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Challenges of voltage control

- ‘Cable action plan’ replaces the overhead lines to underground cables.

- Full compensations at two ends of the cable i.e. a fixed shunt and a tap-
able shunt

- ‘Energy policy’
« 50% electricity comes from wind energy (load covering)

e Central power plants are phased out

« Enhancement of interconnections

« Need inter flow control i.e. HVYDC ramps faster
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Cable action plan 2 Compensation of cables
-2 Voltage control in time?

The Danish electricity transmission system
ultimo 2012
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Challenges of voltage control

« ‘Cable action plan’ replaces the overhead lines to underground cables.

« Full compensations at two ends of the cable i.e. a fixed shunt and a
variable shunt

= ‘Energy policy’
 50% electricity comes from wind energy (load covering)

- Central power plants are phased out

« Enhancement of interconnections

 Need inter flow control i.e. HVYDC ramps faster
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50%06 wind power by 2020 = Conventional Power Plants
are phasing out = Voltage source is missing

.’ Trans. West East

Conv. 3,148 2,921 MW

CHP 0 0 MW

Wind 369 373 MW

) @ > 3,517 3,294 MW
Dis. West East

® @ Conv. 0 217 MW

® CHP 1,995 610 MW

® o wind 2,603 577 MW

® > 4,598 1,404 MW

Significant amount electricity from the distribution level
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Challenges of voltage control

« ‘Cable action plan’ replaces the overhead lines to underground cables.

« Full compensations at two ends of the cable i.e. a fixed shunt and a
variable shunt

e ‘Energy policy’
« 50% electricity comes from wind energy (load covering)

« Central power plants are phased out

« Enhancement of interconnections

- Need inter flow control i.e. HVYDC ramps faster
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2. Upgrade the interconnections - Flexibility

Skagerrak 4
700 MW - HVDC
NO-DK1

HVDC - VSC

COBRA
700 MW - VSC
NL-DK1
EC co-funding

- Challenging the voltage control

Norway === [N operation

=== |Under construction
Planning process
’f\ Offshore wind farm

DK1-N
DK1-N Skagerrak 4
Skagerrak 1, 2, 3\\ 700 MW DK1-SE
1,000 MW Konti-Skan
740 MW
/ Sweden
|
| ’t\Anholt
\ / 400 MW
400 MW Kasso-Tiele /, '

\ /7 DK2-SE

°
Horns Rev / 1,350/1.700 MW

B - : “
Al ( [
200 MW \ 4
160 MW, k DK1-DK2 ¥
"»if;f_-:; 600 MW .: Bornholm
| .: 60 MW
T K'.riegers Flak
i + KF-DK2
DK1-DE DK2-DE sl
DK1-NL 1,500 MW Kontek
COBRAcable A ,]L(,r\ 600 MW
700 MW 160 MWI %|B
200 MW
Rodsand

Germany

Kriegers Flak

600 MW Wind
farm offshore

600 MW — HVDC
HVDC - VSC
DE-DK2

EC co-funding




ENERGINET/DIK

c
X
o
(a)

]
o
2
5
[a]




AVC survey

ENERGINET/DK
Country :‘ct:uh:; (1::3;9 i::: Objective Controllers Inequality constraints
¥ Voltage variation at the terminal of
v Lorection ofvoltaze yviglation pilot, generators
bus ¥ | Synchronous ¥ Voltage magnitude at the sensitive
France H . ¥ Correction of terminal voltage for oenerators bus
[11, 13, 28] generators ¥ High voltage ¥ Woltage magnitude at the high-
¥ Correction of reactive power violation Capacitors voltage side of the generators
for generators ¥ Reactive power generation of
gensrators
¥ Correction of voltage violation of pilot | +* | Synchronous
bl TCIUding the cIlect Of Tofecast set generators
. points for losses minimization ¥ TSHumt v , .
:Eaé‘i H X ¥ Cotrection of reactive power violation CapacitorsRea | \égiago i{;ﬁ;t;mi s
of zones including the effect of ctors P
forecast set points for losses v" Taps
minimization v FACTs
v Maximization of the reactive power
margin on each group of synchronous v [Svochronons
generators enerators ¥ Voltage limits
Belgzium H ¥ | Minimize the switching of capacitor v = v S fimi
[43] ban] Shunt_ omponents limits
i - - - capacitors
RESHicted mief reactive powet 10w 10 | » g
neighbor systems P
. ¥+ WVoltage correction
v . . ¥ | Synchronous v Vv -
Spain Solve congestions generators Voltage Im:uts_ ]
P H X ¥ ; ; ¥+ Components limits
[44] ; ¥ Shunt reactors i o
primary for solve low-voltage problem | . Taps ¥ Auxiliary services limits
¥ Voltage limits for all nodes
Switzerland c « ¥ |Cost minimization of losses plus ¥" | Generators ¥ Voltage differences between nodes
[41] reactive power pavments ¥ T laps ¥ Reactive power flow on ties
¥+ Components limits
— —— : .
. ¥ Adaptive Pilot selection SYDCLOnous , .
China ST generators ¥ WVoltage limits
- H X ¥ Losses minimization .
[25] - ; - ¥ TTEpE ¥ Components limits
¥ Correction of voltage violation
¥ Shunts
¥"  Shunt
British v Losses minimization Sti?:mtors:ha ¥ Voltage limits for the selected
Columbia C : i - nodes
¥ Correction of voltage violation ¥ | Synchronous .
[42] condensers ¥ Components limits
v BVCs
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Conventional hierarchical AVC

