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« Overview on existing grid codes for HVYDC systems
« HVDC system design and DC grid code requirements
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Harmonisation of grid code requirements for HVYDC systems

Starting point in PROMOTioN: ENTSO-E network code

Published network codes

« Title: Network code on requirements for grid connection of HVDC
systems and direct current-connected power park modules

» Specifies the converter behaviour at the AC point of connection R

stabiching 3 nerwrk code ox requesmenis for grud comaction of bigh vokage dirss curmen
yutaem and Eract carrazt<cormectad power park miodules

* Frequency and active power related ranges and control modes
» AC voltage ranges

» Reactive power ranges and control modes

« AC FRT and short circuit contribution

* No specific statements on the DC side

« The ENTSO-E grid code provides a broad range of possible
specifications = further refinement in national implementations
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Harmonisation of grid code requirements for HYDC systems

National Implementations

Observations

« Some aspects are specified in a similar fashion,
e.g. AC FRT levels and the requirement of
reactive power support

« Some national implementations exhibit more
detailed requirements than others

« Some aspects are specified with different
timings, e.qg. fast fault current contribution

« Some requirements are imposed for some
countries for others not (inertia provision)

« Some implementations specify requirements
taking into account converter capabilities, some
focus on requirements from the AC system
perspective
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Approved/binding
Submutted for approval
Submussion & Approval is pending

Non EU MS - implementation under
different framework

No proposals

(https:/Idocs.entsoe.eu/cnc-al/#implementation-mem_s, accessed 18 June 2020)
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« Overview on existing grid codes for HVYDC systems
« HVDC system design and DC grid code requirements
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Harmonisation of grid code requirements for HVDC systems

Design considerations for the development of multi-terminal

HVDC grids

Normal Operation & System Control of Offshore Wind Farms
Design

- DC voltage level « Use of control capabilities
« DC configuration for AC and DC FRT ’\' w ~
 Operational strategy « Grid-forming controls — — —
* Interoperability « Black-start — — __
contingencies - Provision of ancillary [ 111
* Reliability and availability services

criteria « AC FRT of the overall = = -
« Impact of faults and fault system ~ ~ ~

clearing strategies * Respect the different

frequency reserves
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Harmonisation of grid code requirements for HVYDC systems

Requirements on HVDC Grid codes

Prerequisites
* Discrimination-free

 (Multi-vendor) interoperability
» Should be “plug-and-play”
« Should not inhibit technological development

Requirements on the Grid code

» Give functional requirements (at the point of connection
for the converters)

« Should find a balance for different solutions and system
requirements
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Harmonisation of grid code requirements for HVYDC systems

Challenges for specifying grid codes for HVDC systems

Basis for AC transmission system grid codes
» Given system voltages, given grounding strategy
« Known (passive) behaviour of generators under faults

» Standardised fault clearing sequences and
components
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Harmonisation of grid code requirements for HVYDC systems

Challenges for specifying grid codes for HVDC systems

Basis for AC transmission system grid codes —
—{ () =

» Given system voltages, given grounding strategy ~ I -
« Known (passive) behaviour of generators under faults I % = A=D1 =
« Standardised fault clearing sequences and - = S

components

. Ctrl L Ctrl |[ Ctrl |
Planned and existing DC systems £ £, &
HE SN NXH =

« Range of DC system voltages =
« Symmetric monopole configuration and bipole

configuration with different grounding strategies
« Converter behaviour and capabilities depend on the Uocimas Uax

converter type and the controls U Recovery of the DC
« Different fault clearing strategies proposed (*;CCB > ,Vett
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Harmonisation of grid code requirements for HYDC systems

DC Grid Codes: Building blocks and intermediate steps

Broad range of possible system designs and on-going technological development

Grid code that allows plug-and-play integration of new converters and other components
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Harmonisation of grid code requirements for HVDC systems

DC Grid Codes: Building blocks and intermediate steps

Broad range of possible system designs and on-going technological development

Understanding of system behaviour and implications of design choices

Grid code that allows plug-and-play integration of new converters and other components
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Harmonisation of grid code requirements for HVDC systems

DC Grid Codes: Building blocks and intermediate steps

Broad range of possible system designs and on-going technological development

Understanding of system behaviour and implications of design choices

Decision for certain system designs Specification of required system behaviour

Grid code that allows plug-and-play integration of new converters and other components
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Harmonisation of grid code requirements for HVDC systems

DC Grid Codes: Building blocks and intermediate steps

Broad range of possible system designs and on-going technological development

Understanding of system behaviour and implications of design choices

Decision for certain system designs Specification of required system behaviour

Bridge: Interaction studies using replica systems, hardware-in-the loop analysis,
impedance models, EMT models...

Grid code that allows plug-and-play integration of new converters and other components
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