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See also talk of C. Messner at 35th EU PVSEC, 24 - 28 September 2018, Brussels
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VOLTAGE DEPENDANT ACTIVE AND REACTIVE
POWER CONTROL i PQ(V)

Regulations regarding Voltage Rise at PCC:
EN 50160: Yoo p b

D-A-CH-CZ Technical Rules: Y P

Reduction of Y& by control of P or Q
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HIGH PV PRODUCTION IN THE GRID
STATUS 2014

PHOTOVOLTAIK IN DEUTSCHLAND
Markus Niedrist, Fabian Cariget, Franz Baumgartner, Electrosuisse ETG Tagung, Stromnetze, 6. JRREEITERCIRTST IRl OIE 1 il Eldl,
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40 GWp (2015¢) 1.3 GWp (2015¢)

0.5 kWp/Einw.

http://strom-report.de/photovoltaik/#photovoltaik-stromerzeugung
Ferderung BRD Einspei sungceMawh 201

Stromnetze mit hohem PV Anteil, Vortrag, Tagung ETG, VDE OEVE, Zirich Nov 2014
Anmerkung: Schweiz 41 300km2 * 300 kW/km2 = 12 GW ca. 20% PV Stromanteil



https://home.zhaw.ch/~bauf/pv/talks/141106-Niederist-Carigiet-EKS-Dettighofen_ETG__Zurich_ppt.pdf
http://strom-report.de/photovoltaik/#photovoltaik-stromerzeugung
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EXCEEDING VOLTAGE LIMITS DUE TO
DECENTRALISED GENERATION

New challenges for Low Voltage Distribution Grids not exceeding voltage limits,
require Smart Inverters and Substations.
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Goal of this work: «Is the PV inverters Q(U) control stable all the time?»
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6E0.2.4 Optimisation of the Load Flow Calculation Method in order to perform Techno-Economic Assessments of Low-Voltage Distribution Grids

EFFECT OF DECENTRALISED GENERATION
THE MOVIE
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Stability of Photovoltaic Inverters Reactive Power Control by the distribution GRID voltage

SWISS FEDERARL BUERO OF ENERGY AT -
PROJECT GOALS CEVSOL (2016 TO 2019)

Cost effective smart grid solutions for

. . @é\ O\
the integration of renewable power & &
sources into the low-voltage networks @6’9 6@‘\0
Grid P O &

classes

A Most cost-effective solution = sty
for individual typical grid class. ;..

Ranking from the techno-

settlements .
y economic assessments
. . : . . illages
A Guideline for distribution ity limits
system operator (DSO) Hamlets

etc.

A Future cost expectation of
the critical grid classes.
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Stability of Photovoltaic Inverters Reactive Power Control by the distribution GRID voltage

REDUCTION OF THE VOLTAGE AT PV INVERTER
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Mitigation of over and under-voltage by the favorized inverters Q(U) control method

A Curve parametrization
A Given by DSO as static characteristics according to local grid situation
A Over excited at under-voltage, Under excited at over-voltage

A Timing parameter

A Time constant of total system response - exponential characteristics, PT1 behavior
Adjusted time constant usually 3A or 95% settled of total system response (VDE)

A Austrian TOR-D4 Standard: adjusted time constant 1A (63% settled)
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26/09/2018  Q(U) curve (Elbs; 32. PV Tagung Deutschland, Staffelstein 2017) Time Constant Definition (IEC 61850-90-7) 8



Stability of Photovoltaic Inverters Reactive Power Control by the distribution GRID voltage

Q(V) - PVINVERTER ON THE MARKET

Allowed Not allowed Not yet investigated

ABB (Power One)
AEconversion
Bosch

Delta

Dhiel

Fronius

Kaco

Kostal
Refusol

Samil Power
SMA
SolarEdge
Solutronic
Steca
Sungrow

Zeversolar

18.07.2018

List of Q(V)-enabled inverters from Voralberger Energienetze GmbH (VKW)
https://www.vorarlbergnetz.at/inhalt/at/1524.htm (effective from 01.10.2017)

Plant size <600W

Galvo, Symo, Eco

Tripower
SE4k to SE17k

Aurora Trio

All
All
Platinum
IG Plus V-3, IG 15/20/30
Powader
Piko
All
All
FLX Pro
All larger types
Solplus 80-120
All
All
Evershine TLC

Since 2015, VKW already applied
voltage dependent RPC on 2500 PV
inverters in Austria


https://www.vorarlbergnetz.at/inhalt/at/1524.htm

Stability of Photovoltaic Inverters Reactive Power Control by the distribution GRID voltage
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Q(V) CONTROL LOOP

Controller Parameters : k prop. factor, time response U
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L a zleop Q(U)fstahiity imvestigation in case of PV power plants, 6 Procn27th Eur. Photovoltaic Solar Energy, Conf.

A. Constantin and R . D.
Exhib., Frankfurt, Germany, 2012, pp. 37451 3749
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TEST SETUP AT AIT - to apply the stability test

2024 | 1856 | 2045 |

400V 20kV 400V
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AIT Test Setup i Emulation a real grid in the laboratory
26/09/2018 11
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TRANSIENT TEST OF Q(V) TIME CONSTANT SETTINGS
FOR STEPS OF SOLAR IRRADIANCE

1
A Voltage steps due to —_ TC 20s
solar irradiance steps i +'V, _Jees
S

active power feed in

+IQ TC 2s

A Inverter adjusts
reactive power and
voltage is decreased i v TC 0.5s
Ait takle&o ti me

3
A Shorter time constants 2
reduce the over voltage
faster. 3
Voltage //"
_ 1
Reactive Power
26/09/2018 TC5s TC2s TC 10s TC 20s TC O'Sﬁ

Q(V) and Time Domain - Time constant: 20s,10s,5s,3s,0.5s (for 1A)



