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I Agenda OFFIS

* Introduction to the InterOpEnergy Project

* Key insights from the Whitebook ,Interoperability Tests in Energy”

* Development of Technical Frameworks

IHE Gazelle in Energy Domain

IOP Testing with Data Space Connectors

Al-based Test Case Generation

Consideration of current interoperability topics
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i An Example for Interoperability Challenge

Physical connections

WHAT THEY THINK
INTEROPERABILITY IS

011011010101
\., 010010010001 j - r
N ] '0\-’ A \’
[

P.l/ug and play, right?

WHAT IT ACTUALLY IS
XML — 277

JSON =777 ;
MQTT—-0OPCUA
Voltage # U -

v

Why doesn’t it just work?!?
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i ISGAN Discussion Paper on Interoperability

What you would learn from this document?

1) Which approaches are commonly used to improve the
interoperability of digital (ICT) systems in (electric)
energy sector?

2) Which approaches to improve the interoperability of
digital (ICT) systems in other sectors / domains can be
learned from?

3) What can be learned from?

Case Studies
> Integrating the Energy System (IES) Austria

> CIM profiling and proof of interoperability within the
scope of CIM IOP test activities (CIM Connectathons)

> SGlLab of the Joint Research Centre (JRC) of the European
Commission

30.06.2025 OFFIS - Institut far Informatik

InterOpEnergy UFFI
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Interoperabllity of digital (ICT) systems

In the energy sector

How to Improve the
Interoperability of Digital (ICT) @
Systems in the Energy Sector
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U Interoperability Testing is more than InterOpEnergy DFFI
I Conformance... .

Conformance Testing Interoperability Testing

Is a standalone process to ensure that the Is assessing the ability of two or more systems to
implementation conforms to specified standards exchange information and to make mutual use of the
and profiles, i.e., the implementation’s outputs and information exchanged.

responses are checked against patterns and rules.

ML Forman
> B XML Syntax Check
[ na - - - - According XML
Scheme (.xsd)
[prmm——— - According Schematron
Rules (.sch)

1|ES Cookbook: http://www.aico-software.at/media/files/IES cookbook.pdf

30.06.2025 OFFIS - Institut fiir Informatik ~ Smart Grid Architecture Model (SGAM)



http://www.aico-software.at/media/files/IES_cookbook.pdf
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I Integrating the Energy System (IES) Approach v__q{g_r’QpEnergy OFFIS

,Profiles“

Use case based,
cooperative
specification of data
exchanges using
existing standards

30.06.2025

Interoperability Testing Tool

IHE

GRZELLE
eHealth test framework
for interoperability

PROFILES

Technical 'I'aﬂ'
Framework

Community of users and v crdnm —

. Adoption* IES Connectathon Energy

" building a community Vienna, January 2019
as process owner
and share publicly

process organize publish accessible results

-' (profiles, tests)

»1ests” Test Event
vendors test their prototypes in an
early stage of implementation

OFFIS - Institut far Informatik 9
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I IHE Gazelle

30.06.2025

InterOpEnerqgy UFFI

o —>o—>e |S

Mongar Checks Evidences
Verll
Hannad

Grading

performs &s System uncer Tast

System under Test
-

-AQ'

Information
~
exchange

Get Tast Plan Get Test Plan
Fird Test Partner Find Test Parnes
Log Evidences Log Evidances

Get Test Report Get Test Report

£ &

Validation

Assertion

Test Manager Manager Security Suite Sorvices Simulators
manages test manages IHE Profile  captures on-the-wwe verifies conformance emulate IHE actors
campaigns speciications messages exchanged conformance venfication of and facitate tasting of
from start assertions and fnks between producis 10 Security services, messages  stand-gfone eHealth
to finish, them 1o test plans to validate protocols. and documents. products,
in Test Manager. conformance.
OFFIS - Institut flr Informatik 10
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Project Duration | 36 Months

Project Runtime | 15t July 2024 — 30" June 2027
Funding Code O3EI6066E

Consortium OFFIS

BMIMI (as associated partner)
Budget 310.282,42 €
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I What is InterOpEnergy? .sz:ngEnergy OFFIS

v

* Improve Conformance and Interoperability Testing by adapting/expanding the IES Methodology
with regard to IHE Gazelle

