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Antitrust and Intellectual Property Admonition

* All SunSpec meetings are conducted in accordance with the SunSpec Antitrust Policy and
Intellectual Property Provisions defined in the SunSpec Member Agreement. This
agreement can be found at: https://sunspec.org/sunspec-membership-agreement

* SunSpec strictly prohibits market participants, and their employees who take part in
these activities, from using their participation as a forum for engaging in practices or
communications that violate antitrust laws.

* Confidential or proprietary information should not be discussed in open session. Please
contact SunSpec management if you have any questions.
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Agenda .’ﬁﬁ

* Opening remarks about the InterSTORE project: Antonello Monti presenting

« |IEEE2030.5 LPC and client/server library with configuration tool: Matjaz

* Testing procedures with short Ul demo: Nithin & Alessandra

* Architectures and environments tested, lessons learned and main KPIs
reached: Daniele Carta

* Practical example of the IEEE 2030.5 (client/server library) and LPC
implementation on EMS and REC sides: Nikolaj

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




Interstore

\nteroperable opel\-source [ools to Enable hybRidisation, utiliSation, and

mone/isation of stORage flExibility

Key Facts

Antonello Monti
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Opening remarks about the InterSTORE project .’ﬁ

Project acronym: InterSTORE — Interoperable opeN-source Tools to Enable hybRidisation, utiliSation, .

and moneTisation of stORage flExibility ."

» Type of Action: |IA

> GA N°: 101096511 () JiLich 7

> Call & Topic: HORIZON-CL5-2022-D3-01-10: 24 ’" ¥
broposals submitted: 3 funded (us, PARMENIDES (AIT), Y PE B
FlexCHESS (UNIVERSITE D'AIX MARSEILLE) E.T°N 33

> Starting date: 01.01.2023 mTH e CyberGrid

» Duration: 36 M *

> Budget: 4,355,197.5 € (=55 1;‘ )

» EU contribution: 3,498,630.75 € A " '«-Q

» Project Coordination: Prof. Antonello Monti (RWTH) y

» Project manager/Technical coordinator: Alexandre @ nescrec ’» & enel X
Lukas (INESC) CaD\!}L@H@ g ‘ < = = ENGINEERING

L]

) This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
x The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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A Middleware allowing Interoperability data exchange~

\#
\#

FLEXIBILITY AGGREGATION PLATFORMS DISTRIBUTED ENERGY MANAGEMENT SYSTEMS
EMS & HYBRIDIZATION LEVEL

Publisher Publisher _ subscriber |

e.g. |[EEE 2030.5 over NATS
(TBD in WP1 and WP2)

Y
Publisher | Subscriber Publisher | Subscriber Publisher | Subscriber Publisher | Subscriber Publisher | Subscriber DER & DES LEVEL

CILFENERGY

FLEDGE CILFENERGY
POWER ﬁ@openLEADR

“Modbus  nterce

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




A fully interoperable solution based on IEEE2030.5

> TOOL 1: INTEROPERABLE CLIENT/SERVER FOR > TOOL 2: LEGACY SYSTEMS PROTOCOL
DISTRIBUTED ENERGY STORAGE CONVERTER
> Client
é library Server ModBus

library

Client

o o -
PP
library >

7\ : 4 Pl
® / M @ @ ¢ ~ >
Server \ / n . IEEE native | '\ T /
. IEEE 2030.5 native messaging | library e E 2030.5 native messaging “\1\,\ 0
Elita over NATS 1 mart over NATS A~

library

IEEE native

(O I <

©C]ientTestLibrary

test cases

« Extended capabilities of IEEE2030.5 by mapping to NATS opening to /
multi-multi communication

© StartTestRequestMiddleWare

* Interoperability with legacy devices thanks to a Legacy Protocol e TouTsTopc)
o Subscri eToNATSToplc
Converter supporting all typical alternative used in industry /)
. © ServerLibrary
* Testing procedures

ksponse (Communication From Server)

@ ResponseofTestMiddleWare

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511. o PublishResponseToNATSTopic()
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the o SubscribeToResponseNATSTopic()

information contained therein.




