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Background and Motivation Ef'lg!"l;dé'.b

Connecting European
® Smart Grid Infrastructures

= Planning and operation of the energy infrastructure becomes more complex

— Large-scale integration of renewable sources

(Distrib. Energy Res. (DER), like photovoltaics, etc.) _
nergy

Markets

Privacy

— Controllable loads (like battery storages,

electric vehicles, heat pumps, etc.) Pro-
sumers

Security
Threats

= Trends and future directions

Eme =
OW TO DEesign & VAL
SUCH A SMART ENERGY S

i 2

— Digitalisation of energy infrastructure

— Sector coupling (linking electricity, gas,
and heat grids) for higher flexibility
and resilience
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— Deeper involvement of consumers and
market interaction
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Needs and Requirements Eri 2.0

2 Connecting European
Smart Grid Infrastructures

= Separated design and validation of individual domains (power, ICT, heat, etc.) not sufficient anymore
= |ntegrated cyber-physical/multi-domain design and validation missing

= Reduction of manual steps necessary to handle complex system configurations

= Reduction of error sources due to Req & Basic | Detaled | Implemen- | oo
: Design Design tation and
manual steps required S = Protatyomg | Rolout
= Improvement of application/software Sofware. + ++ e
quallty reqUIred Lab Experiments ++ +
and Tests
= Faster application development needed Hardware-in-the-
++ ++
due to market behaviour and trends Loop (HIL)
Demonstrations / "t
field tests, pilots

- ... less suitable, o ... suitable with limitations, + ... suitable, ++ ... best choice
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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 Rl’s El"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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Key Facts Erigrid:;

Connecting European
Smart Grid Infrastructures

CONSORTIUM COORDINATED BY AITMQL
= Extended and applied research based on ERIGrid

topics and achievements for DANNELR vVIT
— Smart grid and smart energy systems g |
— Digitalization with lab interfacing and OFFIS
data exchange for physical/virtual access _— lab
Strathclyde .. 8
= Tight collaboration of partners E . o ) Z Fraunhofer
— 13 European countries involved "
E
— 20 Partners from research and industry o
O ormazasat < f HEDNO

— 21 top-class DER, smart grid, and
energy systems labs + 8 virtual facilities tecnalia ) ez 0SS

— 10 Mio funding (~900 person months) \ JRSE élllnm‘% e S
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Overall 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) ]

T

.

Eri

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

/

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

SUSTAINABLE, Low-CARBON ENERGY PoLicy

\

Market 2015 Paris Agreement
Liberalization EC “Clean Energy for All Europeans“ package Open Data
e EU Vision 2050
Digitalization " N = =——==== Renewables
Residental | gm0 Industry
Building
|
Electrification~, | 4
I e Prosumers
of Transport | PowerGrid 0 el
| =
| | Im
| Lk
t L | cHP
— gy Gl . T S T T T T T — = \__/
— — — ICT Network ——— — - =
EU Energy Transition Goal: Creation of a low-carbon, secure, reliable, resilient,
\ accessible, cost-efficient, and market-based pan-European integrated energy system /

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 Innovations

user groups r

e Project
consortia
(European &
national

rojects)

T
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Smart Grid Infrastructures
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Identification of Scenarios and Test Cases Erigrid:;

e Connecting European
® Smart Grid Infrastructures

= 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

Phenomenon under
test

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

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

Description

— Useful tool for users selecting test cases

P | T
— Test case profiles formed based on keywords Use Case e —
L I — | Verification ofimprov‘l =4 U:q' E

Verification of improved self-consumption of RES in a coupled heat & power network
using power-to-heat

[ 5 | S0F e | |

Experiment Co-simulation of Electric Boiler Activation for Excess Power Consumption with

— Key words focus on 4 dimensions: 1) domain
under investigation, 2) phenomenon under et SR e e ‘
l Heat Network' ]
test’ 3) type Of assessment, and 4) test System Relevance Sector coupling a major trend; focus on representing non- electrical constraints in

electrical domain; potential for commercialization demand
7 T

Test Case

Functional Scenario
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Development of Benchmark Models

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

2 Connecting European
Smart Grid Infrastructures

E

< L1111l £

5 - — &

E — = =

L bus_L: = - o

o T » & meas_voltoge_pu - L &:J

g — — =

= — e =

5 s

g TTTTTT

w bus_1:

plug_bus sefpoint_hp_p_el
I -
hp: setpoint_hp_p_el
plug_lood -
pump_tank:
v setpoint_mflow . setpoint_tank_mflaw

E ] Liit £
w1

- cond: - - -

o mxrf::’—mﬂaw b - setpoint_cond_mflow el | =

- - — — H

=] = [ie]

t tank: | ST méas_tank_téemp — : (]

g meas_temp = = = . E

& v hp: | —— h 1] Htl L=

pump_tank: hp: hp:  meos_p_el i CXO LRSS
flange_out flange_evap _in flange_evap_out
pipe_tank_supply: junction_tank_return: pipe_1_return:

E flange_a flange_3 flange_a

=

o

2 P measurement signal

2 ool |oo

[] s ] n o n > » control signal

E

@ M M

"E B———-7a electrical connection

B———-& thermal connection


https://www.erigrid2.eu/
https://doi.org/10.5281/zenodo.6397324

g Qoo
Tools for RI Cooperation Er10ritz
$ Smarcerid Infrmscures
= Accelerating time-to-experiment for remote Rl coupling via “Rl-as-Code” (RlasC)
— Prototype set of tools for . Data (Mesh) ———
icioni +— Orchestration (St =TS TS
automated provisioning of rehestration (Star) e 1 O|C W
distributed mobile R
compute nodes g s
— Enables transparent inter- {1y
. . z y
connection via an overlay MU #1 2 — —EQ) U4
EMS | ; !
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, o I ; — B : —
. . YT sim. i s | K3s
synchronisation, etc.) these = o . et
tools provide the basis for | .
a flexible lab middleware Lab A Lab B Lab C
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irtual Services Erigrid:;

