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. erigrid-
Bac kg round and Motivation $ o

= Planning and operation of the energy infrastructure becomes more complex
— Large-scale integration of renewable sources (PV, wind, etc.)

— Controllable loads (batteries, electric vehicles, heat pumps, etc.)

= Trends and future directions " Energy N
Markets =~ | = — WECEy.
— Digitalisation of T Tip
! ; : Changer
power grids s _____ da\e
— Deeper involvement Pro- 7 o B Security
of consumers and sumers™> | g it

market interaction \.\()\N_’f _ '
— Linking electricity, -/ E %V —

gas, and heat grids
for higher flexibility
and resilience

- Cyber-Physical Energy System (CPES)
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Status Quo In Validation ? .

= |n the past individual domains of power and communication systems have
been often designed and validated separately

= Available methods and approaches are

Req. & Basic Detailed Design | Implementation Deployment /
Design Phase Phase & Prototyping Roll Out
Softwqre + . o i
Simulation
Lab Experiments i i 4 +
and Tests
Hardware-in-the-Loop ] i +t i
(HIL)
Demonstrations / field
- - - - ++
tests / pilots

Legend:
- ... less suitable, o ... suitable with limitations, + ... suitable, ++ ... best choice
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Future Needs Er

= Vision: “Providing support from design to implementation & installation”

— Integrated system design
— Validation and testing

— Installation and roll out

Specification wlmplementationm Validation w Deployment >

Deployment to

Use case design and Generated target . . N
. ) . Simulative validation i
speC|f|cat|on configurations field components
= f(x){.} | % y=>5 |
,,,,,,,,,,,,,,,,,,,,,, -
User defined Laboratory validation

conflguratlons

SDECS )

,,,,,,,,,,,,,,,,,,,,,,
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The ERIGrid Approach ! ..

H2020 INFRAIA-1-2014/2015 call

— Integrating and opening existing

i ] n No. of ERIGrid
national and regional research partners per country
infrastructures of European interest @) rootvrovies
.~ (nstallations ‘ N » :
= Funding instrument S0 T {pe
HOe -
— Research and Innovation Actions (RIA) P
— Integrating Activity (IA) Be -
= 18 Partners from 11 European Countries J 1) ;‘;E‘ié/ ’
= Involvement of 19 first class Smart Grid labs En P
= 10 Mio Euro Funding from the EC . n\ L
(~1000 Person Month) ae 1
HO
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The ERIGrid Approach

= Development of a holistic validation framework and the corresponding
research infrastructure with proper methods and tools

/ Smart Grid Configurations \ /W /W\
(Power + ICT system) Vallgatl?n and Smart Grid System
Opumizston | — Appe;'i:zzes Configurations
(e9., SCADA) e {cyber-physical e Validated
concept /

systems based)

e Virtual-based
methods

e Real-world-
based methods

e Combination of

architecture
e  Substantiated

comparision
e Testreport
e Improvement

and innovation

N virtual & real- e
&/ (o) world-based .
~ S methods (HIL) %

= |Improved simulation and lab-based validation approaches
= Harmonized and standardized evaluation procedures

= Provision of training and education material
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The ERIGrid Approach

Eri

Towards formalized validation

Connecting European
Smart Grid Infrastructures

‘From validation needs to evaluated integrated Smart Grid Configurations”

research infrastructure (RI) capability profiles

Scenario & Generic Use Test
System Configuration Cases Objective
1
SuT Oul Dul FuT = Ful Pol
Holistic Test Case gesheniena .
. o holistic
Mapping to individual test
tests according to Rl capabilities )
@ evaluation
\/I S b— Refined: Objects,
Sub-test Gl Purpose, Criteria Q
specification test | *** New: Test Design,
spec. Test Configuration
l l test
_ N z refinement
( 4“] Experiment Exp. Experiment Design
= \Specification Spec. Experiment setup Legend:
‘ 6 - System under Test (SuT)
s " Domain under Ivestgation
n Rl 1 " in Rl n - Domain under Investigation (Dul)
- Function(s) under Investigation (FuT)
€ y y - Function(s) under Test (Ful)

- Purpose of Investigation (Pol)
Exchange of data and results - Research Infrastructure (RI)
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The ERIGrid Approach erigric.

= Cyber-physical (multi-domain) approach for analysing and validating
Smart Grids on system level

SIMULATED SYSTEM / COMPONENTS REAL SYSTEM / COMPONENTS SIMULATED SYSTEM / COMPONENTS

REAL SYSTEM / COMPONENTS SIMULATED SYSTEM / COMPONENTS REAL SYSTEM / COMPONENTS

4 Power System Analysis 4 Communication R 4 Components R
= 5 E 2
% Power Grid E E Generators, Storages, Lg
S P Electrical Signals | ;| > Loads, etc. S
S ' Power, Voltages ' S
~ ' ' ~
S : —_—— — — E—— S
2 D - : P 2
g -7 ! | @ g
s o s
x : | | : =

: I :

- 4 ! | : Control ! - 4
""""""""""""""""""""" Signals /\
¢ [ Ccontrolsystem | : : :( scADA/DMs /HMmI :
] . . w
2 : : 2
§ Power Quality, etc. ' | | ' Control Center §
S : : S
< Central Control - - — — _l : H = B8 |t BB == &
s i i s
B T -— - — — — — : o
2 : Measurements : 5
“ IED - - — == = == ] = — 2
2 Local Control ' Parameters : B it | 4 i
: : PP TP ; B
§ Local Control E E EEEEsEE 8 88 88 g
& : : &

N VRN VRN Y,
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The ERIGrid Approach erigric.