Interoperable Data Spaces Framework .@

TRUE Connectdr’ _ - I
- Blockchain

- Open Source GUI Push Mechanisms ’
- External service BE
Notarization integration

Startlng V1.1.2 V1.2.0
point 2023 October December
(M1) 24 (M22) 24 (M24)

i
I‘L

General Purpose - Data exchange - IEEE2030.5 via NATS
Data Space 4 optimization Integration
Connector

- Energy Domain
Standardization

- Fiware Context
Broker Q _@ o
- IDSA components & S=E ~

- Fully Open-Source advanced GUI
- Data Exchange Blockchain Notarization and Verification
- Push mechanisms and External Service integration

- [EEE2030.5 integration
- Scalability and performance optimization (up to 90%)

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
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Project Legacy: CUPID in LF Energy (Linux Foundation Europe) ..’
&P
- Linux Foundation Energy under the name CUPID, which has been disseminated in different events for .‘

communities to engage and contribute as this will be the future stage for the InterSTORE project developments.

https://qithub.com/cupid-project

= 0 cupid-project Q. Type (/] to search 8 ~ +~ @O 11| &

(M) Overview FEJ Repositories 3 (3 projects & Packages R People

cupid-project Unfollow

Popular repositories People

This organization has no public members. You

Legacy-Protocol-Converter Public interoperability-common Public ;
must be a member to see who's a part of this
organization.

® Java ® Java 9

Client-Server Public Top languages
® Java

® Java

Report abuse

] Repositories

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
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Interstore

Open-source Interoperability Toolkit
Legacy System Protocol Converter

Matjaz Juric
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&

Open-source Interoperability Toolkit NP

@
Completed design, implementation and validation of the toolkit. All software tools reached .‘
operational readiness and were delivered for pilot deployment.

 Legacy Protocol Converter (LPC)
* Interoperable Client/Server
» Testing Procedures

» Data Spaces Framework

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement
No 167C Yo dTi. The autaui reflects the views cnly af the auihiers) amd e European Commission cannot be held responsible for any use
which may be made of the information contained therein.




&

Legacy Systems Protocol Converter N
\#
Legacy Systems Protocol Converter (LPC)

* Provides simple and configurable transformation between legacy protocols and IEEE 2030.5

Supported protocols:

* ModBus (serial and TCP)
* MQTT

* NATS (for IEEE 2030.5)

Supported IEEE 2030.5 formats

* XML

 JSON

 All 321 IEEE 2030.5 elements are supported

: This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
* The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.
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LPC Key Features

Built-in Transformation Framework

* Users can define mappings and transformations for converting messages between different
formats and structures.

Configuration File

* LPC utilizes a configuration file to specify connection details for NATS, MQTT, and Modbus
devices

* Simple setup and management.

Flexibility

* LPC supports multiple transformations

* Each with distinct incoming and outgoing connections, message formats, and structures

* Diverse integration scenarios

Deployment Options

* LPC can be deployed in various ways, including Docker containers, Raspberry Pl, loT devices,
servers, Kubernetes, etc.

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




NATS - Cloud-native Communication Backbone @

NATS as the foundation
* Shift from the traditional REST APl-based communication to NATS messaging.
* Asynchrnous communicaion improves real-time data exchange and makes it more resilient.

Flexibility in Message Exchange

* The LPC's architecture enables support for various message exchange patterns:
* one-to-one, one-to-many, and many-to-many communication.

* Versatility for diverse integration scenarios within the smart grid.

Example of Many-to-Many Communication
* LPC can subscribe to messages from multiple incoming connections (e.g., devices using Modbus
and MQTT) and then publish transformed messages to multiple outgoing connections (e.g., EMS

systems using |IEEE 2030.5 over NATS).

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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Hardware Requirements

LPC can run on any computer, embedded device or virtual machine
* Docker — pre-build image available in docker Hub

* Virtual machine

* Execute Java JAR (requires Openl]DK JRE)

* Custom build from source code

Any OS that can run Java
* Linux, Windows, MacQO5, etc.

