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Background and Motivation Ef'lgf'ldé'b

Connecting European
o Smart Grid Infrastructures

= Planning and operation of the energy infrastructure becomes more complex

— Large-scale integration of renewable sources

(Distributed Energy Res./DER - like PV, wind, etc.) Energy

Markets

Privacy

— Controllable loads (battery storages, oo,
electric vehicles, heat pumps, etc.) sumers

Security
Threats

- H »4 T—j s m
How 10 DEsign & VALIDATE
SUCH A SMART GRID?

= Trends and future directions

— Digitalisation of energy infrastructure

— Deeper involvement of consumers
and market interaction

""""""""""

— Sector coupling (linking electricity, gas, and TR no
heat grids) for higher flexibility and resilience
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Vision and Research Directions ErIgric:z

e Connecting European
Smart Grid Infrastructures

= Support for the integrated design, implementation, validation, and installation of smart grids and
smart energy systems

— Integrated system design
Specification wlmplementationw Validation w Deployment >

- ValidatiOn and teSting Use case design and Generated target i . I Deployment to
e . - imulative validation i
specification configurations field components
— Installation and roll out % y = £ 79\ y=5
= Future research needs ( \\ onfigmaion Laboratory validation —

s configurations
pecs. f 3 f 3 P f f
j Field Devi
z=fy) ‘:Y: @05 V| — ield Devices

— Improved development
and testing services and tools

— Extended and advanced research infrastructures and laboratories

— Well educated researchers and engineers (“multi-domain understanding”)
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Integrated Smart Grid and Energy Systems RI’s Er'lgf'ld'"

Connecting European
o Smart Grid Infrastructures

* Long-term, Pan-European cooperation

e Advanced community

2024
DERIob

- GA-ID 5189299 O

~ FP6 NoE (11/2005-10/2011) Ef'lgf"ldzo
- 3 Mio EUR funding : e
~ 12 partner @ Ef'lgf'ld ~ GA-ID 870620

@ Connecting Europea
S sman g et

- Networking of DER labs, - H2020 RI IA (04/2020-09/2024)

pre-standardization DER r‘i - GA-ID 654113 - 10 Mio EUR funding
a st vy e - H202F) RITA (11/2_015'04/2020) — 20 partner from 13 countries
s ~ 10 Mio EUR funding _ — TNA & VA to Smart Grid, Smart
- GA-ID 228449 — 18 partner from 11 countries Energy Systems and DER labs,
— FP7 RIIA (09/2009-12/2013) — TNAto Smart Grid and DER pre-standardization
— 5 Mio EUR funding labs, pre-standardization
Legend:
- 16 partner from 12 countries
DER ... Distributed Energy Resource
200 - TNAto DER |E.\bS,. Rl .. Research Infrastructure
5 pre-standardization TNA .. Trans-national Access

VA .. Virtual Access
NoE ... Network of Excellence
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Smart Energy Systems “ERIGrid 2.0” - Overview Erigrid:;

= Extended and applied research based
on ERIGrid topics and achievements for

— Smart grid and smart energy systems

— Digitalization with lab interfacing and
data exchange for physical/virtual access

= Tight collaboration of partners
— 13 European countries involved
— 20 Partners from research and industry

— 21 top-class smart grid, energy systemes,
and DER labs

— 8 virtual facilities

doi:

Connecting European
Smart Grid Infrastructures
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Smart Energy Systems “ERIGrid 2.0” - Approach

User and Stakeholder Needs

[ Networking Activities (NA) ]

Liaison with
Initiatives and
Associations
(NA1)

Dissemination,
Communication,
and Cooperation

(NA2)

Staff Exchange,
Education
and Training
(NA3)

Scenario and

Test Case
Creation (NA4)

[ Joint Research Activities (JRA) ]

—

Eri

Virtual Access (VA)

[ Trans-national Access (TA) and ]

/

Market

Liberalization

ERIGrid 2.0 — European Rl for Smart Grids, Smart Energy Systems, and Renewables Research

SUSTAINABLE, Low-CARBON ENERGY PoLicy

2015 Paris Agreement
EC “Clean Energy for All
e EU Vision 2050

Europeans“ package

Digitalization
Residental
Building

Electrification
of Transport

e ——

— Energy Grid

— — — ICT Network

Electric

Power Grid

SSNI

Industry

\

Open Data

Renewables

Prosumers

EU Energy Transition Goal: Creation of a low-carbon, secure, reliable, resilient,
accessible, cost-efficient, and market-based pan-European integrated energy system

o

/

Enhanced
Validation
Methods
(JRA1)

doi:

Improved and

Extended Tools
(JRA2)

Improved and
Extended RI
Services
(JRA3)

Integration and
Demonstration
of Services
(JRA4)

Management of

Access Activities
(NA5)

Trans-national
and Virtual
Access to ERIGrid
2.0 Research
Infrastructure
(NAS, TA1,

TA2, VA)

e Industrial
user
groups /
vendors

e Academic
user groups

e Project
consortia
(European &
national

rojects)

T

User Innovations

Qoo

2.0

@ ;
e Connecting European

Smart Grid Infrastructures
’
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Smart Energy Systems “ERIGrid 2.0” - Methods & Tools Er'lgf'l;dé'.b

e Connecting European
® Smart Grid Infrastructures

= Functional Scenarios and Test Cases (NA4)

— ldentification of relevant scenarios (6)
and test cases (25)

System
Description

Motivation Whose problem does this solve? What is the problem?

