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DG DemoNet

Keeping voltage limits by integration of distributed generation (DG)



DG DemoNet (1)
Distributed control (level control)

= Control of tap changer according to voltage
measurements from the grid (critical nodes)

= [nformation about the grid state is required
-2ICT necessary
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DG DemoNet (2)

Coordinated control (level + range control)

Control of tap changer according to voltage
measurements from the grid (critical nodes)

Control of reactive power (Q) and as a last
measurement reactive power (P)

Impact of Q/P on the critical nodes (voltage
sensitivity) are in a linearised model — the
contribution matrix

Local controller (in case of failure)

Information about the grid state is required
—2ICT necessary
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Voltage( p.u.)

DG DemoNet — critical nodes

= Nodes which have the highest or lowest voltage within a year
= Determined by offline power flow calculation based on historical

generation and load profiles

= Representation of the voltage situation in the grid during operation

Voltage drop diagram of node 83902 at max_time 8.5.2005 | 03:15
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DG DemoNet — contribution matrix

" Linearised model of the network AU, ~ A, AP + A ,AQ

= With the matrices A p[nxm]and A ,[nxm]

oU
CN>  — CN > %
oP 20
DG ) DG
\Z Appg Apup 7 Apip v Aony  Qoun 0 Aopm
aPp,, Gpp, 0 App, aPQ|z,1 Aopr " Aopm

| Aping Apinn Lpinm | Aoy Qomz  ° Qoum

for active power and  reactive power
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DG DemoNet — controller concept

= The following indicators are used:
= over voltage
= voltage band
= lower voltage

Highest network voltage

Lowest network voltage

= range: distance between highest and lowest voltage measurement

Voltage range Umin(t)-Umin(t)

/ highest network voltage
iy -
A Uu

lowest network voltage

= Two separate controllers:
= level control: tap changer position at the substation

= range control: control of Q(P) at the distributed generator
(if the range is greater than the voltage band)
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DG DemoNet — controller design
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DG DemoNet — level control

= Level control (centered)

U U EVB — Rng | Effective Voltageband
= —\u —Uu — -
set UL 2 ( max Curr) ( ) EVB = VB AUDB
AUr,p 0,011
Rng =u —-u . 2 AUnp = —
&= max ~ “min 2) DB ko 0,7
1,060
1,050 +—== =
. 1,040
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= centered 1,020 @ @ ucurr
o 1,010 = = - umax
= upper limit 71000 fame—tEm = =i = — umin
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DG DemoNet — range control

= Range control

min 3 (Q; +A0;)° (3)

AQ =1
Voltage range Umin(t)-Umin(t)

‘Ql- + AQZ-‘ < F,; tan(arccos(PF . )) (4) . / highest network vonaicz L
i e
0, +AQ;| < sy - P, (5) ‘ U

max(U; + AQAQ,) - min(U; + AQAQ;) < EVB (6)

lowest network voltage

EVB=VB—-AU __ —AU (7)
DB reserve
= standalone (without level control)

= keep within fixed voltage band
—> fixed critical node

= limit voltage rise relative to reference node
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DG DemoNet implementation (CVCU)

System architecture



CVCU system architecture

MV
Network

-0

Power
Factory

-0
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Optimisation

Minimum of a nonlinear function under linear constraints

=  Commercial optimisation library Matlab (Optimisation Toolbox)

= Intervallarithmetic (with University of Vienna)

= Open Source Optimisation library (Opt++)

= Development of an optimisation algorithm (constraints + minimum)

Matlab runtime

[] (]
[] (]
] (]
' '
v Optimization Toolbox '
' (fmincon) '
Range Controller Opimization
Opt++
Controller
Logic findoutofconstraints
Opimization _o LTl
Interface
H Intervall arithmetic
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Optimisation algorithm: principle

= Minimum of a nonlinear function under
linear constraints (Q-control) or
nonlinear constraint (PQ-control)

= convex problem

» Constraints define convex polyeder, where the valid minimum can
be found

« Minimum is always definite
= Solution by declining gradients

= Two steps to solve two different problems

1. Find the valid area
2. Optimum without leaving the area

06.03.2012
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Requirement on topology information

= |nformation about Critical Node (CN) / Distributed Generation (DG)
connection status

= feeder assignment (DG - CN)

= intra-feeder changes

0820 Graggaber . i

0.7MW H
it

0411

]

l Predlitzor
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Simulation
Real time behaviour and offline simulation



Simulation and testing

= Distribution network ,Lungau®
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Simulation and testing

