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Agenda

Current grid compliance testing for wind power plants

Why need to modify current grid compliance testing

Motivation from past incidents and reference study

IEC61400-21-5 for HIiL and SiL test benches for testing wind power plants

Use cases
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Current grid compliance study for wind power plant

Turbine Level Grid Compliance Plant Level Grid Compliance

i — %ﬂﬂ — ] 0 — | — R

New WT Prototype Component model Plant design Offline plant model & Plant level grid code
desian testing Validation validation report verification
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Urgent need for plant level but also system level performance

test and validation

M

Growing technological challenges and risks
in future offshore wind power projects

Growing renewable plant size
Lowered grid strength

Complex technology mix

Evolving requirements from TSOs
Evolving control during lifetime

hae’

Growing business challenges and risks

Reduced subsidies

Increased competition

More variants in business models
High marginal cost of failure
Pressured supply chain
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We need to go beyond the current wind power plant
simulation and testing method

August 2019 September 2016

Blackout investigation: What Biggest Blackouts In History: South

went wrong at Hornsea One and CURRENT® Australia 2016

Little Barford

Blackout raises alarms on UK energy resilience Two SA wind farms fined more than $1 million for

High-tech economy is more vulnerable even to short-term power cuts FINANCIAL TIMES their rOIe in 2016 StatEWide blaCkOUt m NEWS
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Referring studies during HVDC design and development

Stage of
project

11 October 2024

Real time

Load
simulator '

NuEll Harmonics | Transient

flow/short | signal and

circuit analysis dynamic

(static) simulation
Predesign T 1 1 1 —_ —_—
Bid — = = t — =
Post award —_— —_— — — 1 1
Commissioning —_ — —_ —_ 1 —_
Post- Use depends on the needs and practices of the owner/utility

commissioning

T Intensive use — Moderate use = Few or no use

Why not
design one
for wind
power plant
to de-risk
projects like
WPP+HVDC
and PtX?
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IEC61400-21-5 defines the technical specifications for
HiL and SiL test benches at plant level

i

Hardware connected to real time simulation  Hardware

Rel.:)‘l?z:(if | Tpe—— e — WT control and protection systems
present) control and protection system present) — Plant control and protection systems

— Interfaces for hardware and communication gateways

Control and Control and
communication communication
signals signals

» Testing environment

drivetrain model switching model .
— WT control replica
WPP export Power grids Other controllable — HVDC replica (eXtenSion Option)
UL LEE — Interfaces (eg. protective relays, SCADA, or other RES

such as solar)

Real time simulation
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Industrial relevance

IEC61400-21-5: Wind energy generation systems — Part 21-5: Configuration, functional specification, and validation of
hardware-in-the-loop test bench for wind power plants

IEEE P2800: IEEE Standard for Interconnection and Interoperability of Inverter-Based Resources (IBRs) Interconnecting with
Associated Transmission Electric Power Systems

missing link
provided by

+
Data the facility

controls Resilient

electric network

Test sites, Measurements, models,
manufactures controls

Test platform for De-risk large
power plant & infrastructure
systems projects

Speed up the
grid connection
Design and and compliance
operational scenarios

TSOs,

Energy companies

Electric infrastructure

Verification

New design plans, algorithms, etc
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Single turbine HiL testing bench: No plant level
communication, control, and protection

HiL
Turbine Converter
controller controller
A A
................. ..
A 4 \ 4
T:r_blnf a_nd Converter Ext | arid
rivetrain | model > xternal gri
model lectrical model
(mechanical ) (electrical)
A A
............. ;; .
SiL ! <-===» Control connection
Turbine Converter !
controller controller <+—p [F|ectric connection

Real time simulation
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Plant testing (Single WT wind farm model)

HiL
Turbine > Converter < Plant < Plant Plant
controller controller communication control protection
A A A
................. EE'C=
errrnnsrrnnnrens B rtiesrssrsesesssrssarsaasenns  reeirssarssssesssrsssresssEasanennss A e o b e A e ot ot A
4 4 v I /
Turbine and Converter
drivetrain N model | | Aggregated | | Plant power | | External grid
model . array system model model
(mechanical ) (electrical)
A A
¥ ¥ SiL | <-:==»  Control connection
Turbine R Converter
controller controller <—> Electric connection

Real time simulation
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Plant testing (Multiple WT Wind farm model)

HiL
Turbine Converter Plant Plant Plant
controller controller communication control protection
A A A f
................. EE'C=
............... L. S o r o+ o100 bt At £+ E 1 AT A A 0 £+ 00+ 1o A
4 v A
T:r_blnf a_nd Converter Collection Plant Ext | arid
rivetrain | model I I I I ant power I I xternal gri
model . grid system model model
(mechanical ) (electrical)
| |
SiL <--==®» Control connection
SiL
SiL <4—p [|ectric connection
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Testbench overview (draft from IEC61400-21-5)

- Global o " +
A—OI' fi and pat 3 | A_02: Turbine/Converter control functions

| A_03: WT protection functions
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B_01: User Interface
B_02: Turbine/Converter controller parameters B_03: WT grid protection settings
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Use case definitions

Name of use case |[Grid interaction studies [Reliability and security [Interoperability between|Functionality and Control coordination alidation of models of
of the protection i performance test of ithin the power plant [the wind turbines and
system of the wind plant control and between the plant

and the external

Main objective of the To verify the electric To perform protection To perform control To validate the plant To validate critical internal To validate the WTG and

test bench design and dynamic tests for internal and coordination between control functions plant control functions plant models using the

control performance of  external faults HVDC and WPP and interplant controls control replica
WPPs

Short description on

the tests to be carried 1) Tests on frequency and 1) Tests on reliability of 1) Tests on steady state 1) Tests on the wind 1) Tests on internal plant 1) Tests performed

out on the test bench inertial responses 2) protections to prevent controls of HYDC power plant power voltage and reactive according to 21-1 & 21

Tests on impedance refuse-to-trip and false- connected WPP such as capability; 2) Tests on power control that can be used for
interactions between the tripping with respectto  power setpoint and power steady state controls: coordinations 2) Tests on model validation purposes
power plant and the grid internal and external ramping; 2) Tests on active and reactive power steady state coordinated of WTGs 2) WPPs model
3) Tests on fault ride faults 2) Tests on HVDC connected WPP  setpoint control, power  control of the plant for validation of plant
through of WPPs 4) Tests selectivity of protections for frequency and inertia ramping, frequency controller and external model

on WPP dynamic including directional controls 3) Tests on control, voltage setpoint controller for active,

response during external elements, coordination  dynamic control control, dynamic reactive reactive power and

events, eg load/voltage  schemes and fault coordination such as fault power support functions voltage control

steps and phase jump 5) locationing 3) Testson  ride through of HYDC

Test on communication WTG grid protection connected WPPs 4) Tests

interface with TSOs functions including on steady state control

ROCOF and reconnection coordination when multi

4) Tests on islanding WPPs and multi HYDCs

detection present 5) Tests on
communication interfaces
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Use case: Energy islands and
hybrids

* Development of digital twin of energy islands and
hybrids.

* Industrial partners like Vestas, Siemens, and Jrsted,
has already asked for such experimental platform for
highly complex projects like offshore energy hub.

* Investment needed for developing plant level
representation (wind, electrolyzer, HVDC, etc):

— Unit level control replica

— Plant control replica

— System models

— AC/DC grid protection system
— Communication network
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The Energy Islands

AMars Mission for the Energy system
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Thank you!
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