Workshop 2 — Part 2
Monday 12.10.2020 — Friday 16.10.2020

» Session 4
» Mitigation possibilities for power quality and operational issues in relation to RE integration in distribution networks (part 3)
» Voltage unbalance and traction with its impact on RE generation

» Session 5
* Inputs to system operating guidelines (part 1)
» Changing reactive power control modes
» Operating RE generators during n-1 conditions
 Curtailment of RE generators due to high frequency
» Impact of day-ahead power forecasts at DSO level

» Session 6
* Inputs to system operating guidelines (part 2)
» Changing reactive power control modes
» Operating RE generators during n-1 conditions
 Curtailment of RE generators due to high frequency
» Impact of day-ahead power forecasts at DSO level

Pre-recorded sessions released on Monday 12.10.2020
QA session: Monday 19.10.2020




\Voltage control

 Keeps the voltage with the
droop setting.

» Voltage control is a control
function controlling the
voltage at the POC.

* Droop/on slope of 4 %
means

« Voltage drop of 4% before
full Q-export

* or, Voltage rise of 4% before
full Q-import
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Power Factor control

Power factor control

» Keeps the power factor
constant

« Power Factor Control is a
control function controlling
the reactive power
proportionally to the active
power at the POC. v

 This is illustrated in the R
figure by a line with a

Q control
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constant gradient.
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Constant Q control

Power factor control 4 Q control

 Keeps the reactive power N s
(MVAr) constant g : /

e Q control is a control '
function controlling the _— W§
reactive power supply and
absorption at the POC
Independently of the active ductive -,: : Capacitive
power and the voltage. Qimport \ : s

e This control function is \/ >

llustrated in the figure as a Reactive power
vertical line.
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*| Synchronous Machine - Nine-bus Systerm\G2.EImSym
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Mvar

Basic Data
Description

Short-Circuit VDE/IEC

Simulation RMS
Simulation EMT

Protection

Power Quality/Harmonics
Reliability

Generation Adequacy

Optimal Power Flow
Unit Cormnmitment
State Estimation

General Operational Limits Advanced Automatic Dispatch

EISplnnmg if circuit-breaker is open

Domﬁmm-hmxmmusm

External Secondary Controller |/ # | .

Vaoltage 1,025 Py,

Angle deg

Prim. Frequmqum - MW/Hz

Local Controller

Actual Dispatch
Active Power (act.)
Reactive Power (act.)
Apparent Power (act.)
Power Factor (act.)

Two of the DG in Constant Q mode
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|Graphic. Nine-bus System
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*| Synchronous Machine - Nine-bus System‘.G3 ElmSym X
MQ' Basic Data General Operational Limits Advanced Automatic Dispatch
e ;; Description |:| rlull:-l:mahusupen Local e
=3 || short-Circuit vDE/IEC
a3 .
g3
i -
Simulation RMS Di t Actual Dispatch
|| simulation EMT gt Bl Defouk o= Active Power (act) 85, MW
Bus & e Protection Reactive Power {act.) 10,9 Mvar
: . Active Power e Apparent Power (act) 8569603
284 M Fawer(hulrtyﬂhmmmcs ) — - Fa:tnr{a:t.] qwm 5
$ Reliability Reactive Power 109 Mvar o
T S s 1 | Generation Adequacy Voltage L
ey kst Cieiy Risakan Angle deg The third DG in Voltage control
g 1| optimal Power Fiow Prim. Frequency Bias [0, | -l'-‘l’-’d-‘l'lz mode
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Basic Data
Description

Short-Circuit VDE/IEC

Simulation RMS
Simulation EMT

Protection

Power Quality/Harmonics
Reliability

Generation Adequacy

Optimal Power Flow

*| Synchronous Machine - Nine-bus System\G3.EImSym
General Operational Limits Advanced Automatic Dispatch
[C] Spinning if circuit-breaker is open
[[] Out of service when active power is zero

External Secondary Controller

External Station Controller

X
Local Controller I Cancel i
I ng:g > I
EE] N Jumpto ...
=] -
Actual Dispatch
Active Power (act.) 85 MW
Reactive Power (act.) 10,9 Mvar
Apparent Power (act.) 85,69603 MVA
Power Factor (act.) 0,9918779 i

The different reactive control modes can
Iz be accessed in the drop-down-menu.