Low Requirements

* Low memory (256 MB or more) and processor (can be run on Raspberry PI).

* Optimized for Docker

* Optimized for Kubernetes for high available, resilient, high throughput scenarios.

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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Legacy Systems Protocol Converter

<Event>
<creationTime>1702909917932</creationTime>
<EventStatus>
<currentStatus>l</currentStatus>
<dateTime>1693216835000</dateTime>
<potentiallySuperseded>false</potentiallySuperseded>

</EventStatus>
<interval>
transformations: <duration>900</duration>

- name: JSON IncomingEvent to XML IEEE2830.5 Event <start>1693216835000</start>

description: Example showing transformation of messages from JSON to XML _
</interval>

</Event>

connections:

incoming-connection:

- MQTT-connection

incoming-topic: topicl
incoming-format: JSON
outgoing-connection:

- NATS-connection
outgoing-topic: event/myevent
outgoing-format: XML

to-outgoing:

'<Event>
<creationTime>$timestamp</creationTime>
<EventStatus>

<currentStatus>
<1pc:mapping>
<path type="integer">/status</path>
<values>["scheduled", "active", "cancelled", "cancelled with_r", "superseded"]</values>
</lpc:mapping>
</currentStatus>

<dateTime>

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the

information contained therein.




connections: .’

: &P
2 - name: NATS-Server .‘
3 type: NATS

4 host: localhost

5 port: 4222

6 - name: MQTT-broker

7 type: MQTT

8 nost: 10.0.1.123 # IP of the MQTT broker on the ICT platform.

S port: 8086

10 reconnect: true

11 - name: batteryName-invNum-boardName

12 type: Modbus

13 host: 10.0.2.123 # IP of the batteryName-invNum-boardName

14 port: 502

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
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transformations:
- name: batteryName-invNum-boardName - Modbus to NATS
description: Transformation of messages from Modbus to JSON for batteryName battery, inverter invNum, boardName board
validate-ieee2030-5: both
connections:
incoming-connection:
- batteryName-invNum-boardName
outgoing-connection:
- NATS-Server
outgoing-topic: batteryName.invNum.boardName

outgoing-format: JSON

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
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49
50

to-outgoing:

to-topic: batteryName.invNum.boardName

message: |

{

"DER": [

{

"description”: "BESS",
"DERCapability”: { # 10.10.4.4.2 in the standard
"DERType": { # from DERType object
"value": 80 # “Other storage system”
}s
"modesSupported”: { # look for the valued in table 54 (Modes and attributes for storage type DERs)
"dERControlType": {
"value": [
0, # Charge mode

1 # Discharge mode

¥
}s

"rtgMaxW": { # Maximum continuous active power output capability in watts
"value": {
"lpc:mapping": {
"path": "79",
"type": "intl6"




<>

213 - name: batteryName-invNum-boardName - NATS to MQTT

214 description: Transformation of messages from JSON to MQTT for batteryName battery, inverter invNum, boardName board
215 connections:

216 incoming-connection:

217 - NATS-Server

218 incoming-topic: batteryName.invNum.boardName # Origin topic in the NATS server (same as outgoing in the Modbus to NATS transformation)
219 outgoing-connection:

220 - MQTT-broker

221 outgoing-format: JSON

222 to-outgoing:

223 to-topic: batteryName/invNum/boardName # Destination topic in the MQTT message "batteryName" bucket is specified on Telegraf
224 message: |

225 {

226 "voltage": {

227 "average": {

228 "value": {

229 "lpc:mapping”: {

230 "path": "mirrorMeterReadinglList/mirrorMeterReading/0/reading/value”,

231 "type": "int32"

232 }

233 },

234 "multiplier”: {

235 "lpc:mapping": {

236 "path”: "mirrorMeterReadinglList/mirrorMeterReading/0/readingType/powerOfTenMultiplier/value”,

237 "type": "int32"




199 interval-request:

200 interval: 1000 # Interval in milliseconds

201 request:

202 modbus-function-code: 3 # Function code for reading holding registers
203 modbus-device-id: 1 # Device ID

204 endianness: big # Modbus register endianess

205 modbus-registers:

206 - register-address: 11 # e.g.,: "Input mains star voltage V1"

207 type: "intl6"

208 - register-address: 79 # e.g.,: "Maximum continuous active power output capability in watts”
209 type: "intl6"

210 - register-address: 300 # e.g.,: "Total active power”

211 type: "int32"

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




LPC Ul for Simplifying Configuration

» https://sunesis.si/interstore /lpc/

(= C @ O & https://sunesis.si/interstore/lpc/transformations 80% 7
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Incoming connections *

modbus1 v

Outgoing connection type

NATS v Find element...

Outgoing connections *

IEEE2030.5 Elements

nats1 v
Click element to insert
) AbstractDevice
Define mapping from modbus1 to nats1 X
AccountBalance
Outgoing format * Retry count
JSON v AccountBalanceLink
To topic * AccountingUnit
Connections
enel2 AccumulationBehaviourType
Transformations Message * ActiveBillingPeriodListLink
o { ActiveCreditRegisterListLink
Registration "dERSettings": {
modesEhabled”: { ActiveDERControlListLink
value": [
{ : : N
"lpc:mapping": { ActiveEndDeviceControlListLink
"path": "/IncomingEvent/duration",
"type": "integer",
"pattern”: "date-pattern”,
"values": []
. /4
Insert LPC mapping Format JSON
. Download
Define mapping from modbus1 to nats1 X

Incoming format Retry count
‘IIIIIIHHHHIIIIII' 'llllliHHiHHHlllll'
JSON v
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v LPC Generator X + — ] X
< C 2% sunesis.si/interstore/Ipc/transformations Q Y CI' @ :
MQTT-broker o A
Define mapping from NATS-Server to MQT T-broker X
Outgoing format Retry count
JSON v
From topic *

batteryName.invNum.boardName

To topic *
batteryName/invNum/boardName

Connections

Message *
Loggi { -
ogging "voltage": {
"average": {
_ "value": {
Transformations "1pc:mapping”: {
"path": "mirrorMeterReadinglList/mirrorMeterReading/0/reading/value”,
Iltypell : llint32ﬂ
Registration }
}s

"multiplier”: {
"lpc:mapping": {
"path": "mirrorMeterReadinglList/mirrorMeterReading/@/readingType v,

(al

Insert LPC mapping Format JSON Undo Redo

Define mapping from MQTT-broker to NATS-Server +

Download

Define Interval Request for NATS-Server +




v LPC Generator X + — m) X
< C 25 sunesis.si/interstore/Ipc/transformations Q Y <} @ :
MQT T-broker o a
Define mapping from NATS-Server to MQT T-broker X
Outgoing format Retry count
JSON v DER
From topic * IEEE2030.5 Elements

) Click element to insert
batteryName.invNum.boardName

ActiveDERControlListLink

To topic *
batteryName/invNum/boardName AssociatedDERProgramListLink
Connections . CurrentDERProgramLink
Message
, { a DefaultDERControl
Logging "voltage": {"activeDERControlListLink": { '
"all”: 5, DefaultDERControlLink
_ "href": "http://www.your.gov/imponet/acuto"
Transformations }
DER
"average": {
Registration "value": { DERAVvailability
"lpc:mapping": {
"path": "mirrorMeterReadingList/mirrorMeterReading/@/Peading/value", DERAvailabilityLink
"type": "int32"
} v,
Insert LPC mapping Format JSON Undo Redo

Define mapping from MQTT-broker to NATS-Server +

Download

Define Interval Request for NATS-Server +




Latest Version and New Features in LPC

Latest version is Version 1.5.2 (Oct 2, 2025)

Selected new features:

* Cron based interval request scheduling

* Synchronization with NTP server supported for interval requests

* Option to use pymodbus or Java Modbus TCP libraries

* Support for unsigned and signed integers when using Modbus connections
* Configuration of logs inside the configuration of LPC