When the solution works in nominal operation, what functionality does it provide? What is the
intended function or behaviour of the system subject to testing?

Test Case How can this be tested?

Experiment
Setup

What is the physical system which is addressed here?

— Provision of functional scenarios with
broad domain view

Use Case

— Further details at

=]
=
©
=
[
(%)
wy
o
=
2
+—
o
=
=
L

What do you need to execute the test? [required equipment]

* D-NAA4.1 Functional Scenarios (D5.1)

Relevance Why should this be examined in ERIGrid 2.0?

e D-NA4.2 Common Reference Test
Case Profiles (D5.2), and

* https://github.com/ERIGrid2/test-cases
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Smart Energy Systems “ERIGrid 2.0” - Methods & Tools Er'lg!"l;dé'.b

Connecting European
® Smart Grid Infrastructures

= Functional Scenarios and Test Cases (NA4)

— Harmonise the development of B somp 2o st cass
holistic test case procedures o e
.. . EE‘E}E‘:HQG Characterization of power-to-heat service availability and its impact on the networks
- P rovision Of too I S fO r test re pO rtin g Eroni20 Test Case TC11: Characterization of power-to-heat

service availability and its impact on the networks

— Further details at https://erigrid2. T —

Author

github.io/test-case-descriptions/ =
,‘ Version
Word file upload o %2
l - : ::::.:lsnd 20
Date

word2excel Excel file upload

2020-12-16

excel2md

erigrid2.github.io/test-case-descriptions
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Smart Energy Systems “ERIGrid 2.0” - Methods & Tools Er'lgf'ldzo

Connecting European
® Smart Grid Infrastructures

= Enhanced Validation Methods (JRA1)

— Development of benchmarks scenarios/ s Domain P —
mo d e I S fo r d Iffe re nt te St| ng Set u pS Electrical Network Electrical MathWorks MATLAB/Simulink
Multi-Energy Networks Electrical, Thermal pandapower, Modelica, Python
ICT-Enhanced Power Systems . Electrical, ICT DIgSILENT PowerFactory, Mininet

— Developing guideline for test
reproducibility and representation of data and uncertainty

— Developing methods for test upscaling and domain extension
— Further details at

e D-JRA1.1 Benchmark Scenarios (D10.1),

* https://github.com/ERIGrid2/ benchmark-model-electrical-network,

* https://github.com/ERIGrid2/benchmark-model-multi-energy-networks, and

* https://github.com/ERIGrid2/benchmark-model-electrical-ict
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Qoo

Smart Energy Systems “ERIGrid 2.0” - Methods & Tools EL 1L (7102,

Connecting European
Smart Grid Infrastructures

= |mproved and Extended Tools (JRA2)

— Interconnecting (coupling) multiple instances
of non-real-time simulators, real-time simu-

Research Infrastructure as a Code (RiasC) Approach

«— Data (Mesh) Central Cloud
lators, HIL components, and physical laboratory =~ — oxtestretonsten
equipment(RiasC approach) o
— Demonstrate multi-domain co-simulationof ‘ """""
. . . . . MU #1 )i —n g '.)—‘
physical infrastructures involving multiple e — S——— ML L
H $ - K3S ;\‘;;1
time scales i b
I +;l_’ I _." MU #2 MU #4
— Develop and demonstrate methods for the [t} | ]
coupling of real-time simulators with
co-simulation and HIL Lab A Lab Lab

— Support distributed and remote experiments

— Further details see

doi:
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Smart Energy Systems “ERIGrid 2.0” - Methods & Tools &Sl

= Improved and Extended Rl Services (JRA3)

Qoo

2.0

Connecting European
Smart Grid Infrastructures

— Improve and extend well-established frameworks for lab coupling and multi-RIl experiments

— Develop a set of extended services for seamless interconnection with various lab facilities/Rls

— Demonstrate the application
of above-mentioned services

with an abstract prototype

— Implement simulation
specific services along
with integration of
automation services

Add-on platform
function:

w
{experiment
ctrl

doi:

Application
(physical lab / RT sim / non-RT sim)

“Rl-middleware adapter" (user devel)

Application
(physical lab / RT sim / non-RT sim)

I "RI-middleware adapter" (user de’uel)}

Physical networl k
(RI LAN, public internet)
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Smart Energy Systems “ERIGrid 2.0” - Methods & Tools Erl ! 20

= Integration and Demonstration of Rl Services (JRA4)

— Definition of useful integration and demonstration test cases based on the scenarios and test
cases defined in NA4

— Implementation of the interconnection methodologies and the tools for the simulation,
co-simulation, HIL and distributed lab developed and validated in JRA2 and JRA3

— Demonstration of the services of the ERIGrid 2.0 extended RI

doi:
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Smart Energy Systems “ERIGrid 2.0” - Virtual Services Eﬂgr'ld'"

Connecting European
o Smart Grid Infrastructures

Frequency Gauge - UK Grid Frequency Gauge - StrathPMU

Voltage Phasor Diagram - StrathPMU

=  Focus on

Instantaneous Instantaneous

Smart Grid MVP Instantaneous
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Connecting European
® Smart Grid Infrastructures

Smart Energy Systems “ERIGrid 2.0” - Lab Access Ef'lg!"l;d;.b

N

www.erigrid2.eu/lab-access
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