Unit Commitment
SR St Setpoint for the third DG at 1,025 p.u.
Min. Voltage Setpoint p-u. Max. Voltage Setpoint II' p-u.
.‘.‘ | DIgSILENT Mine-bus System |Project: PF Example |

i

[Graphic: Nine-bus System
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iy || Unit Commitment
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i +/- 50 Mvar
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Active Power Control (® AC Load Flow, balanced, positive sequence I@
| Advasiond Options (O AC Load Flow, unbalanced, 3-phase (ABC)
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: (@) — 4 —®— 9 PRLON S— Load/Generation Scaling [] Automatic tap adjustment of phase shifters 5
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Base case Load Flow during N-1 gives at the third DG:
49,3 Mvar

1,013 p.u.

and at the furthest bus in the radial feed:

0,928 p.u.
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Synchronous Machine - Nine-bus System\G3.ElmSym * X
Basic Data General Operational Limits Advanced Automatic Dispatch
| Description Local Controller | Const.Q [v| | [T
I —
Short-Circuit VDE/IEC
Jumpto ..
Extemal Secondary Controller | ¥|[# | ..
Extemal Station Controller vl
Simulation RMS 0 | Di
Simulation EMT it Mciche Active Power (act.) 85, MW
us 8 || Protection = Reactive Power (act.) 10,9 Mvar
) . Active Power = Apparent Power (act.) 85,69603 MVA
. .?u'm‘vﬁhmm Ronchiie Panics Power Factor (act.) 0,9918779  ind.
Reliability
2=t | Generation Adequacy Voltage 1,025 pu
18 / Loading . | = Hosting Capacity Analys Angle 0. deg
i 3 qF Optimal Power Flow
s Unit Commitment
e State Estimation ) - -
The third DG is set to constant Q at its
= maximum 50 Mvar
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Base case Load Flow during N-1 gives at the third DG:
50,0 Mvar (forced to its maximum)

1,035 p.u.

and at the furthest bus in the radial feed:

0,952 p.u. (supported by the control mode action)
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| Project: PF Examgle |
| Graphic: Nine-bus Systes
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Extemal Secondary Controfler ¥ |[#] .. i i
External Station Controller =#] .
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Protection Reactive Power (act.) 10,9 Mvar
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q...,::._ 4] I [ Park Control System (dynamig) | @ 1.Base Case
! n &5 2.1 IEC 60909 Shor
I N 2 ) @ 2.2 Complete Shor
e e] X 2 L A : - - : @ 3.1 Power Curve
B & Six wind turbines in a wind farm with the e,
F @ reactive power control modes on station e
ot level, “Park Controller” @ 4.4P-QDiagram 2
\::_', @l 4.5 P-Q Diagram a

@5 4.6 V-Q Diagram
@l 4.7 V-Q Diagram ¢
@ 5. Harmonics

@@ 6.1 UVRT Simulati

WG 1w

!
!

e " - " @M 6.2 UVRT Simulatii
@l 7. Park Controller
| | l | @l 8. Probabilistic Lo
E o . i . s . % E & & Pn
= = = = i il Upoc 0.900 p.u.
ot @ r‘ @v }i @' 3 @ i @ i Upoc 0.925 p.u.
" oy oy R ia Upoc 1.000 p.u.
= " il i Upoc 1.075 p.u.
wia w1 Wz waz W ita Upoc 1100 p.u.
Eate 15
k5 = W% 4 Network Variations
} 5 5 5 « i
W WG WA ;

WS WS W

[ Wind Turtine Comerci 1.2 | [ Wind Turbine Conwoi 1.1 | [ Wind Turbine Conrel 2.1 | [ Wind Turbine Conwrol 2.2 | [ Wind Turbine Conral 2.3 | [ Wind Turbine Conrol 2.4
[ W 4 »|[M\Grid { Wind Farm Substation / <
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Vg | Laadng Distinuson Meteon Subetsod | Description

5 T
l » Short-Circuit VDE/IEC
Short-Circuit Complete
Short-Circuit ANSI
Short-Circuit IEC 61363

T Wit Farm Swney

1uil'.u_-

| AD

Static Generator - Wind Farm Grid\WTG 2.1.ElImGenstat

General Operational Limits Advanced Automatic Dispatch

] Reference Machine Local Contraller Const. Q

[C] Out of service when active power is zero

Egmd Station Controller [%|[# ] ...id\Park Controller (steady-state)

The external station controller settings have precedende over those of the local controller.

x

4 Study Cases

& 2014-11-03 10:04
@ 1. Base Case

& 2.1 EC 60909 Shor
2.2 Complete Sho
@ 3.1 Power Curve
@8 3.2 Losses Analysi:
@ 4.1P-Q Diagram 2