* Promotion of existing research and its adaptation with regard to the interoperability testing tool
IHE Gazelle, which is established in the healthcare sector

* Laying the foundation for future ENERGY Connectathons (Interoperability Testing Events)

* Events where system developers and suppliers come together and test their systems for
interoperability

* InterOpEnergy would like to enrich the execution and planning of Connectathons with providing
Technical Frameworks for two concrete use cases (provided as open source)

* Increase interoperability efforts, particularly the testing in the energy sector
* Provision of support for interoperability efforts on the part of InterOpEnergy, especially in testing
* Cooperation and participations in networks, such as ISGAN or EraNET/CETP Channels
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I Objectives

++ Selection and Definition of two Use Cases
> Time of Use Tariff for Smart Electric Vehicle Charging
> CGMES Data Exchange

+» Development of Technical Frameworks
> Guidelines for implementing and testing interoperable solutions

+» Development of a Test Platform for Interoperability Testing
> Use of the IHE Gazelle from the healthcare sector

+» Definition and Integration of Test Scenarios
> Design and integrate test scenarios and sequences into the
InterOpEnergy test platform
++» Efforts to improve the energy-related Connectathons
> Providing Technical Frameworks for the Use Cases

> Publish results according to FAIR criteria (e.g., via GitHub or
NFDI4Energy)

InterOpEnergy OFFI

orbobe IS

Connectathon

Product Regxbtry

results & mhhsh ,
statements
success stories '-

w
2
ot Technical Frameworks &ssm«Tinwmpcml»ilitv
=i S
o . -
=i integration
= . implement
EF rofiles i
g: ? . t' solution
= IeS ce . 2
A est practice vendor
: €13 2Bl Z|E apply ! equally
. - - e C AN
- <| & #Hal E|I7 -
o
user InterOp@Energy — g
purchaser it

vodor || pHIQ  aad~

tandards

stakeholder — plannimg & technical committee



{ Use Case #1: Time-of-Use Tariff for InterOpEnergy OFFI

. . . oo —be 1S
I Smart Electric Vehicle Charging v
PA
owc aax awe gme  ome ome owe ome axe o * Smart Charging of Electric Vehicles acc. Time of Use-Tariff
WS ek wh o ek wh feWn ewh o AWe Ak e
S I SO St > Development of a CIM Profile for exchanging dynamic tariff data
> Establishing IHE Gazelle including a Technical Framework for the UC
014 0,12¢
R
awn
020¢
Jwh 0.0 S8
020¢ oo (N n 0,00¢ s l
AW S~ | e s | . —
T;;-l Tier 2 Tier 3 < IMDataTe
* Relevant Actors/Standards: — = . I by TR
> Energy Broker/Delivery Broker e B N e L ey

> Customer Energy Manager - o el e o |
> (Smart) Electric Vehicle Charging Station
> Electric Vehicles

> Common Information Model (CIM)
> 1EC 63380 PR .,, | occonve e e
> Smart Grid Architecture Model, IEC 62559 Use T o o =

Case-Methodology, IES Cookbook, ...
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I Use Case #2: CGMES Data Exchange .mgngEnergy OFFIS

 CGMES (IEC 61970:600) is an extension of CIM

> Netword Codes Specifications for Contingency, Equipment Reliability, Grid
Disturbance, Remedial Action (Schedule)

> Defines the Data Exchanges between Transmission System Operators, Distribution
System Operators, Software Vendors

* Our Focus (so far) will be on Grid Disturbance Profile



IES Workflow

USER/ f2es
PURCHASERS ‘M‘L.l.