* Option of message validation for compliance with IEEE2030.5 schema

* Validation flag for IEEE2030.5 inbound and outbound messages

* Several performance and scalability improvements

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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Interoperable client/server for Distributed Energy
Storage

Q

Objectives:
Device EMS
- Open source, out-of-the-box support for IEEE2030.!
communication standard |
_ Ellentl ——NATS/IEEE2030.5—» ISewerl ;
. . . microservice/ MICroservice.
- Next generation NATS messaging, superseding orary ibrary
other communication mechanisms (such as REST
over HTTP) and enabling message-driven, loosely A
coupled and scalable communication platform NATS/IEEE2030.5 NATSAEEE2030.5
. . h
- Reference implementation as an open-source Device EMS
project, available on GitHub _ Clent  server
library library
——NATS/EEE2030.5—™
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InterSTORE IEEE 2030.5 over NATS architecture .”

Option 1: direct EMS integration using NATS library
client/server

Devices: inverters, HeatPumps,
RTU, etc. or InterSTORE Legacy
Protocol Converters

adapter
P EEE _ client/server

2ENE 2030.5
mapping IEEE

2030.5

Option 2: integration via intermediate Modbus
legacy protocol converter

client/server

adapter/ IEEE

IEEE

data Modbus
Rt 2030.5

mapping

NATS

Option 3: integration via intermediate MQTT
legacy protocol converter legacy protocol converter

|[EEE Modbus
2030.5 MQTT

adapter/
data

mapping
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INTERNAL

Linux Foundation Energy

LPC has been adopted by Linux Foundation for Energy.

O Platform Solutions Resources Open Source Enterprise Pricing Search or jump to... Sign in ‘ Sign up | ‘ = |

LPC can now be found in Linux Foundation hosted repo on

<> Code ( lssues 1§71 Pullrequests () Actions [ Projects @ Security [~ Insights

GitHub - CUPID: = -
https://github.com/cupid-project/Legacy-Protocol-Converter o st oo = e snss | S e i o

0 Readme
M config-examples Updated Readme.md and sample configuration file 5 months ago 5[5 MIT license
M docs Add files via upload 4 months ago v Activity
[E) Custom properties
[ ] [ ] [ ] [ ] [ ] M log-config Logging supported in configuration. Modbus supports uint ... 7 months ago ¥ 0 stars
C U I I D C 0 d e I S C u r re nt ly I I l I r ro re d W I t h 0 rI g I n a l I n t e rSt 0 re 0 transformation-framework Added NTP server synchronization and cron based start of in... 3 months ago © 1watching
% 0 forks
u Y gitignore Added dynamic reloading of configuration files. last year
re O S I t O r Report repository
p y 3 Dockerfile Code refactoring, adding comments and pymodbus library o... 5 months ago
Releases
u u (3 uCENSE Create LICENSE last year
]
https ithub.com/Horizont-Europe-Interstore/Legacy- O
[] [ ] (3 Readme.md Merge pull request #6 from Horizont-Europe-Interstore/feat... 3 months ago
] legacy-protocol-converter jar Code refactoring, adding comments and pymodbus library o... 5 months ago Packages
Protocol-Converter -
3 pom.xml Added NTP server synchronization and cron based start of in... 3 months ago No packages published
[ pymodbus_script.py Code refactoring, adding comments and pymodbus library o... 5 months ago

Contributors 2

[0 README &3 MIT license = il divjad--- David Trafela

CUPID will move to the Linux Foundation Energy GitHub org by @ vonicims

Legacy Systems Protocol Converter for IEEE2030.5

t h e e n d Of t h e ye a r- The Legacy Systems Protocol Converter (LPC), initially developed within the Horizon Europe Interstore project, acts as

a middleware, allowing devices that use different communication protocols to exchange data with EMS systems that
use the |[EEE2030.5 standard. It supports:

Languages

m
® Java 96.0% ® Python 3.6%
® Dockerfile 0.4%

» |[EEE2030.5 communication: This is the primary function of the Legacy Protocol Converter. It can handle
IEEE2030.5 messages in both JSON and XML formats.

