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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 eri 2.0

2 Connecting European
Smart Grid Infrastructures

= Smart energy systems support for integrated ...

— Systems design and

implementation Specification wlmplementationw Validation w Deployment >

Use case design and Generated target O - Deployment to
—_ Va I |d at|0 N an d test| ng specification configurations field components
=5
% v = oL} y=
— Installation and roll-out . —
N User defined — _—
( h Laboratory validation

s configurations
pecs.
= Future research needs /% .= R jl\ e ji\ Field Devices

— Improved development
and testing methods/services/tools

— Extended and advanced research infrastructures and laboratories

— Well-educated researchers and engineers (“multi-domain understanding”)
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European Research Infrastructures (RI) Ef'lg!"l;défb

Connecting European
® Smart Grid Infrastructures

= Provide resources (major scientific
equipment) and services to communities

= Conduct research and foster innovation

= Are strategic investments in scientific
and technological excellence

= Act as knowledge and innovation hubs
(collections, archives or scientific data)

= Essential pillar of the European Science Area

= Only a few cover energy-related topics

Source: Furopean Commission & RICH2020
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Integrated DER, Smart Grid, and Energy Systems RI’s Er'lgﬁcl'"

Connecting European
o Smart Grid Infrastructures

* Long-term, Pan-European cooperation

e Advanced community

2024
DERIab

European Distributed EnuMa \
- GA-ID 5189299

- FP6 NoE (11/2005-10/2011)
- 3 Mio EUR funding

- 12 partners

- Networking of DER labs,

ErIgrid:
Er'lgr"ld - GA-ID 870620

® Smart Grid Infrastructures
'» Connecting European

tandardizati T mnesm—— - H2020RI IA (04/2020-09/2024)
pre-standardization , ~ GA-ID 654113 ~ 10 Mio EUR funding
DERri - H2020RI IA (11/2015-04/2020) - 20 partners from 13 countries
<) et ~ 10 Mio EUR funding ~ TNA & VA to Smart Grid, Smart
— GA-ID 228449 - 12 partne.rs from — E:\ee;gt\;rfzj/;tﬁ;‘gzt?gg DER labs,
~ FP7 RIIA (09/2009-12/2013) countries Ldeat il P
. . — TNAto Smart
- 5 Mio EUR funding Grid and DER
- 16 partners from 12 countries labs, pre-stand- Legend:
- TNA to DER labs, ardization DER ... Distributed Energy Resources
2005 pre-standardization Rl .. Research Infrastructure

TNA ... Trans-national Access
VA .. Virtual Access
NoE ... Network of Excellence
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Smart Grid Rl “ERIGrid” — Achievements Erigrid:;

o Connecting European
® Smart Grid Infrastructures

0o

4
A

Energy System Structure Use Cases Test ijective JaNDER Level:

P <

Holistic Test Case s evaluation

Test Case division to Sub-tests

v
Test Specification 1 Test Specification n

1 T
Mapping to selected testing platform

e

Exp

Research Infrastructure €

Coupled research
infrastructure

Advanced testing methods and tools

* Holistic validation approach for smart grids

Test Objectives Purpose of Investigation (Pol)
. . Why is the test needed? What do we expect to find out? A short The test purposes classified in terms of
A p p ro a C h O r S p e C | y | n g te St Ca S e S' te St narrative of context and goals of the test. Characterization, Verification, or Validation.
»
Object under (Oul) (s) under (Ful)| System under Test | Functions under Test (FuT) | .-

"the component(s) (1..n) that “the referenced specification of a (5uT) Functions relevant to the

specifications and experiments ettt e[t e st (s, et rmen

by the object under investigation components included under test, in_n:luding Ful
and relevant interactions

Domain under Investigation (Dui): in the test case or test btw. Oul and SuT.
. 5 : y . tup.
Coupling approach for smart grid labs B I
Test criteria:

Formulation of criteria for each Pol based on properties of SuT; encompasses properties of test signals and output

Virtual Pan-European Smart Grid R meme B — e

Measures required to quantify each controllable or uncontrollable factors threshald levels for test result quality as
identified test criteria and the required variability; ref. to Pol. |well as pass/fail criteria.
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Smart Grid Rl “ERIGrid” — Achievements Erigrid:;

e Connecting European
® Smart Grid Infrastructures

i
Free access for user groups to
* Power system,
¢  Smart grid and

W

* DER laboratories
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Smart Grid Rl “ERIGrid” — Summary Ef'lg!"l;dé'.b

Connecting European
® Smart Grid Infrastructures

Validation methods and tools
— Integrated pan-European Rl
— System-level validation method and test chain concept

— Set of open access/source tools (co-/real-time/HIL sim)

Training activities

— Education material (450 impacted students,
450 workshop and 290 webinar participants)

Lab access programme Training of researcher and engineers

* Training schools

— 73 out of 97 TA user projects supported
(~175 persons, ~1,000 lab days) * Course/education material

e Tutorials and webinars

Various reports (~50) and over 160 scientific publications ...

