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High Voltage Direct Current (HVDC) Transmission

e World's first commercial HVDC link in 1954
* Traditional HVDC tradeoffs

+ Lower resistive losses for long transmissions

+ Separating asynchronous AC systems -
— Expensive converters

* Emerging use of HVDC A 3

* Inter-area oscillation damping 'T AR
* Sharing frequency control reserves =

* Integration of renewables (offshore grids)
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Power Oscillation Damping using HVDC

AC networks represented by two LV /6y, w V /03, wa [
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Linearization gives overall dynamics
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with states corresponding to relative angles and frequencies, and control u = Ppc.

Harnefors et al., 2017; Bjork et al., 2018

Fundamental Limitations in Single-line HVDC
Power Oscillation Damping

Proximity in frequencies fo and f; of poorly damped p Ve N“‘%‘\‘Z_x V /6y, wn pi
oscillatory modes in the AC networks limits the LN W L = LB
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representing the control effort required to transfer an initially
disturbed system state to the origin
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Controllability lost when the modal frequencies fo and f; are close.
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Nordic 32-bus Models

Numerical Study on Two Interconnected

Network A
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Nordic 32-bus models

Numerical Study on Two interconnected
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Two Coordinated HVDC Lines
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Interconnected Nordic 32-bus Models Revisited
Disturbance response without HVDC Inter-area oscillatory mode frequencies
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Distributed Frequency Control Through
Multi-Terminal HVDC Transmission Systems

AC Area 6 How to share frequency control reserves between
IEE{S_} AC areas through a multi-terminal HVDC grid?

Converter dynamics
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Stability of Distributed Frequency Control

Distributed generation controller of the AC systems  Theorem
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is globabally asymptotically stable. The objectives
are fullfilled for classes of control parameters.
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Simulation Evaluation of Proposed Controller
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Conclusions

HVDC can be used to damp inter-area oscillations
Damping by single HVDC line poses some limitations
Can be overcome by coordinating multiple HVDC lines "¢

Multi-terminal HVDC for frequency reserve control
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Future work

Detailed converter models in numerical studies
Resilient coordinated HVDC control
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* Realistic test scenarios in the Nordic grid
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