» Next-generation NATS messaging: This is a new messaging protocol that the converter uses to communicate
with devices and EMS systems. It is designed to be more efficient and scalable than traditional protocols like

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement
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INTERNAL

Docker Hub .’

C >

Sign in ‘ Sign up

Explore / interstore / legacy-protocol-converter

LPC has pre-build images on Docker Hub:

https://hub.docker.com/u/interstore interstore/legacy-protocol-converter

By interstore * Updated 4 months ago

Legacy Protocol Converter is a framework designed to convert messages from one protocol to

another.

Using Docker Hub images is the fastest way to P

start using LPC. It only requires one command:
770l ¥ 1.4K
docker pull interstore/legacy-protocol-converter

Overview Tags

Note: you also need to define the mapping,
as shown before.

Legacy Protocol Converter

The Legacy Systems Protocol Converter, initially developed within the Horizon Europe Interstore project, acts as a
middleware, allowing devices that use different communication protocols to exchange data with EMS systems that

use the IEEE2030.5 standard. It supports:

e |[EEE2030.5 communication: This is the primary function of the Legacy Protocol Converter. It can handle
IEEE2030.5 messages in both JSON and XML formats.

e Next-generation NATS messaging: This is a new messaging protocol that the converter uses to communicate
with devices and EMS systems. It is designed to be more efficient and scalable than traditional protocols like
This project has received funding from the European Union’s Horizon Europe research and innovation prograr y J P
No 101096511. The output reflects the views only of the author(s), and the European Commission cannot be h REST over HTTP.
which may be made of the information contained therein.



https://hub.docker.com/u/interstore

Interstore

Open-source IEEE 2030.5 Testing Software
based on SunSpec Testing Procedures

Nithin Manuel, Alessandra Martino

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




Testing Software Architecture = RWIH C ~

» The Test Set up will add the details of the devices
under test from it's Ul

Frontend

Test Setup

> Ahdoc server forwards Proxy initiates/handles the ortramd &

communication from DER (DUT) e

» |[EEE 2030.5 server handles incoming requests and ! ! ;

. . Forward Request Forward for Validation ~HTTP Response
the response is sent in two channels _— S —
. lent Layer . __ﬂ__d_-f-"" -
Ad-hoc Forward Proxy ::_f:—__—ﬂ__d—_
» Validator validates the request and response - \\ J ,
compares it with SunSpec testing procedures, depicts Hm%queﬂ Forvard espor l putj'ugh T push et
in ReSUlts \ ,"1 Messaging Layer | 1
Client DER (DUT) NATS Broker Results

» Client receives the response from IEEE 2030.5 server | \

Subscribe
|

» Results are published via NATS for other actors such
as EMS or platforms

The output refiects the views only of the author(s), and the European Commission connot be held responsible for any use which moy be made of the
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Interstore project - Italian Pilot - IEEE2030.5 Implementation

Sclier

13! PYLONTECH

Schneider I[EEE2030.5
Client Gateway

0} greentech

SCOne

1! PYLONTECH

Schneider IEEE2030.5
Client Gateway

IEEEZ2030.0 Client-Server integration: Architecture implemen

Ad-hoc server on Raspberry Pl

Testing Tool
developed in|

Interstore
WP 2.3

Rk This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
Z The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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ted In XLAB

r——————————

| AD Hoc Server is an on-site
I Proxy Server connected with
the Testing Sofware Suite.

l__________J

*h ] ] ] ] ] ] [ [ [ [ ] ]

[ 1) Start the Ad-hoc server by running docker
compose then ad-hoc server will connectl

I with the gateway (client) by TLS handshake.

| 2) Establish succesfull handshake between

| ad-hoc server and gateway, the adhoc server
needs a CA certicate issued by the Sunspec,

[ after the LFDI and SLFDI exchange the adhoc

[ server and client identites derived from the
CA certificate I

I 3) Ad-hoc server acts as forward proxy to [

[ forward the requests from client (gateway) to
the testing software hosted in the cloud I