(o]
Vo TVR ¢ SCADA
Vref SVR < Vp dp 4
__-~T Zone
/// P||Ot—Q—
V qe ///
PVR -«
’/
//

AVR
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Example of SVR in hierarchical AVC
/TWT]aX
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Danish AVC system in the first phase

All buses in transmission levels.

Need pilot bus?

Prioritize the controllers? Cheapest first.

What is the objective? Losses minimization? Maximize energy saving in €.

Forecast?

Reactive power schedule.

Fallback? Local control without coordination.

How to cope with RPC? Integrate RPC as a whole.

Limited effect.

DSO for power factor correction?

e Y

A et
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Centralized AVC in Danish power system

Control
Center

Shunts

Transmission system

DGC

Wind
turbine

Taps
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dok 26651-12

- Efficiently assist
operators to maintain
the voltage

e Minimize the loss in the
transmission grid
considering the
switching cost

e Locally control the
switchable shunts to
maintain the voltage if
AVC malfunctioned
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Overall structure of Danish AVC system

Control Center
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Str Closed | Fore - : :
Country uct 1 . Objective Controllers Inequahty constramts
ure oop cas
_ __ v v aniat
¥ Comection of voltage violation ultgge vanationatthe
at pilot bus L, L, terrminal of generators
France ¥ Correction ofterminal voltage ngerators v nltgge magnitude at the
H X ¥ High voltage sensitive bus
[6-8] for generators .
¥ Comection of reactive power Capacitors ¥ Voltage magnitude at the
violation for generators high-voltage side of generator
¥ Reactive power of generator
¥ Comection of voltage violation
of pilot bus including the effect
of forecastset points forlosses | v Generators
Italy H « « minimization ¥ Shunts ¥ Voltage limits
[9] v Comection ofreactive power v Transformer | v Components limits
violation of zones includingthe | v FACTs
effect of forecast set points for
losses minimization
¥ Maximization ofthe reactive
powermargin on each group of
synchronous generators ¥ (enerators . _
. - . LY
Belgium ¥ Minimize the switching of ¥ Shunt oltagelmits
H : ¥"  Components limits
[25] capacitorbarks capacitors P
¥ Restrictedimterreactivepower | ¥ Transformer
flow to neighbor systems
¥ Voltage comrection
¥ Splve congestions v (Generators v Voltage limits
Spain e i . i i ¥ -
uo| o |7 Somemmervotagvioaion | ¥ St | U Componestimits
- P - & v ¥ Auxiliary services limits
problem Transformer -
¥" Voltage limits for all nodes
v r . .
Switzerland c « ¥ Costminimization oflosses ¥ Generators ::;g;fe differences between
.. _ ] v
[14] plus reactive power payments Transformer | - Reactive power flowon ties
¥ Components limits
China ¥ Adaptive Pilot selection ¥ (Generators ¥ Voltaze limits
1] H X ¥ Lossesminimization ¥ Transformer | Com gonems limits
¥ Comection of voltage violation | v°  Shunts P
Eritizsh v Lossesminimization ¥ Shunts ¥ Voltage limits forthe selected
Cohmbia c ¥ Comection of voltage violation ¥ Condensars nodes
[25 5 ¥ §VCs v Componentslimits
v
P “z,m:f v Voltageslimits for all bus
Denmark C . . ¥ Correction af veltage violation | . S;C;MWS ¥ Componentslimits (reactive
v Maximize energy saving v VSCHVDC power reserve)
P - ¥ Costonregulations
Transformer
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Future work

Suppress the voltage violations on the sensitive buses
- Pilot bus selection method — Identifying the pairs of controllers and the target
< PMU data application — Inputs for adaptive control

- Control optimization

Integrate forecast to AVC system for obtaining a reactive power schedule

Assess the impact of D2T strategy

- Evaluate the effect of supporting from distribution to transmission grid

Algorithm for OPF calculations

- Distributed OPF processing
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Questions and comments?
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