PARTICIPATE

IESEC.
BOARDS

COMMITTEES
GOVERNANCE

COOPERATIVE
WORKFLOW

VENDORS / gooe
. B
DEVELOPERS ‘hjl}m

30.06.2025

COLLABORATE
n rolling process

susmIT
New use cases

INTEGRATION
PROFILES

DEFINE
Use Cases

NORMATIVE USE
Existing standards

SPECIFY
Profiles

PUBLISH
Specifications

USE CASE CENTRIC
TECHNICAL FRAMEWORKS

BASED ON EXISTING STANDARDS
150, ETSL IEEE. IEC, VMPready

INTEROPERABILITY

&
CONFORMANCE
TESTING

CONNECTATHON
ENERGY

SOFTWARE
DEVELOPMENT

CONNECTATHON
RESULTS
&

INTEGRATION
STATEMENTS

REGISTRY OF
INTEROPERABLE PRODUCTS

susmIT
interoperable
anergy IT solusons

OFFIS

&
B PURCHASERS “Ui
If

MARKETPLACE FOR
INTEROPERABLE PRODUCTS

R T T

YT
VENDORS QL_J:]J =,

www.iesaustria.at

11ES Cookbook: http://www.aico-software.at/media/files/IES cookbook.pdf

OFFIS - Institut far Informatik
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I Connectathon Energy OFF=S
* Annually interoperability testing event for 1 avesss rois fors —
vendors to test their products at an early stage [ —

6 il 10 281 o Upcomeg sesd
of development ] s e e ot e
. Use Case proposals T sm istration

* Seven months prior the Connectathon Energy mmmirel m:::;www'

the Integration Profiles have to be published H Petwirtpins [ RS — 5

and integrated in Gazelle to create test cases 3 sty e e e [ ..,....o..m_....’
* Four month prior the Connectathon Energy l%il

vendors can register their systems for being g T I o ([ iy

tested and can perform conformity tests i m....m,mmmmu ~ [ -
* The Connectathon (Energy) should take one Mm"';m'"";" . e ;:-

week to have enough time to fix issues that - w

were detected during the tests Figure 4. IES timing s canired on the annusl Connectathon Energy

11ES Cookbook: http://www.aico-software.at/media/files/IES cookbook.pdf

30.06.2025 OFFIS - Institut far Informatik 18
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i Impression from Connectathon OFFIS

© Tim Nebel __

Valerie Reif

30.06.2025 OFFIS - Institut far Informatik 19



Our Roadmap

Phase 1:

Fundament

Phase 2:
Concretization

Phase 3:

Output

Project Start

PoC: IHE Gazelle

+ Example
July 2024 Aug. 2024
IHE Connectathon 2025 Al-Based Test
Cases
June 2025 Q3 2025
IHE Connectathon 2026

June 2026

Refinement of
(Test) Use Cases

Sept. 2024

Schematron #1
Done

Q3 2025

#2 Ready for Testing +
Technical Framework

Dec. 2026

InterOpEnergy DFFlS

°—’O—bo
v

Dataspace IHE Gazelle Whlteb00|.<5
Interoperability
Connector Energy IOP .
Integration Ready + Example VESLI 17
Energy Sector
Nov. 2025 Feb. 2025 June 2025
#1 Ready for Technical
[ Testing Framework #1
Q4 2025 Q4 2025 Dec. 2025
IHE Connectathon 2027 Project End
June 2027 June 2027



InterOpEner
Our Roadmap oo e ¥ 9y OFFIS
Whitebook:
Phase 1: . PoC: IHE Gazelle Refinement of DI LEERRE Interoperability
Fund t REojecEoLant + Example (Test) Use Cases Cerinesitel ENE Gy 017 Testing in
undamen P Integration Ready + Example g
Energy Sector
July 2024 Aug. 2024 Sept. 2024 Nov. 2025 Feb. 2025 June 2025
Phase 2: Al-Based Test Schematron #1 #1 Ready for Technical
Concretization IS e 2 Cases Done [ Testing Framework #1
June 2025 Q3 2025 Q3 2025 Q4 2025 Q4 2025 Dec. 2025
Phase 3: IHE Connectathon 2026 i Rea‘dy i IESH IHE Connectathon 2027 Project End
Output Technical Framework

