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Background and Motivation EFIgrid

Connecting European
® Smart Grid Infrastructures

= Challenges for pure lab /field testing of SG components:
— Increasing complexity of cyber-physical energy systems (CPES)

— New components (RES, EV, heat pumps, etc.) and fields of applications
(e.g. power & heat supply, transport)

— System services of RES are now mandatory (EU Network Code —
“Requirements for Generators” RfG)

— New business models (VPP)
— Digitalization of power systems (Remote control, smart metering)

= Advantages of an Integrated lab based validation approach
(incl. RT simulation and Hardware-In-the-Loop (HIL) test setups)

Windparks

— Testing of realistic fault conditions or rare network events

Solaranlagen

Biogasanlagen

— Flexibility in changes of grid and component parameter

Pumpspeicherwerk

— De-risking field testing by well adapted testing environment and conditions
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Objectives ErIgriad”

o Connecting European
Smart Grid Infrastructures

= Develop and setup an Integrated lab based research infrastructure for System-level
analysis of components/small-scale systems focused on

— Harmonizing Smart Grid ICT Systems/Protocols
— Improving HIiL methods/algorithms for Smart Grids
— Combining HiL and RT-Simulation for system integration

— Harmonizing testing scenarios and methods for system integration
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Harmonized Smart Grid ICT Systems/ Protocols Eri iad”

, Connecting European
Smart Grid Infrastructures

= Reference model for controller interfaces across
ERIGrid research infrastructures and beyond was
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Harmonized Smart Grid ICT Systems/ Protocols Er !

o Connecting European
Smart Grid Infrastructures

= Harmonized naming convention for laboratory objects and S|gn_al_s
across laboratories was developed (analogue to IEC61175), consisting of o= .,
[Substatiorﬂ_ll17-2]

— Object Naming Convention T
<ObjectType>_System[.Subsystem][...][ AssociatedSystem][.Subsystem][...] [Beba rU117 j @
Object type Syal()em ‘ Su’bsg*,lem
. - - (Substation) (Busbar)
— Signal Naming Convention ‘
<SignalType>_ <Domain>_<Signal>[.<Subsignal>][...] Bay| 117-2MachineSet|
T i BT
- ObJeCt Type Names ‘BayUl17-2|.|\/anadiumBatter))rE
Object type System Subsystem Subsubsystem
(Substation) (Bay) (Bay level)
M_EA_W.phsA.instMag Instantaneous magnitude of electrical power on phase A -
M EA W.ohsA Quality indicator associated with an electrical measurement b@xUllTZj.’M?ghlneSet@.Eb »
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Improved HIL methods/algorithms for SG — Eriarid-
Testing chain for smart validation } o

= (Generalized procedure for HIL assessment, incl. S-HIL, C-HIL, P T TR LECEE LR ECERTEE .
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Improved HiL methods/algorithms for SG — Challenges

for PHIL testing

PHIL-Stability assessment and operational
ranges of different interface algorithms (1A):

= |deal Transformer Method (ITM),

= Time-variant First order Approximation
(TFA),

= Transmission Line Model (TLM),
= Partial Circuit Duplication (PCD) and
= Damping Impedance Method (DIM).
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o Connecting European
Smart Grid Infrastructures

Time delay compensation: Apply Fourier
transformation to compensate time delay in
PHIL experiments
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Combining of HiL and Co-Simulation ErIgric”

o Connecting European
Smart Grid Infrastructures

= Integration of RTS/HIL to co-simulation:

— Allows consideration of multi-domain/multi-time-scale with realistic behaviors from
hardware equipment under a variety of co-simulated large and complex environments

— Important for assessment of ICT impact + cyber-security issues
— An important contribution towards the ERIGrid’s holistic approach

ERIGrid proposes several online integration (co-simulation) approaches:

— Asynchronous integration via message bus: LabLink / OPSIM

— FMU as a service / SCADA as a service.

— Quasi-static HIL or Hardware-is-the-loop.

Offline integration (model exchange) is also possible
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Combining of HIL and Co-Simulation Er s pofo-
Different approaches in Partner labs ? crmerme
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Harmonized testing scenarios & methods EN s e
Qualification strategy and dependencies

Connecting European
Smart Grid Infrastructures

=  TC#2 Example: Validation of centralized voltage control scheme applied to a MV grid

= Techn. Pol 1 - Evaluate performance of a MG controller (TS2): Using a black box model of the MG (ES3)
= Techn. Pol 2 - Characterise CVC (TS1): By pure simulation (ES1) or by C-HIL (ES2)

= Techn. Pol 3 - Characterise MG + CVC + MV grid (TS3): Using a network simulator (ES4)

= Elactric Pawar Damain
BT f Comtral Damakn
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Holistic test description of TC#2 example Qualification dependencies for TC#2 example
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Conclusions / Lessons learned Er .

o Connecting European
Smart Grid Infrastructures

Harmonized Smart Grid ICT Systems/Protocols
— Generic description of communication and control in SG laboratories

— Harmonized naming convention for laboratory objects and signals

Improved HiL methods/algorithms for SG
— Testing chain proposed

— Solutions for status-quo challenges: Time delay compensation, PHIL stabilisation
assessment, initialisation procedures etc.

Combining of HiL and RT-Simulation for system integration

— Different approaches in Partner labs have been successfully implemented and analyzed

Harmonized testing scenarios and methods for system integration

— Detailed gqualification strategies for different TC elaborated
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Thank you for your attention! EN
Questions? 3 L
= Dr. Gunter Arnold

Fraunhofer IEE

= Dr. Van Hoa Nguyen
CEAINES /T

The authors would like to thank all involved partners for
contributing to workpackage JRA3 and the European
Commission for funding the project “ERIGrid” (Grant
Agreement No. 654113) by the European Community’s
Horizon 2020 Program (H2020/2014-2020) supporting this
work.

The authors are solely responsible for the content of this
publication.



https://www.erigrid.eu/
https://www.erigrid.eu/

