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Motivation at Fraunhofer IWES
Grid integration testing at test benches

Public
Grid

Field Tests

FRT Container

General purpose of grid integration testing
= Performance evaluation of turbine

= Generation of measurement data for model validation

Wind turbine testing on prototype in field

Product requirements Validated product

Time-intensive
Cost-intensive

. Windirarm Large—scale .sin%uﬁn & /
No reproducible tests —Freld systern testing

R =————
= No orientation to the development process according to V-model
e
Use of test benches

L |

Components Component testing
Controller & PLC XiL™ & CHIL testing

*Nodel, Software, Processor

= Grid compliance testing at test benches
= More than grid codes: testing to check future requirements
= Risk minimization within product development

e
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Motivation at Fraunhofer IWES
Overview Infrastructure grid integration testing

) . Nacelle test bench = Wind turbine testing = 30 MW test bench
= Mechanical and electrical tests " Mobile solution " Subsystem test bench &
= 44 MIVA g”d Simu|ator = 80 MVA gr|d Simu|ator converter test benCh
= 10 kV. 20 kV. 36 kV = 20 kV, 33 kV, 66 kV = 44 MVA grid simulator &
Mobile Grid
2015 2017 2021 2023 2026

HiL-GridCoP PQ4Wind

= Subsystem test bench

= High-speed shaft connection
= 44 MVA grid simulator

= 10kV, 20 kV, 36 kV

Converter test bench

8 MVA per simulator

690V ... 1.3kV

Harmonic injection to 10kHz

e
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DyNalLab Location

Wind Turbine Testing
Nacelle Test Bench
10 MW Motor @11

rom

ENGEL - Motor
30 MW Motor @ 400
rom

Grid Emulator
44 MVA
10/20/33 kV
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ENGEL - Generator Emulator

Wind Turbine Testing
HiL-Grid-CoP

9/13 MW Motor
Generator inverter
test bench

Mobile Grid
80 MVA Grid Emulator
20/33/66 kV

2 Strings each
AXOR\V/AV/AN
10/20/33 kV
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ENGEL - Emulated Nacelle Grid tEsting Laboratory

Project Motivation

Electrical challenges offshore energy system

= Converter dominated grid

= Parallel design and set-up of wind farms and offshore connection
point (2 GW HVDC-Systems)

= Set-up of new technologies

= |In Germany: Requirements Offshore Grid Code VDE-AR-N 4131 and
offshore grid connection requirements from the TSOs

General purpose of detailed large-scale interaction
simulation

Design offshore connection system

Derisking of electrical operation

Optimizing operation of wind farms

Electrical mechanical interaction mitigation on wind farm level
Numerous new degrees of freedom in the operation of wind farms
due to changing power systems

Integration of interaction studies
in grid compliance validation

process at test benches
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ENGEL - Emulated Nacelle Grid tEsting Laboratory

Overview

Project terms

= Project duration: August 2023 — November 2026
= Founded by the German Federal Ministry for Economic Affairs and Energy (BMWE)

Objectives of ENGEL

= Establishment of a globally unique test capacity for grid integration tests of future
offshore wind turbines (OWT) up to 30 MW

= Expanding the validity range of impedance and EMT models on the basis of tests

= Ensuring the correct functioning of multi-megawatt wind turbines in offshore energy
systems
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ENGEL - Project Plan

Project phase 3
Offshore Energy System

Project phase 2
Validation Offshore Requirements

Project phase 1
Installation & Commissioning

Scenario-based
testing

Offshore grid
compliance tests
and model
validation

Simulation of
interaction
studies

Classical grid
Commissioning | |compliance tests

of test bench and model
validation

Specification,
construction of
test bench

Slide 8

7/1/2026 © Fraunhofer IWES

= Fraunhofer

IWES



30 MW Test bench for offshore wind turbines

Build up of infrastructure P [Setpoints ]
ENGEL
— Inverter Controller - veTeT SyStem of ~ Real_Tifn':G;;u tor
Generator Emulator WEC with DIRECT-DRIVE
o DyNaLab existing L (2o Converter Converter ,—~"——\¢’-\
Build up of two actuators . C E : j®.
Converter Converter \‘ i ["""A "
1 Grid .li Xt
Active  Inverter T Protection v
30 MW Generator — Emulator ek 3WA L I )
= for testing direct-drive wind turbines [ Measurements | A
ENGEL new
Pubic Grid Motor Inverter Motor Reduced drivetrain of
30 MW Motor o @ 30 MW @ 400 RPM T WEC with MEDIUM SPEED GENERATOR
. . . . . /‘\ Gen, Converter Converter
= for testing hybrid drive wind turbines - @ () L OHere
Integrating test bench into existing IWES | | A
Setpoints

infrastructure Mobile Grid

28 MVA Grid Emulator

Y

|  Measurements

Active Rectifier  Inverter Unit

= Co-use of the hardware and test hall of the
nacelle test bench (DyNaLab)

= Connection to Mobile Grid (80 MVA grid
emulator; up to 66 kV)

= Use of the existing HiL framework

e
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ENGEL Installation

e
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ENGEL Installation
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Validation of grid forming capabilities

Motivation
= Market-based procurement of grid-fomring capabilities started in Germany in January 2026
Validation and certification process is already in place

= FNN-Guideline:
Technical requirements for grid forming capabilities including provision of inertia -
Requirements and verifications for grid-forming units and plants (Version 2.1, English
version published April 2026)

= FGW Technical Guidelines:
Supplements for TG 3, TG 4 and TG 8 are published in December 2025 and March 2026

Challenges Validation of grid forming capabilities of a
BESS -
= Test bench testing of wind turbines is currently not permitted! final test this week ©

= Reproduction of field tests =» Research project PRAKTISCH (Project partner: Nordex)

e
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Testing of hybrid power plants
Scalable Testing — Setup

DyNalLab Location

= Subsystem test bench
Wind turbine e A o e

=1 Fraunhofer IWES

i __ Windhaus

Old Airport Location

= Converter test bench
PV Converter
Grid emulator

= Hydrogen Lab
Elektrolyzer

BESS
Connection 7. S AR N
= Via MV-cable S
e
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IWES Owned Equipment

= PEM Electrolyzer (1 MW)

= Alkaline Electrolyzer (1,3 MW)
= H2-CHP (170 kW,

= Fuel Cell (200 kW)

Converter Test Bench
= 8 MW converter test bench
Perform impedance scans over wide

frequency range up to 10 kHz

-

EIectricaI Connection
= Flexible MV-switch gear (20 kV)
= Connection to other IWES labs ' 4 . : i ] 3
(DyNaLab/PQ4Wind) | - a " Wind Turbine nearby
dri ‘ = 8 MW offshore prototype

On-Site Hydrogen Storage = Connection to HLB established

Individual piping, low- and high-pressure
= Offtake via trailer — remuneration secured

The project ,Wasserstoff — Griines Gas fiir Bremerhaven” was funded by:

=
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Thank you
for your time!

© Fraunhofer IWES/Frank Bauer
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