June 2026 Dec. 2026 June 2027 June 2027
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Our Roadmap oo e ¥ 9y OFFIS
Whitebook:
Phase 1: . PoC: IHE Gazelle Refinement of DI LEERRE Interoperability
Fund t REojecEoLant + Example (Test) Use Cases Cerinesitel ENE Gy 017 Testing in
undamen P Integration Ready + Example g
Energy Sector
July 2024 Aug. 2024 Sept. 2024 Nov. 2025 Feb. 2025 June 2025
Phase 2: Al-Based Test Schematron #1 #1 Ready for Technical
Concretization IS e 2 Cases Done [ Testing Framework #1
June 2025 Q3 2025 Q3 2025 Q4 2025 Q4 2025 Dec. 2025
Phase 3: IHE Connectathon 2026 i Rea‘dy i IESH IHE Connectathon 2027 Project End
Output Technical Framework

June 2026 Dec. 2026 June 2027 June 2027
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Interoperability Testing in Energy OFFIS

* The Smart Grid are a prime example of a
System-of-Systems (SoS).

%‘ z::-mt. complicated complex system

i * The following characteristics are be identified for
] DD | a SoS:

§ wm

e Autonomy: SoS can adapt and function even

if some systems fail.

{; * Belonging: Participation is often based on
mutual benefits.

w o—(jj——- e Connectivity: Systems are connected in many

ways to enhance collaboration and efficiency.

——_— s dvpaiooga * Diversity: The SoS benefits from having
> different kinds of systems working together

diversity, variety, scale
* Emergence: New behaviors or abilities can
appear when systems work together.
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Development of Technical Frameworks

e Structure of Technical Frameworks

Technical Framework

Business Overview
(operation basics, targets, issues)

Business Functions
(def: meta-actors, interop, issues, sol.architecture)

Integration Profiles
(spec. Interop. Use Case to impl. requirements)

Transactions

(communication procedures)

Actors
(software modules)

HERIR
OFFIS

Our Technical Framework is based on the
SGAM and IES Technical Framework
Template, it defines how interoperability
is to be implemented following a
Top-Down Business Logic:

X/

o0

*

L X4

L X4

o0

It identifies the target audience
and their needs.

It clarifies the objectives and scope of
interoperability testing.

It provide a consistent basis for
semantics, syntax and pragmatics in
technical implementation.

It describes the application of
existing standards and best practices.



Whitebook

Development of Technical Frameworks

* Volume 1 provides a high-level overview of interoperability:

HENIN
OFFIS

Technical Framework

Business Overview
(operation basics, targets, issues)

Business Functions
(def.: meta-actors, interop, issues, sol architecture)

Integration Profiles
(spec.. Interop. Use Case to impl. requirements)

Transactions
(communication procedures)
Actors
(software modules)

Opmstion 5f Elastric Vehicle Charping
SN00n Wil Time of Une Taoilt

BN N ¥ R

NN N YN

Business Case Overview (informative):
¢ Typical use cases
¢ Relevant meta-actors

+* Related standards

Aoy X

Enecgy Beoker Customer Energy Manager

A X

Elgctnc Vatvcle Charging Staton Electic Viahicle

IEC 63380: Description of the operation of

charging stations

IEC 62746-2: Description of the Time of
Use Tariff Use Case

ISO 15118: Description of the vehicle-to-
grid communication interface for bi-
directional charging/discharging of EV




Whitebook

Development of Technical Frameworks

* Volume 1 provides a high-level overview of interoperability:

Jognd
OFFIS

Technical Framework

Business Overview
(operation basics, targets, issues)

Business Functions
(def.: meta-actors, interop, issues, sol architecture)

Integration Profiles
(spec.. Interop. Use Case to impl. requirements)

Transactions
(communication procedures)
Actors
(software modules)

Business Functions (informative):
+» Describe interoperability issues with
IEC 62559 Use Case Methodology
** Use Case Diagrams

Incenlive schome.
Vehicle charging inh




Whitebook

Development of Technical Frameworks

* Volume 2 provides a low-level overview of interoperability:

(]
OFFIS

Technical Framework

Business QOverview
(operation basics, targets, issues)

Business Functions
(def.: meta-actors, interop, issues, sol architecture)

Integration Profiles
(spec.. Interop. Use Case to impl. requiremenis)

Transactions
(communication proceduras)

Actors
(software modules)

Integration Profile
Send Incentive Table

- offis ey

Name of Integration Profile
Contant of ktegration Profie Detal of Tramaactions
Overwee ¢ Towesacton ¥
sty evd Navesctens E
o | ==
' =
rowncms Dagere