© The ERIGrid 2.0 Consortium
EU H2020 Programme GA No. 870620 doi:10.5281/zen0do.6809637 Meeting with H2020 SINERGY 08.07.2022 8


https://www.erigrid2.eu/
https://erigrid.eu/education-training/
https://erigrid.eu/education-training/
https://doi.org/10.5281/zenodo.6809637

Connecting European
Smart Grid Infrastructures

Smart Energy Systems Rl “ERIGrid 2.0” — Key Facts Eri 2 id:s

CONSORTIUM COORDINATED BY AITags,zmw
= Extended and applied research based on ERIGrid

topics and achievements for SINTEF VIT
. ]]
— Smart grid and smart energy systems g I
— Digitalization with lab interfacing and aales OFFIS
data exchange for physical/virtual access > lab
Strathclyde SRR .o}
= Tight collaboration of partners P —
TU Delft Z Fraunhofcle;;
— 13 European countries involved
2
— 20 Partners from research and industry
O ormazasat @fHEDNO

— 21 top-class DER, smart grid, and
energy systems labs + 8 virtual facilities tecnalia J sz e

_ . . ~ ill= kane 38
10 Mio funding (~900 person months) \”RSE S|y cres % )

doi:
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2.0

Smart Energy Systems “ERIGrid 2.0” — Approach Eri

[ Networking Activities (NA) ]

Liaison with

[ Joint Research Activities (JRA) ]

T

Trans-national Access (TA) and
Virtual Access (VA)

/

\

(JRA1)

doi:

(JRA3)

(JRA4)

T

2 Connecting European
Smart Grid Infrastructures

e ERIGrid 2.0 — European Rl for Smart Grids, Smart Energy Systems, and Renewables Research Management of i ‘
Initiatives and L, |
Associations SUSTAINABLE, Low-CARBON ENERGY PoLicy Access Activities 1 1
L NA1 Market 2015 Paris Agreement (NAS5)
b ( ) Liberalization EC “Clean Energy for All Europeans” package Open Data ‘
8 e EU Vision 2050 { 1
< S N1 “»
a Dissemination Digitalization —— I Renewables o~
) L L] nausty Trans-national .9
— Communication, Building - -
Q | and Cooperation and Virtual S
< P : Access to ERIGrid > =g
S (NA2) Electrification e <) o
of Transoort | Tt Prosumers 2.0 Research &3 ‘ " -
§ g : Ir Infrastructure g . =
v : S T (NAS, TAL, = e i
g ! I e TA2, VA) E
Staff Exchange, meged g W S S =-\__/ e Industrial v
g Education — — — 1T Network —_—— - = user :
E and Training EU Energy Transition Goal: Creation of a low-carbon, secure, reliable, resilient, groups /
7 (NA3) accessible, cost-efficient, and market-based pan-European integrated energy system vendors . |
D \ / e Academic !
user groups N
e Project
consortia
Enhanced Improved and Integration and
Scenario and L. Improved and P g . (European &
Valid ation Extended RI Demonstration .
Test Case Methods Extended Tools Services T national
Creation (NA4) (JRA2) rojects)
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Smart Energy Systems “ERIGrid 2.0” — Test Cases

25 test cases based on 6 functional scenarios

Test cases documented with the ERIGrid-1
Holistic Test Description (HTD)

—> Facilitates the implementation at Rl level

Keywords assigned to test cases for the definition
of characteristics of technological areas

— Useful tool for users selecting test cases
— Test case profiles formed based on keywords

— Key words focus on 4 dimensions: 1) domain
under investigation, 2) phenomenon under
test, 3) type of assessment, and 4) test system

© The ERIGrid 2.0 Consortium
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ErIgrid:s

e Connecting European
® Smart Grid Infrastructures

Phenomenon under
test

Electrical and thermal sector coupling with power-to-heat units

Massive roll-out of power- to-X components & its impact on electrical domain

Description

Motivation

S Dower -to-heat servicel I (o] I
=] 2 [}

Use Case Thermal network optimization

- | _ | Verification of improv‘ | 4 & >
Verification of improved self-consumption of RES in a coupled heat & power network
using power-to-heat
[ 5 [OO e | |
Experiment Co-simulation of Electric Boiler Activation for Excess Power Consumption with
Setup Proportional Controllers

l Heat Network' ]

Sector coupling a major trend; focus on representing non- electrical constraints in
electrical domain; potential for commercialization demand
7 T

Test Case

Functional Scenario

Relevance
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Smart Energy Systems “ERIGrid 2.0” — Benchmarks

Three benchmarks

1. Electrical Network

2. Multi-Energy Networks

3. ICT-enhanced Power System

Extensive documentation following
PreCISE approach (based on HTD)

Current work focuses on
— Uncertainty representation

— Validation methods

doi:

Eri 2.0

e Connecting European
Smart Grid Infrastructures
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=
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Smart Energy Systems “ERIGrid 2.0” — Rl Cooperation &Il 2.0

e Connecting European
Smart Grid Infrastructures

= Accelerating time-to-experiment for remote Rl coupling via “Rl-as-Code” (RlasC)

— Prototype set of tools for . Data (Mesh) p——
icioni <— Orchestration (St I TA S
automated provisioning of rehestration (Star) E-AliElelM
distributed mobile R
compute nodes Q s
— Enables transparent inter- {1y
. . = A
connection via an overlay MU #1 E o———n : ;é@il -
EMS | 5 !
network i D s B~ ] s
HuT| |VIED| [Sim.| | Net. ,#I\(Tnl g Agent
. . Intf. #2 Intf. | |[Emu. ’ !
— Together with other ancillar T S S Q)—
8 ) o Y } | | i ('D) MU #2 § MU #4
services (network monitoring, e RT] g | S | —
. . T sim. i s | K3s
synchronisation, etc.) these | ot | e
tools provide the basis for . .
a flexible lab middleware Lab A Lab B Lab C
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Smart Energy Systems “ERIG

* Focus on

File Edit View Run Kenel Tabs Settings Help

* Simulation-as- =

-a-Service (SaaS): -

# lorenzpy
= Ripynb
0 untited dio

* Open data,
Data- as-a-Service::
(Daas)

* Virtual labs

[ untitieds.dio

o @ 7 @ Python3 [ ldie
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e Connecting European
® Smart Grid Infrastructures

Frequency Gauge - UK Grid Frequency Gauge - StrathPMU Voltage Phasor Diagram - StrathPMU

Instantaneous

Instantaneous

Smart Grid MVP Instantaneous

B+ X0 0 » = C Markdown ~

In Depth: Linear Regression

Just as naive Bayes (discussed earlier in In Depth: Naive Bayes Classificg
regression tasks. Such madels are popular because they can be fit very |
fie., fitting a straight fine to data) but such models can be extended to

@ Current Grid Status

In this section we will sart with & quick intuitive walk-through of the mat
gensralized to account for more complicated patterns in data.

Webeginw ~  Fie Edit View Run Kemel Tabs Setings Hi
smatplot] B <his<ront @y ik 49.940017 <67
import. colar="#f37626">pyt</ font=han 2
import L t
mport nl ) color="#137626">e</ font>booke/h1>
Simple @ s e Updated at: 182236 - Data as of: 07/03/20
e wil sta
A Raw NBCenvert Format
where a ls v GB Generation Technology
= s .
Considertl — L4 ool . ACTIVE POWER BALANCE
rng = gl W ol vatacuns 3 ; =
« = 200 o By Category 0 4] L + ) - 0 - 0
y=2m - = P, L SIS e i
ple. scat 4 o Q o L +)
3 o
Notebook Metadata
e [ Ranawahias 2( =
eee.strath.ac ge.html T
e
o Duinon . P P P "l - -
= Julia eyt x = Lorenzipyns .
s B+ XD 0w Markdown o Jual B + X 0 [ » ® C M ¢
s . = WIND Active Power - BATT Active Powsr & PV Active Power -+ LOAD Active Power
Julia python notebool
L
using ADatasets, Gadfly
wert_exparter”: Lot (dataset (“datasets”,"iris"), x="Se
i e T P e
+ =pygeonts_lexsr1 from ipywidgets import int
weotlll O s e We explore the Lorenz system Frequency
% equations:
wal "toc-autanumbering §
“toc-showcede" 0 g+
“toc-showmarkdowmtet k
}
Lets change (e, A, p) with wwﬂ r//‘—_bﬂr?
examine the wsjectories. 1if
e Tl
Eigen{Complex(Floatd}, Complex(Float wa . 1o T THT
64}, Array {Canplex{(Floatea), 2}, Array{Ca w
T T : fm n
10-elenent Array{Conplex{Floatsa}, 1}: S Jescriptiom iy
e s 1] s
o[ 6 & Python3|lde Q}“” wn }

www.erigrid2.eu/lab-access
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Smart Energy Systems “ERIGrid 2.0” — Lab Access Ef'lg!"l;d;.b

Connecting European
® Smart Grid Infrastructures

www.erigrid2.eu/lab-access
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Smart Energy Systems “ERIGrid 2.0” — Access Example Erlg!"l;défb

Connecting European
® Smart Grid Infrastructures

= User project “ColourPower” at the Distributed Energy Resources Test Facility (RSE), Italy

— Wavelet-transform based signal pro- University of ))- RSE, Italy
. . . Glasgow, UK ’
cessing for the validation of power :

flow tracing approach

— Prove the power sharing principle for
power flow tracing to determine the
share of loses in active distribution grids

— 183 tests records were obtained

Distributed Energy Resources Test Facility
o

(=
|l

R e LI 8 )
Start date 26/07/2021
=7 End date 06/08/2021
'j-g: - No. of access days 10

No. of stay days 14
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