= Application in planning and operation

REAL PROCESS

MV
Network _o IEC 104

Telecontrol interface

230

Real Time Sim ulatioy(

Power
Factory

SIMULATION
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_o OPC --——Offline Simulation

= com

Process Interface via SCADA

COM

e CVCU

OPC

VOLTAGE CONTROLLER
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Offline simulation

= Offline-Simulation: Simulation and analysis of functionality

= One year
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Realtime simulation

= Dynamic simulation

06.03.2012

controller cycles
latency in communication

generators and
transformer (OLTC)

Voltage (p.u.)
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Field tests

Open loop and closed loop tests



KW Anlage 1

Requirements on ICT

Overview Vorarlberg
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Communication

= GroBes Walsertal
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Field test - DG Brunnenfeld / Substation Birs

CvCU ALARM EVENTS TREND DETAILS Reload EXIT |
L
CVCU_BRUNNENFELD
cvcu KW BRUNMENFELD
SET MEAS AKS =m— .
SET SETR MEASUREMENT
Operation Mode 0 -
Sollwert OK
a [ L
Q 0.200 kVar 0.000 kVar Operation Mode 0 ‘ 0 |
P [ 0.300 kW 0.031 kW - .
- Q 0.200 kVar ‘ 0.000 kVar | 0.000 kVar ‘ ]
Cosphi i - ~ 0.000 KVA
‘ P 0.300 kW ‘ 0.000 KW | 0.000 kKW ‘
vV 1000936, Cosphi 0.0 | 0.00 '| [ 0.0000 math 'I
UMV 0.000 kv ‘ 0.000 kv '| 0.000 KV 'I
U - Emergency 0.000 KV ‘ 0.000 KV '|
—_— [ 0,000V |
Stan UL
DGNetControl.exe
(cvey) P-Alfenzwerk 0.000 kW '[
OPC - Simulation %7 DAProjects\DG DemoNetz 03.02095.1,0}\src\DGNetControl\Debug\DGNetControlexe [E=EERT]
z; deUo ltageMin;critNodeUo ltageMax;voltageLeve 1150k; TransformerUo ltageActual; TransfornerUo ltage i
SETR MEAS
Q 0.200 kVar 0.000 kar 3
P 0.300 kW -0.031 KW
UMV 100.033 KV
CN_Fixed 100.010 kV' d. upperLinit, lowerLimit, mininumTappingl.
: off RangeControl:
changed to: 0.2 me#
changed to: 0.3 LANOT 7
\ LAN020 7
« D LANO21 7
L
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Field test DG Brunnenfeld (Substation BUrs)

= Without range control
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Ll 1 I I 1
| | | | |
1.0388 | 1,08625 s | s 1 L 1 ' | A 1
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“ 1240, 1288, 1328, 1364, 1402, [s] 1439, 10 KV 55: Spannung, Betrag in p.u.
K1: Spannung, Betrag in p.u K1_NS: Spannung, Betrag in p.u.
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Field test DG Brunnenfeld (Substation BUrs)

= With range control

1,0408
1,0404
1,0400
1,0396

1,0392

1,04375

1,04250

1,04125

1,04000

1,03875

/oltage on 0,4kV side

1,03750
1.0388 | | 103625
| I 1250, 1288, 1326, 1364,
1,0384 | L K1: Spannung, Betrag in p.u.
1250, 1288, 1326, 1364, 1402, (5] 1439, ————— 10 kv SS: Spannung, Betrag in p.u.
K1: Spannung, Betrag in p.u. —— KI1_NS: Spannung, Betrag in p.u.
0,10 04154
0,00 04153
in 04152
-0,20
041591
-0,30
1250, 1288, 1326, 1364, 1402, (s] 1439, | G450
DEA_Brunnenfeld: Blindleistung in Mvar " 250 1288, 1326,

DEA_Brunnenfeld: Wirkleistung in Mw

06.03.2012

K1_NS: Leiter-Leiter Spannung, Betrag in kv
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Experiences from the field tests

= dUTap: Voltage step of a tap is not linear: 1,667% at 110kV/30kV nominal
- Depending on primary voltage and the current tap position

= Lungau: Narrow voltage band. Range not controllable and higher than EVB
- Danger of ,Hunting®: Adaption of the controller algorithm

= Different communication bandwidths and delays of measurements
- Event filtering and analysis of timestamps

= Tresholds to reduce communication bandwidth and keep the dynamic low

= Filtering of measurement samplings
= Deviations of setpoints and actual measurements — robustness