Integration Profiles (informative and normative):
+* Technical solution for a specific interoperability issue from Business Function

+ Definition of transactions

+ Definition of the actors that are involved
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Development of Technical Frameworks DFFIS

* Volume 2 provides a low-level overview of interoperability:

Technical Framework [ e

Business Overview
(operation basics, targets, issues)

Business Functions
(def.: meta-actors, interop, issues, sol architecture)

Integration Profiles
(spec.. Interop. Use Case to impl. requirements)

L
Transactions
(communication procedures)

' ) 1 '
' 1 ] 1
' 1 1 '
' il ] '
' 1 1 )
Actors ' ] ' :
I . il
' 1
! Data Object ' Transacsicn 2 ' Data Object '
- +Duta ! : ~?-uMmlnm : Process
Transactions (normative): : \ .
o . ' Dt Object H ; '
*» Procedures required for \ 8 || : : e
interoperable cooperation E E E ;
%+ Specification of the actors B e et : e R '

)/

+» Specification of the IT standards
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Development of Technical Frameworks OFFIS

* Volume 2 provides a low-level overview of interoperability:

Technical Framework

Green Stations e.V. Dashboard

Business Overview Status o e S =
(operation basics, targets, issues) _ Sm“w:‘ ' i o sratvun;:
Vol.1 [ . : oW " "y = ‘ = 0w
Business Functions [T . - . Gid AW 93 o £ B e
(def.: meta-actors, interop, issues, sol.architecture) @ ) 31 Y ¥
Integration Profiles Incentive Table
(spec.. Interop. Use Case to impl. requiremenis) - - ol
Transactions
Vol.2 {communication procedures) I I l I ' I l I '
(software modules)
Actors:
* Implementation examples to realize the actors that perform transactions
+» Software tools/stacks/platforms that can be used

R/

% Reference implementation(s)
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Development of Technical Frameworks DFF'S

* Design and validate Use Case-related Test Cases:

[Tt Case 1D TC-ToUT-00L Titla Valudation of the Semener Wames Tune |
changeover m the Time-of-Use Tariff
e Case
Relatd T ToUT_EV Ralated  lnceutrve baeed tabis for nscgy
Test prototype solutions on annual Connectathon and Test Priority__ Figh i
. . . . . i ® Enegy Broker has an esablsshed conmection 10 the Customer Enengy
iteratively improve the Integration Profiles: | Mager Time is synchocssed
Test Data . TC-ToUT-001_OK:

. . . . ) Note: Special Case Chock: Transition from 02,00 10.03:00 CEST
+» Specify test cases according to Integration Profile L

¢ Execute test cases with at least two independent peer vendors Eon * The system automancally applies the comecs el zane whes the time
+» Add test cases, procedures, description and criteria to test a ___(Schemation Rule IDs cosld be mentioned be

environment (Gazelle)
+* Implement conformity validation tools (e.g., Schematron)

+» Capture data transmitted during peer-to-peer communication
(e.g., trace via proxy)
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Integrating IHE Gazelle in Energy Sector

* Conceptionalization and Adaption for =
energy-related Use Cases and Standards IHE o ey
* Usage of IHE Gazelle Ecosystem @ | Gazelle Schematron
1 Vvalidator and EVS
. . Frontend
e Consideration of energy-related Data Schema 7y
.. le. g EEBUS ToauT Speciticabon) L%
Problems and Conditions (e.g. System- e
azelle Tes =
Of-SyStemS) l Compliance M.mug”“m B
A Tos:hnka!Frammrk ‘
XM L - Interoperability 'é:ar:;] Ir::::va; r“::’:’::’:vr:; !
. . . Data Insta:
* Supporting the Organization and ~ pryfeiminy y @
. winstances
Execution of energy-related Test @ ﬁ Gazelie Proxy H SN
. (-4
Sessions and Connectathons System A O
la.g. Customer Energy Building) Further Gazelle - .
Modules




' Validate XML Document

mformaron

File Name

I Some Screenshots...