= Improved validation and testing methods: focus on co-simulation and HIL

offline real-time ; tsox ... offline sample rate
simulation i simulation trrx ... real-time sample rate
: lab-link | i :
task 1 : ; software i | power interface PI, || hardware 1
tso1 l lo 2Ll i 1 i1l
ot i
UO,IT i U1,|<£VLIT@<‘ ;{)luﬂ [Vl,l DZz,l
task 2 : :
tsoo i | (offline and tore Troe™]
E real-time | ;
; simulation ;
task 2 i interface) § software | i| power interface Pl || hardware 2
tsos| | lo,n Zin § Tl i1
Hoot o i
Uo,uT i Ul,%\‘l‘l'”T@( ;'{)luf,'n [Vl,u |:|Zz,||
task N
tsrT2| Trvan e}
ts.on
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The ERIGrid Approach

Research

infrastructure 1 T

measurements/setpoints Real-time
DB

RI1

Model /
Controller from Level O
RI2

IEC

Level 1 61850 CIM
interface interface

Research
infrastructure 2

INTERNET

Level 2
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Ergrid-

onnecting European

@ Smart Grid Infrastructures

Coupling of Research Infrastructures for integrated and joint testing (multi-lab)

11
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The ERIGrid Approach

Eri

? Connecting European

Smart Grid Infrastructures

= User access to European Smart Grid Research Infrastructures

Facilities for improved component characterisation and

Micro Grid validation (TA1)

(CEA, CRES, DTU, ENEL, ICCS, SIN, TEC, UST, VTT)

N

/

4

-

N
-

&

N [ N [ N
AV Components

System Analysis P

Y, ICT/ \_ Y,

~ Communication - ~
Control Svet Network SCADA / DMS /
ontrol System HMI

L L Y,

/

!

X

Facilities for large-scale Smart Grid system integration and

testing (TA2)

(AIT, DNVGL, ENEL, GINP, IWES, OCT, OFF, RSE, TUD, UST, VTT)

R&D topic

Provided services to external users

DER components

PV-inverter tests (component, integration)
Storage, charging devices test (component, integration)

Development of
new network
components

Test of new component concepts
Validation of advanced control methods for components

Smart Grid ICT /
Automation

Valdiation of controller implementation and integration
Validation of communication protocols

Test of SCADA system developments and integration
Cyber-security assessment

Co-simulation

Co-simulation tests power grid <> communication
network

Co-simulation tests power grid <> components <>
communication network

Real-time
simulation and
HIL

Integration tests for inverter-based devices
Validation of new power electronic component
topologies
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Validation Example

EFIgrid-

onnecting European

@ Smart Grid Infrastructures

= Validating Fault Ride Through (FRT) controller of a Wind Power Plant (WPP)

Test System Configuration

Viee N\

IEEE 9-bus

fault ride-through controller

wip sl

10dEeM
dy
uoy
;j0og
/ ezeay \
00q

WPP

collection Vector controller

grid

WTG grid-
side
converter

wind
turbine
model

Oul Ve,
-’ch
control/
electric ICT
domain domain
. —_—
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Co-Simulation based Validation
(using FMI)

mosaik

Interf. Interf. § Interf.

Interface S ey -mE [ FMI-ME | FMI-ME
anlsis Solver Solver [ Solver

FMU
FRT
Controller

ac system

powerfactory

Thomas Strasser, AlIT Energy 19.06.2017 13


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

.
L]
]
? Connecting European
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= Alarge-scale roll-out of Smart Grid solutions is expected in the near future

= New approaches and methods are required to support system analysis,
evaluation and testing of integrated approaches

= Advanced research infrastructures are still necessary

= A Flexible integration of simulation methods, hardware-in-the-loop approaches,
and lab-based testing looks promising to overcome today’s shortcomings

= Future activities and research should focus on
— Integration of design and validation tools from different domains
— Development of system level validation procedures and benchmark criteria
— Improvement of research infrastructures supporting system level validation

— Education/training and harmonization (standardization) of validation methods
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Free Acces
s to European Smart Grid Lab
European s  EFIgrid-

ERIGri
| IGrid calls for free transnational a
S . ccess:
c;ll.d15 September - 15 December. 2S
. cn "c:;ll: 15 March - 15 June 201’7 e
all: 15 August - 15 ,
- Nov
: - embe
Sthth ::all. 15 February - 15 May, ;,021(;17
call: 15 Au ’
gust - 15 Novemb
. e
6th call: 15 February - 15 May ;0210918
o o o ®
erigrid.eu/transnational-acces
s

CEDJEeZ(I)EZRIGrid Consortium
0 Programme GA No. 654113

: gonnecting European
mart Grid Infrastructures

—————T

————

ermarid” =

2 Connecting European 42020 Programme
under Contract No.

o Smart Grid |nfrastructures
654113

wwW.erigrid.eu

With the aim to support the development of smart grid solutions in Europe,
the ERIGrid project opens its first call for transnational access. The project
partners offer their infrastructure and support to the successful applicants for
experimemal research free of charge- o

Upto 15 December. 2016, users from research,
academia and industry can apply 38 individual
researchers Of with colleagues S User Groups-

Eligible applicants: @ e

« must be emp\oyed by
organisations \ocated
in the European Union
or associated European
states. Limited access

is also provide to
applicants from non-

0
FU countries and other

Conducting You' own experimental
research free of charge in the best
testing and simulation facilities of Europé

.

Promotion of your
experimental research

through ERIGrid

Option to select your
pre(erred host jaboratories

the concentraled

_how and best
practices in the

field of smart grid

developing countries

(please visit erigrid.eu systems and
for more information;

« must be able to publicly Working with the toP smart

report about the grid experts and impacting

rnnriurtpd nroiert

T
homas Strasser, AIT Energy
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