Dispatch Actual Dispatch @ 4.2 P-Q Diagram a
Simulation RMS . 2 @ 4.3 P-Q Diagram a
wutode [Pt v|la] | AP - 2sww .
Simulation EMT D Reactive Power (act.) 0, Mvar : ::; z—g gfagum a
E 2 Active Power 25 |mw rent P L. 5 MVA -Q Diagram a
Power Quality/Harmonics _| :"'“ W ekt iy : @M 4.6V-Q Diagram
_ ower Factor (act.) 1, ind. iz
Reliability Power Factor | 1. | ind. V| Scaling Facbortact] 1 @l 4.7V-Q Diagram ¢
: e L @ 5. Harmonics
Generation Adequacy Voltage 1, peu. @@ 6.1 UVRT Simulatii
s on er |
| Optimal Power Fow Prim. FrequencyBas [0 | MW/ o= 5. Probabiltic Lo
o &L EF || vekcomimen samgfucer (1| -
3 | .! E1RE: State Estimation i Pn
= = il Upoc 0.900 p.u.
i @ i @' it Upoc 0.925 p.u.
& - ; .. i Upoc 1.000 p.u.
E Each wind turbine is connected to the i Upoc 1.075 p.u.
[TRE L 11 . i Upoc 1,100 p.u.
[£] * E | J: External Station Controller
e L 4 Network Variations (
[ Wind Turbine Conwoi 12 | [ Viind Turbine Conmoi 1.1 |
AP~ W 4> M\ Grid { Wind Farm Substation / [Ic
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Station Control - Wind Farm Grid\Park Controller (steady-state).ElmStactrl

Basic Data
Description

[ Wind Turbine Conbol 12 | [ Vind Turbime Conwal 1.1 |

General Distribution

Control Mode Voltage Control Phase
Controlled Node Reactive Power Control
. Power Factor Control
® User Selection | tan(phi) Control Station Controller - |
() Automatic Selection
Controlled Node |/ #| ... id\Wind Farm) Substation\Busbar
tagesepore [ Jpu
[]Enable Droop

The Control Modes are accessed through
the Station Control

LJ

4 Study Cases

| Info & 2014-11-03 10:0
=8 1. Base Case

= 2.1 |EC 60909 Sho
T 2.2 Complete She
@l 3.1 Power Curve
58 3.2 Losses Analysi
@ 4.1 P-Q Diagram |
@l 4.2 P-Q Diagram |
@ 4.3 P-Q Diagram i
@ 4.4 P-Q Diagram
@ 4.5 P-Q Diagram |
@ 4.6 V-Q Diagram
@l 4.7 V-Q Diagram
B8 3. Harmonics

@ 6.1 UVRT Simulati
@ 6.2 UVRT Simulati
@ 7, Park Controller
@Sl 8. Probabilistic Lo

4 Operation Scenarios
il Pn
il Upoc 0.900 p.u.
i Upoc 0925 p.u.
il Upoc 1.000 p.u.
it Upoc 1.075 p.u.
ia Upoc 1.100 p.u.

4 Network Variations
< Wi R
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— ey Basic Data General Operational Limits  Advanced Automatic Dispatch
B e
Veigge | Lasdrg Distecuson Meteen Butsised | Description Reactive Power Operational Limits
L e

C _ Capability Curve  [¥](#] ... TG 2.5MW SOHZLibrary\WTG Capability 4 Study Cases
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aipe Short-Circuit VDE/IEC Scaling Factor (min.) % & 2014-11-03 10:0

Wl A
L e Jumpto.. | | @ 1-BaseCase

S Short-Circuit Complete 5 Scaling Factor (max) % & 2.1 |EC 60909 Shot
| a:: viina Fam sunad | STOME-Circuit ANSI @ 2.2 Complete Sho
i’.‘.‘. - Active Power Operational Limits Capability Curve @l 3.1 Power Curve

@l 3.2 Losses Analysi
Min. o, Imw @ 4.1 P-Q Diagram :
@ 4.2 P-Q Diagram ¢
Simulation RMS Max. MW @M 4.3 P-Q Diagram :
Simulation EMT Pn 2,5002 MW W @ 44 P-Q Diagram:
’ & 4.5P-Q Diagram i
P T i A
ower Quality/Harmonics p : Rating S 46V-Q D!agram
Reliability @&l 4.7 V-Q Diagram «
Max. MW @8 5. Harmonics
Generation Adequacy i e @ 6.1 UVRT Simulati
Camys Rating Factor [:I -1.000 0,333 0,333 1.00800 @M 6.2 UVRT Simulati
Optimal Power Flow @l 8. Probabilistic Lo
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Workshop 2 — Part 2
Monday 12.10.2020 — Friday 16.10.2020

» Session 4
» Mitigation possibilities for power quality and operational issues in relation to RE integration in distribution networks (part 3)
» Voltage unbalance and traction with its impact on RE generation

» Session 5
* Inputs to system operating guidelines (part 1)
» Changing reactive power control modes
» Operating RE generators during n-1 conditions
 Curtailment of RE generators due to high frequency
» Impact of day-ahead power forecasts at DSO level

» Session 6
* Inputs to system operating guidelines (part 2)
» Changing reactive power control modes
» Operating RE generators during n-1 conditions
 Curtailment of RE generators due to high frequency
» Impact of day-ahead power forecasts at DSO level

Pre-recorded sessions released on Monday 12.10.2020
QA session: Monday 19.10.2020



