
Inc 251 1.15 352 1.17
HA L L
1B NA Y NA Y 358 Y 114
11[®: 284 1.15 413 1.18
oresoen 7\
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Field measurement results

« Time-dependent characteristics of Time-dependent resonance characteristics at a PoC in a residential LV network
resonances
« Resonance magnitude highest at night 12—
sleep time
( P ) . 2z \ o
« Load demand increases from night to 08 N
T
day 2 06—
+ Resonance magnitude decreases from o
night to day .
« Consistent characteristics for two g~
i Oct 03
consecutive days . oct ot s os 1 12 M 16 2

Time in hours —

Frequency in kHz —

« Consistent with the simulation results
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Summary

« Frequency-domain impedance models for household mixtures representing different time-
dependent and evolution stages are derived

 Likelihood of resonances increases in present and future scenarios

« Urban networks are prone to slightly severe resonance compared to rural networks

Future works

» More load mixtures to be recreated and measured in lab

 Disparity in user behaviour: random distribution of load mixtures to different households
« Device tolerance and manufacturer disparity: uniform distribution of load parameters

« Flexible reference public low-voltage network

TECHNISCHE 3. Konferenz des Interessenverbandes Netzimpedanz o
UNIVERSITAT . oresoen &\
DRESDEN Dresden, 02.11.2021 Slide 10 concept W 4



Important references

[1]). Dickert and P. Schegner, “A time series probabilistic synthetic load curve model for residential customers,”
2011 IEEE PES Trondheim PowerTech Power Technol. a Sustain. Soc. POWERTECH 2011, pp. 1-6, 2011.

[2] Malekian, K. ; Safargholi, F. ; Kich, K. ; Domagk, M. ; Meyer, J. ; Hoven, M.: Characteristic parameters and
reference networks of German distribution grid (LV, MV, and HV) for power system studies. In: ETG Congress
2017 - Die Energiewende, 2017.

TECHNISCHE 3. Konferenz des Interessenverbandes Netzimpedanz o
UNIVERSITAT . oresoen &\
DRESDEN Dresden, 02.11.2021 Slide 11 conce L N



Thank you for your attention

IEEH \

DRESDEN

TECHNISCHE 3. Konferenz des Interessenverbandes Netzimpedanz o
UNIVERSITAT _ N\
DRESDEN Dresden, 02.11.2021 Slide 12 concept W 4