Curale Proxy

Chamm| b

_ERROR_Prage e &
1235
FI2% TE295 PN (CET GAIT-0180)
I Timse af Ui Tere® (ToUIT) (Varsion 2§ 1-SNAPSHOT)

12 mon Rexponzer 1 1051010
B4 &  Resgonter Pon A0
10090 Mesasge emgth Ao

tions $  Action

Avallable S Action

External Validation Service Front-end

Add-gns ~

Mossags oulals
Purreasaat by Mmoo o A oy mavesgeetht sewroxd e Y initiator
o % ittaater i
Caomection O wd
Ingex 3 -y a ithater Port
Date Reoulved 2425 10 50 16 AW (CET GMT+210% Provy Port
Tyze Aoty
Headers Dedaultirrpdinguenm | ekt dhlin)
HITP/1L 00 On
Tute: Pri, 15 Ten 029 0052018 W1
Cretwrn- Type: spplicetionlsnl;rherterir .4
Tantord -Lomgthy 15451
Metataia
Mossaga contant
4d Qv
“raml 3.0" UTP-B" P inatl: g "Wht: [ fvvd, bne - chy TN/ JO0R)
Pt comipr ol e/ Tcent Sudhi limme ">
Sanl ade s
Gl Vorbogeta/md Varts
Il Jove o
oo g o Lot Low (55 1229 36 b5 TSttt =1 Ot Corrul ot Lanle
“invd teadery
sl g lys
Ol P D e A /il R L pLoatey
il Raplyr
w0al Py dnad s

Whtm: L iekarey

’ CIM Genenc Request/Response Object ©

¥ CIM Time of Use Tardf Response ™ vaiidate
Content selection 8 vaidation
[l Statistics
. Upload the file you want fo validate
Lotsd sl Lgion Tha
omoninValamesObiect  ~ R ‘ Ardd
)il L I g propect 1 eREK &

Im Tow wnt Sary upper Dowrdary shack! be reseng B regresent rfrvly for comsunoion
=

Taosts

D e PO TERTI



' Transter Data Plane - Consumer Pull

\ﬁ ‘Consumer ecosystem Consumer EDC Provider EDC ] [Provider ecosystem |
‘ | ]
In \ Backend Service | | || Control Plane Data Pians Selsctor | | Data Piane | ' Data Plane | | Data Plane Selector | | Control P1ane | Backend Service I 3
T ‘ : \ | T T P—yp——
' : Start Transfer Process (assumos contract has already boen negotiated) } . ' ‘
1 send data request with destination type HitpProxy : : | |
N - - |
H l | _ 2 resolve data plane instance |
Ir ' f LF“: plans mstance ;
E generale an access :
| 4 token en crzate data |
| addrass wath type EDR |
| < |
: ' amework
\ [ wrowerk bt £V
{ : ¥ b Une Tty
| 7 query dﬁa (any verb ) g
" - e
i | ne
: i 9 valdate token ) g Snatii)
- | . |
e Ir ; 10 data address ' ’
re O 2 11 quary data : : =
& 12 data | !
E - : : : ;
13 rotum dat Extended Logic 1 ' i \
: "_‘—‘1: for Gazeile integration )5 ! | » i )
| Backend Service | | || Control Plane | Data Piane Selector | | Data Plane | | Data Plane | | Data Plane Selector | | Control Ptane | Backend Service |
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Al-based Test Case Generation

Usage of Large Language Models
(LLaMA 3.2 and ChatGPT 40) and
Retrieval Augmented Generation (RAG)

Consideration of Internet, Domain
Knowledge and Use Cases

Our Approach considers 3 Phases:

Phase 1: Generating Test Cases and
Schematron files from Use Case

Phase 2: Generating Use Cases from User
Stories

Phase 3: Generating User Stories
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Al-based Test Case Generation

-

AN
OFFIS

g

LLM

Structiared data

LLM

Test Case ID TC-ToUT-001 Title Validation of the Summer/\Winter
Time changeover in the Time-of-Use
Tarill Use Case

