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New needs in Power System
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Solutions

A Overlaying UHVAC grid

get permission to build new overhead lines
Line transmission limit
Synchronized interconnected areas

A HVDC Grid

DC transmission line less costly per length
than an equivalent AC

Relevant offshore solution
Power loss reduction
Increased power capacity vs. AC

Less visual impact
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HVDC Grid Challenges

DC fault protection
Hydro
Operational voltage level

Offshore
Standardization for converter station design
Multiple - vendor interoperability

Multiple -TSO operation (ENTSOE)

Control center application
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I  State Estimation

I Topology processor
Overlaid I Control mode assignation
bC grid I Power injection control

Ancillary service such as multi-area frequency support




HVDC Grid Control Hierarchy
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Primary Control in HVDC Grid

A Power disturbance in HVDC grid

Wind Farm
Operators

A DC Voltage changes (not unique indication same
as frequency in ac)

A Voltage deviations are dependant on network
topology

A Some nodes to compensate the power change
by controling DC voltage

Need of Supervisory Controller

A To choose proper control mode

A Coordinate the converters set-points




HVDC Grid Coordination

A Real time power balancing in the DC grid

A Control mode assignment

I DC slack converter ( or droop control) for real
time mismatches

A Tracking connecting ¢/

A DC grid contingency management

A Ancillary service coordination




DC Grid Control Architecture/ Responsibilities

A (a) Independent HVDC operator

A (b) Integrated AC/HVDC TSO
A (c) Distributed among AC TSOs

DC grid Operator

) (b) (€)




A State estimation HVDE o id SCADA

' Control Applications: OPF :

I DC measurement § i ] g AC SCADA
R S : (Area A)
i i Network Processor i

A Network processor B 3 [N powo

i E | Topology Processor | ; i AC SCADA

I Topology processor g 0 T (Area®)
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T Island detection

. . . Converter Station Control

i Control mode assignation ; outes Contr

A Control applications oo s

I Power injection control =3 i
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Optimal Power Injection Coordination

DC Supervisory injection control problem can be formulated as
a nonlinear constrained optimization problem
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Network Processor

A Topology processor
I Breaker status
I Islands detection (global info)

I Centralized or two-level approach

A Control mode assignment
I What is the proper metric for operator?
I Converter capacity (local info)
I AC area power schedule (global info)

I Grid characteristics and capability (local info)
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Central Processor
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1  Control mode metric
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Multi Stage Architecture

List of Islands Admittance Control mode

Matrix selection
A Less information to higher level Central Processor
A Less computational complexity A
A Useful info for local operator
Output
char. §  Connecting line and converters
4 1 0 44 XX 1  Control mode metric
. L& g Local Processor
4 2 45 0
4 2 46 0 Measurements
1 Power
4 2 47 0 f Voltage,Current (PCC)

i Breaker status
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Local Processor i Design Flowchart
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1 Design Matrix
NN A Information about the connectivity
% measurement N _ .
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Local Processor i Operational Flowchart
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Local Processor i Operational flowchart
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A Build the Adjacent Matrix of the
Network

A Islands

A Assign a slack bus in each
Island for centralized DC slack
control scheme

Topology Processor i Central Level
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Central Processor i Algorithm Flowchart

Substation Matrix Updating
A Give a unique number to each bus, according to the
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Central Processor i Algorithm Flowchart
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Py Central Processor i Algorithm Flowchart
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Real-Time Co-Simulation Test-bed

' i A OPAL-RT simulat
A Co-simulation platform to model the stmutator

) A OPNET-SITL
HVDC grid and overlay ICT - A Industrial HVDC controller

Infrastructure in real time A SoftPMU
A DC Measurement Unit
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