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PROMOTioN WP15 - HVDC Gas Insulated Systems Demonstrator

HVAC GIS

Using pressurized gas instead of ambient air for
insulation (sulfur hexafluoride or eco-efficient
alternatives)

Massive space savings (up to 90 %)
Very robust against environmental impacts

Alternating Current (AC): GIS introduced in 1967,
today: proven technology with 100 000+ GIS bays
in operation
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PROMOTioN WP15 - HVDC Gas Insulated Systems Demonstrator

Objectives: HVDC GIS

HVDC GIS

A DC-GIS installation can be built with a
much higher degree of compactness and
significantly lower sensitivity to ambient
factors than with air-insulated switchgear
(AIS).

The most obvious cost-saving potential can
be found on off-shore converter platforms
where the required air-clearance for AlS
leads to much larger and heavier off-shore
structures.

By using DC-GIS, the volumetric space of
the switchgear installation can be
drastically reduced e.g. by 70%- 90%.
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PROMOTioN WP15 - HVDC Gas Insulated Systems Demonstrator

Objectives: Components

HVDC GIS

The HVDC-GIS technology spans a number
of switchgear components, e.g.:

« Bus-ducts and high voltage DC
conductors

« Disconnect- and earthing switches
« Bushings and cable terminations

« Current- and voltage measurement
sensors

e Surge arresters
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Task Structure

Task 15.1: SHE Transmission Task 15.2: TU Delft
Defining specifications and long Develop monitoring and

P sse |

term testing requirements diagnostic method and
applicability of SFg .
. alternatives fw
Task 15.3: DNV-GL
Long term testing of the DC GIS GTennET
equipment 5
TUDelft

Task 15.4: ABB
Initiation of standardization activities for HYDC GIS design, WP11
testing and application
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PROMOTioN WP15 - HVDC Gas Insulated Systems Demonstrator
TeSt ObjECt HV Connection
Test Pole Principle DC Bushing
Extension
option

AC Heating Current 3
conventional CTs
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Prototype installation test PROMOTioN WP15 - HVDC Gas Insulated Systems Demonstrator

Test progress

i 4 4

1 x Zero Load: — Ur 1 x Load Cycle: + Ur DC PD
‘ll_'lh/ersrral cycle 1 x High Load: — Ur 1 x Load Cycle: — Ur LI/ Sl
1 x Zero Load: + Ur AC PD
DC/AC PD i
L+
e 1 x High Load: + U~

1 x High Load: — Ur

Polarity reversal 1 x High Load: + U~

(120-2-120-2-45 min)
Superimposed impulse (SIM) voltage test: Ur = LI/SI

Mechanical operation: 10 CO
AC PD (partial discharge) measurement

Prototype installation test program defined and verified
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Test results - SIM
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PROMOTioN WP15 - HVDC Gas Insulated Systems Demonstrator

Key technical results/conclusions/outcomes

» Technology Readiness Level (TRL) is increased from 6 to 8 for HVDC GIS equipment.
« Recommendations for specifying gas-insulated (GIS) HVDC systems were developed.

« Testing requirements, procedures and methods were developed based on simulation analysis, real
HVDC onshore and offshore experiences, and based on CIGRE work.

« An alternative monitoring and diagnostics method of partial discharges was researched based on
magnetic detection, in contrast to the conventional capacitive detection on HVAC GIS.

» Concepts such as PD localization and charge estimation were investigated and proved feasible for
critical offshore installation.

» Performance of existing SF, monitoring and diagnostic methods are evaluated for alternative gases in the
optic of SF, free HVDC GIS Sensitivity of several electrical and an optical PD detection techniques were
tested for alternative gases in the optic of SF, free HVDC GIS

* Long term testing of full power HVDC GIS were carried out according to developed test requirements
and procedures. Results were used to improve models and develop understanding of failure modes.

« WP15 activities are aligned with and have contributed to ongoing (pre)-standardization of HVDC GIS in
CIGRE and IEC
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Standardization

Active participation in pre-standardization

« CIGRE JWG B1/B3/D1.79: new working group created “Recommendations for dielectric
testing of HVDC gas insulated system cable sealing ends.”

* CIGRE JWG D1/B3.57: “Dielectric Testing of gas-insulated HVYDC Systems”
* CIGRE WG D1.63: “Partial Discharge Detection under DC voltage stress”

* CIGRE WG D1.67: “Dielectric performance of new non-SF; gases and gas mixtures for
gas-insulated systems”

Active participation in IEC standardization activities in [IEC TC 17/17C and TC 99
« [EC TC 17 WG 6: Common specifications for DC switchgear
« [EC TC 17C WG 42: DC gas-insulated switchgear assemblies

* PROMOTioN
PROGRESS ON MESHED HVDC C|m
OFFSHORE TRANSMISSION

\_/ N ETWO R KS For power system expertise
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PROMOTioN WP15 « HVDC Gas Insulated Systems Demonstrator
Deliverables

« D15.1 : Document on recommendations for specifying DC GIS systems

« D15.2 : Document on test requirements, procedures and methods

« D15.3 : Report on DC GIS diagnostic and monitoring tools and methods

« D15.4 : Anonymized test reports on tests carried out

« D15.5 : Report of diagnostic analysis and condition assessment

« D15.6 : White- and position papers on pre-standardization of DC GIS testing

« D15.7 : Report on characteristics of PD Alternative gas: comparison with SF6

« D15.8 : Report on long term monitoring of DC GIS with defects

oS




PROMOTioN WP15

© PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714.




APPENDIX
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The opinions in this presentation are those of the author and do not commit in any way the
European Commission
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DNV GL Netherlands B.V.
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Tel +31 26 356 9111

Web www.dnvgl.com/energy
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Uwe Riechert Uwe.Riechert@ch.abb.com

He, Hong Hong.He@kema.com
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