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Overview

A Overview of the voltage rise issue at distribution networks

A Testinglocal voltage control approaches: Power Hardware in the
Loop (PHIL) testing
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Voltage rise due to DG integration
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PV integration in Germany

A Around40 GWof PVsystemsn GermanyMV F 13 GW, LVF 22 GW

A Studyat largeDSO% Main problemsdueto PVintegrationto the LVnetwork:
o Difficultyto maintainthe voltageinsidethe desiredrange(x 10%)
o Thermaloverloadingof equipment(MV/LVtransformersandlines)

A Solutionsto the voltagerise problent

o Grid reinforcement | P CiR+QC X
o HV/MV transformer with OLTC DV © &
o0 Absorption of reactive power by the DG Ve
o0 Active power curtailment by the DG
0 Use of storage systems
A Power electronic interfaces:
A Constantcos Constant Q
A Cos (P) characteristic Q(V) characteristic
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Voltage support by Distributed Generation
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PHIL test at the CIGBEechmark.Vmicrogrid

A Simulated and hardware DGs operate with Q(V) droop control
Load is reduced: Q absorption results in voltages closer to the nominal value

P in order to absorl® (according to theQ(V) droop)

A
A The hardware PV inverter operates near its nominal operating point, so it reduces
A

Fluctuations occur on the voltages
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DG

Transition from grie

connected to Island mode

PHIL testing

Storage systent:(P) V (Q)droop curves in
island mode

unitsP (flJandQ (V)droop curves
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A Excess of active power: frequency rises

A Whenthe DG units operate witR (f)
droop control, they decrease their active
power, leading to improved frequency
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Transition from grieconnected to island
mode- PHIL testing
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A The voltage reduction is mitigated by the reactive power provision of the DGs,
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PHIL tests on the interactidszetweenDG and OLT

control
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DG and OLTC interactioi32 &) control

A DG operates with cosB) control
A DG active power increases, stays constant and
then decreases
A Recurring tapchanges occur

A Good accuracy of the PHIL test
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Voltage p.u.

DG and OLTC interactiog(V)control
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A Recurring tapchanges occur

A Instability of the Q(V)controller (i.e. Oscillations): not visible at the pure
digital simulation
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DG and OLTC interactiog(V)control

A Voltage drop at the HV network
A Similarly, the oscillations are not shown at the pwiigital simulation
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Centralized Coordinated Voltagmntrol (CVL

A Optimal solution to voltage rise (due to high DG penetration) and voltage
drop (during peak load periods) problems

A Optimization problem: Mixed Integer Non-Linear Programming (MINLP)

APV reactive power
.. Cur(gntTap
A New Tap position posion

A Battery Management

A Inputs:
A Load active and reactive power
APV active power Inputs Outputs
A Battery SoC |
.. Load Actlve and -l ‘ Battery Active Power
A current Tap position e
A Outputs (operational set-points): s ‘ Optimization ‘ e
A Battery active and reactive power Sl of Chag ‘. Algorithm ‘ PV Reacve Pove

New Tap position
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Coordinated Voltage ContrqlOptimization Problem

Formulation
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Supervisory Controller testing: Proposegting
chain of Smart Grid control algorithms
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CVC validation: Laboratory Setup

CombinedHILand PHIL testin

DRTS
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The CVC algorithm was tested in pure simulation, CHIL and finally combined CHIL
and PHIL.
A The combined CHIL and PHIL setup also provided:

Insight on communication issues between the controller and the real

hardware
Validation of the CVC with real power hardware behaviour



CVC ResultHIL& PHIL simulation
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CVC ResultHIL& PHIL simulation
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A TheSoCof the BESS wasstoredto the reference level of 40% during the night to early
morninghours (12 a.m. to 9 a.m.), so that it is available for maximum charging during the
middayhours of high irradiance.

A The active power exchange of the BESS was restricted to periods of either high irradis

(charge) or high load demand (discharge), where the voltage rise/drop problems are great



CVC ResultHIL& PHIL simulation

Tap Change operations of OLTC PV reactive power exchanges

A The PV inverters contributed to voltage control by either absorbing (during hours of hig
irradianceto reduce the voltages) or generating (when an increase of the voltage is require
reactivepower.