06.03.2012 27



Comparision of the tap steps

Unms _
Uynps + k - AUz p

Uys = Uns

Minimales Minimales
dUTap Ubeadband dUrap UDeadband
Nennwert 1.667% 2.000% 1,062% 1,274%
Neutralstellung
-10 Taps von 1,96% 2.35% 1,17% 1,40%
Neutralstellung
+10 Taps von 1.43% 1,72% 0,96% 1.15%

Neutralstellung
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,2Hunting effect” (wrong dUrap)
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Control strategy: Effective voltage band (independent)
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Control strategy: Full voltage band (cooperative)

r———T -~~~ T 7T ——78
S

Range control

only activates Q
when voltage

limits are to get

Vi0|ated \ 0,50 7
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,2Hunting effect” (wrong dUrap)
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Communication delay of measurements

1.06

1.05

1.04

1.03

1.02

1.01
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CVCU_MEAS_20120208_12-10-00_for_log_vis.csv/CVCU_MEAS_20120208_12-10-00_for
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Filtering

1,02

E.g.: 1min RMS

CVCU_MEAS_20120208_12-10-00.csv/CVCU_MEAS_20120208_12-10-00

AT

OF TECHNOLOGY

1,015

1,01

1,005

08.02. 14:16

08.02. 14:17
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Outlook

DG DemoNet Validation

Open und closed loop operation in ,GroBes Walsertal® and ,Lungau®
—> experiences and long term tests

Mastering different network states
—> topology recognition

Interaction with local controller
Strategies to start and stop the controller
Analyse influence of the HV grid

Interoperability with other simulation and SCADA systems
- Communication based on IEC61850

Optimise overall losses (reactive power)
Consider thermal constraints in addition to voltage constraints

Dynamic assessment of voltage sensitivity / topology
—> coupling with state estimator

06.03.2012 36
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,Range Control“: Beitragsmatrix-Konzept

U oU

oP 00
Apii Apny Apitm Aory  Aouy " Qo
aPppy  Appy 0 Appy, aFy,, ooy - Aop
| Qping Gz T Apinm | Aomy  Qowz " Aopm

= |n der Beitragsmatrix wird in der CVCU hinterlegt wie gro3 die Auswirkung
einer regelbaren Erzeugungsanlage auf die Spannungen an den einzelnen
kritischen Knoten ist (Basis fur die Verkleinerung der Spreizung)

= Entsprechend der Reihung in der Beitragsmatrix werden
Blindleistungssollwerte an die Anlagen gesendet bis die Spreizung der
Spannung der kritischen Knoten wieder innerhalb des zur Verflgung
stehenden Spannungsbandes liegt bzw. so klein ist, dass eine
Stufenschaltung (Uber den Level Controller) mdglich ist

06.03.2012
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,Range Control“: Berechnung der Blindleistungssollwerte

fr die zu regelnden Anlagen
n_DG

Minimiere Y (Q, +AQ,)?

unter den
Randbedingungen

Ueni AU oy, Ueni Aong Ao

0.94 < UC,NZ + AU,C“

UCNn Al]CNn UCNn aQM,l ann,Z T

‘Ql. + AQl.‘ < P, tan(arccos(PF min))

‘Qi +AQ1“ < \ Siz,max _Bz

06.03.2012

Uens " Aop1 Gopoy

Aoy | AQ,

Ao || AQ, <1.03
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Topologieerkennung

= Ausgehend von einem Normalschaltzustand des Netzes mussen
Anderungen der Topologie dem Regelalgorithmus mitgeteilt werden, damit
die CVCU mit dem richtigen Netzmodell (Beitragsmatrix) arbeiten kann. Die
Anderung des Einflusses eines regelbaren Kraftwerks auf die
korrespondierenden kritischen Knoten (Messpunkt) kann zu falschen
Berechnungen fuhren.

= Die Anforderungen flr den zuverlassigen Betrieb der CVCU an die
Fernwirktechnik werden in vier Stufen eingeteilt, wobei die Informationen fir
die ersten beiden Stufen unbedingt notwendig sind:

1. Kritischer Knoten (KK) oder regelbares Kraftwerk (rKW) am Netz.

2. Kritischer Knoten (KK) oder regelbares Kraftwerk (rKW) im
Einflussbereich des Umspanners

3. Anderung der Zugehérigkeit zum Abzweig eines kritischen Knotens (KK)
oder eines regelbaren Kraftwerks (rKW)

4. Dynamische Ermittlung der Beitragsmatrix nach Anderung der
Topologie

06.03.2012 41



Field test - DG Brunnenfeld (Substation Blrs)

= Set points for reactive and active power
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DEA_Brunnenfeld: Blindleistung in hMvar
DEA_Brunnenfeld: Wikleistung in MW
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