Related ToUT_EV Related Incentive-based incentive table for eoergy

TEC 62559 Use Information production copsumption with price of

Case Exchanged enérgy aodd ‘o delivery fee

Test Prioity High Test Type Functivend / Interoperabilsty

Preconditions * Energy Broker has an established commection to the Customer Energy Mannger

o Time s syaclaoaized
Test Dita o examples TC-TeUT-00]1_OK:
Normal test file thar should pass the test
Nove: Speciol Case Check Transition from 0200 1o 03 00 CEST
® e
Expected Result o The system automatically applies the coerect tanff zone when the time changes.
Test Step Nr, Action Expected Resalr
1. Check conformity according the syngacts ©  Should be compliznt to XSD and Basic
semantscs Schematron Rules
2 Setan mterval of o tier shortly before and  The exchangad data nusst cleardy represent
after the time changeover distinct aud nnambiguous time intervals,

even during the DST transition:

o Ench timestamp must be nnigue and
comtextually clear (e.g.. with tine zooe
or DST indscator ).

o There must be 00 mnbiguiry between
repeated or skipped time valves (e.g..
“02:007 darmg DST change)

1. The interpeeting system uses and The istespretmg system must:
understands thes data in its coatext o Caomectly interpeet and apply the
teme inervals 5 intended,

nccnomting for the NST
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Key considerations in data management for interoperability testing
*  Two Major Challenges of Conformance Testing:

* Reproducibility and Scalability
* Definition:
* Reproducibility means results can be independently verified with the same setup.
 Scalability is a system’s ability to handle growth without losing performance or reliability.
* Solution:

* Testing Profiles used in one system should be interoperable with those in others, based on
a shared testing ontology.



i Whitebook

Key considerations in data management for interoperability testing

* Three Different Stages of Reproducibility:

Repeatability Reproducibility

Replicability

]

]

* Two Strategies of Scalability:

CPU capacity
xN

CPU capacity
N

CPU capacity |
xN

=

N

w

CPU capacity
N

OFFIS

Same people use the same setup to repeat results
Different people use the same setup to reproduce results

Different people use different setups to replicate results

Vertical Scaling, which involves
enhancing existing hardware
capabilities, such as increasing CPU
capacity, memory, or storage.

Horizon Scaling, which involves adding
more hardware or nodes to distribute
workload and improve overall capacity.
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Key considerations in data management for interoperability testing

*  FAIR Principles of Data Space:
* Findable: Each node in the Data Space from the participant connector can publish a self-description.
* Accessible: The Data Space Connector supports standardized access to data.
* Interoperable: An information model serves as the basis for metadata format and semantic interoperability.
* Reusable: The usage policy based on data sovereignty.

* Instances from Interoperability Testing: * Other Data Space-related Projects:
www | ¢ Use of persistent identifiers like DOIs or URIs ¢ Intnet .
@ should be assigned to all datasets and * NFDI4Energy in Germany
\ metadata. * RISEnergy S e
i * ERIGRID 2.0 Int:net
¢ Use of standardized formats, such as JSON, : e
@ XML, or RDF, and annotated with controlled ; @
vocabularies or ontologies by the relevant 28 nfdid -
community, such as CIM. energy RISEnergy
—— -+ High-quality metadata describes the content, Ef'lgf'ld
structure, and provenance of data, such as Data Ritaie

Catalog Vocabulary (DCAT) or schema.org



Conclusion

InterOpEnergy

* Join us and bring your Systems and Solutions to the
testing event!

* Especially relevant: Solutions for incentive-based
EV Charging and Common Grid Model Exchange
Standard (CGMES) Use Cases

* Standards considered: EEBUS Specification, IEC
63380 (EV Charging Stations), IEC 15118, CIM,
CGMES

* Save the Date: Test Session planned at 2026!

[m] ¥ [
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OFFIS

Whitebook , Interoperability Testing in Energy”

* The Whitebook is in release progress (Q4) — feel free
to reach out for more details

Advancing technical frameworks for
interoperability

Leveraging IHE Gazelle in the energy domain
Enabling IOP testing with Data Space Connectors
Utilizing Al for automated test case generation

Perspective on current topics like FAIR data and
Data Management

Check QR to find more
information about InterOpEnergy
and our Whitebook



2r. Mail: mathias.uslar@offis.de
Mail: rene.kuchenbuch@offis.de
ion Leader. Mail: jirapa.kamsamrong@offis.de
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