@ Connecting European
® Smart Grid Infrastructures

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

* Focus on

Instantaneous Instantaneous

Smart Grid MVP Instantaneous

* Simulation-as-
-a-Service (Saa$) e e e

+ Bt © @+ KOO > m G Mekdown v Py O

128.08°

545150 V]

]
' / notebooks |
Name - B .
o —— In Depth: Linear Regression
[ ] - images " . . . . 49.940017
® Just as naive Bayes (discussed earlier in in Depth: Naive Bayes Classification) is 9 good for tasks, linear are a good starting point for 49.8 50.2
’ [ Attair.ipynb regression tasks, Such models are popular because they can be fit very quickly, and are very interpretable. You are probabdy familiar with the simpiest form of a linear regression model
‘\ (™ Cppioynb {i.e., fitting a straight line to data) but such madels can be extended 1o model more complicated data behavior.
Sata pymb
. B i IR this section we will start with a K intuit ough of ), before seeing how before MOVing on 1o see haw linear modets can be
D a ta - a S - a _S e rv I C e |7 e e generalized to account for mors complicated patterns in data. |
WebegnW = File Edt View Run Kemel Tbs Setings Help
* Lorsnz.ipynb 2 Launcher x = Altairipynb ® % Dulput View x

<h1=<tont
€olor="2137626">pyt</ font>hon
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-
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Advanced Tools - o0 ﬁ _Q
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) 1Pyran 37)
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* Virtual labs e

i S St

Console

- WIND Active Power -+ BATT Active Power & PV Active Power -+~ LOAD Active Power

Notebaok Metadsta
GRID Active Power

€
“kernelspec”: {
"display_nane'': "Python 3",
rthon®,

*Langual Bahend P P ey
) ame’ ython3' Ty x  Loranz ipynb . = Ripynb x
“langusge_infa" :,4 . B+ X MO » 8 C Mudown v Jlis?] @ + X O 0 » ® C Magown - Pymon3 O B + X T [ » 8 C  Mikdown ~
Frequency
| Julia | python notebook I R
extrx python,
thoa™, using Rpatasets, Gadfly A goplot(datasiris, aesix=Sepal.Len
SO e plot(gataser (" datasets™, “iris=), x="se
- smatplotiib nline

from ipyuidgets impart interactive, fized

“ipythana”,
P ersion®s “1.6.7" We expiore the Lorenz system of differential
equations:
oc-autonumbering” . t
“toc-shoveade": . 1
0 @ 7 @ Pyhon3idie “toc-showmarkdountxtis true } i
¥
o Let's change (g, 5, p) with igywidgats and
examing the traiectories.
edgen(x] from orenz impart solve_lorenz
Eigen{Conp Lex {Float6s) , Complex{Float w = interactive(solue_lorenz, sigras(0.8,50. LT
4 ArraptComplextPionteat. 2. Arryica w Sopstongth gl pestergth
g Luats interactive(children=(FloatSlider (valy o s i

TeSelenent Array{Cosplex(Flotes), 13t =18.0, description="signa’, max=58.81, Flo
2.7038B1566545465 + 0.0

atSUider{value=2. 6EGEEEEEEAEE... as an 14
R, 94459RIA ISR o 0. Ain

sue e pictis ' e se e WWW.erigrid2.eu/lab-access
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Lab Access Possibilities Ef'lg!"l;dé'.b

Connecting European
® Smart Grid Infrastructures

www.erigrid2.eu/lab-access
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Lab Access Example et | >P= | wse v | El"lg!"id;},

Connecting European
® Smart Grid Infrastructures

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

— Wavelet-transform based signal pro-
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

R s E Distributed Energy Resources Test Facility
s = [
= C A

() )
Start date 26/07/2021
End date 06/08/2021

No. of access days 10

No. of stay days 14
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Conclusions EN id:

! Connecting European
Smart Grid Infrastructures

= |ntegrated analysis and multi-domain, cyber-physical systems based approach needed for mastering
the complexity of smart energy systems

= Methods and tools for system-level testing as well as rapid configuration of lab-setups required

= Smart grid, smart energy systems, and DER research and development services (incl. physical labs)
are necessary

= Harmonization and standardization necessary (e.g., IEEE P2004 on HIL)
= Multi-domain education and training essential

= Rl/lab-collaboration on international basis very beneficial

doi:



https://www.erigrid2.eu/
https://doi.org/10.5281/zenodo.6397324

, ErIgrid::

Connecting European
® Smart Grid Infrastructures

O 0
o] "E"’
: o Privatdoz. DI Dr. Thomas Strasser

Senior Scientist

www.erigrid2.eu Energy Department
Electric Energy Systems

@ AIT Austrian Institute of Technology GmbH
Giefinggasse 2 | 1210 Vienna | Austria

T +43(0) 50550-6279 | F +43(0) 50550-6390

@ERIGrid 2.0 Project thomas.strasser@ait.ac.at | http://www.ait.ac.at

This project has received funding from the European Union's
Horizon 2020 research and innovation programme under
Grant Agreement No. 870620.

doi:10.5281/zen0d0.6397324 This work is licensed under a “CC BY 4.0” license.



https://www.erigrid2.eu/
mailto:thomas.strasser@ait.ac.at
http://www.ait.ac.at/
https://erigrid2.eu/
https://erigrid2.eu/
http://www.twitter.com/ERIGrid
http://www.linkedin.com/company/erigrid-project
http://www.twitter.com/ERIGrid
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.5281/zenodo.6397324