____________d

\#

y
\#




Interstore project - Italian Pilot - Uses Case 9

+ Use case 9 development to provide (E2E) Flexibility services ~ * Implementation  Client-Server  integration in

to the Network (DSO) using different types of Asset (PV, Ind. IEEE2030.5 Protocol in Test Environment to
and Res. Storage, EV chargers) implement Flex Use case with Legacy Protocol
Converter SW tool development
g Jjiassmo ~ ="~ "~ | IXCAB Control Room *
ul ~socomec 1| |!
I-.. I I TTUR Usi U UL T J
=== AR & EVe urR | @g | ! Wodbus

132 PYLONTECH| .

""""" I
F ’LABSRES B — 8 — |

I I
_____________ | | ! I LPC Connector [ @
l,=ll I|:==::==::=rr - =\ 48
=. ’LAB_zSME 1k S &
N | 1 NS
0 ([ == . N I
. GREEN TECH I .
| EEE2030.5
—————————— I k\ _/
| IEEE2030.5 Data Space Connector
|
I
I
]

|
|
|
|
|
| InterSTORE solution
|
|
|
|
|

C == -~ -~ -~ Bifacial PV

f
[

Data space
connector

|
r

The architecture realized in ENELX LAB to implement E2E process for Flex Energy Services to DSO

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
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Yot
Interstore project - Italian Pilot XLAB Rome - UseCase ¢ C G

Management of EV charging clusters as HESS

2- PV-inverter

1- EV-V2G CHAdeMO

Key aspects:

v' Test of local ancillary services for DSO
v' EV V2G Chademo chargers, PVs System, different size (Li-lon)

Batteries, Supercap

v" Monitoring and control aggregated loading area
v Integration of IEEE2030.5 native Client device-Server

v Test IEEE2030.5 Client-Server Integration

7 - XLAB Photovoltaic shelter in EV parking 6- RES Battery- Pylontech- IEEE2030.5XWPRO Gateway 5- C&I Battery- GREENTECH

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101056511
The output refiects the views only of the guthor(s), and the European Commission connot be held responsible for any use which maoy be made aof the
information contained therein.




Testing Software in Action Client Side

Software in the Loop
> An open source Epri IEEE 2030.5 Client chosen as Client

Instead of real device

> Supports both both NATS and REST with self signed
certificates

> Supports both one by one of resource testing and multiple

resources on single test

Power Hardware in Loop
> Tested device is XW pro Schinder Inverter in Enel X lab

> CA certificates from SunSpec is a must in Testing
> Testing Software Hosted in Linux computer
> XW pro will change it status from red to green upon

successful connection

™ |EEE 2030.5 Client Runner

Execute [EEE 2030.5 client commands:

Device Capability Test

]
[

m
=
[
m

EndDevice Test

GetAllEndDevices

1

EndDevice ID:
1

EndDevice ID:
1

FSA ID:
1

m
=

[
=
o

=,
[

1

FunctionSetAssignment ID:

Get A FunctionSetAssignment

GetAllFunctionSetAssignment

Get A DER Program

m
=

o
()
o

=,
[}

1

10172 19 104

B443

ACS0AMESAC 1 2BEFE 1 FBE4293DB40F EH04288 3380

.1_.‘_.

doCial  Sealiobe 14boAcciate M4 fbida

Sl B EIRHE

Server poll inlencal

Sarvar post imanal

Al

Epri IEEE 2030.5 Client softwareXW pro gatway in Enel X Lab
on premise device

hosted in cloud

This project has received funding from the European Union’s Horizon Europe research and innovation programme under gront agreement Mo 101096511,
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Testing Software in Action Configuration on Server (7 (>

Side RWTH
IEEE 2030.5 Test Configuration

Configure and store test parameters for IEEE 2030.5 conformance testing

D'E.UICE.' CEPEbIIIty & E“d DEUICE pE— create End Device DEVICE CAPABILITY & END DEVICE m £l L2l Reset = Save Configuration
Basic device configuration and registration
Part 1: Basic Device Setup

Device Capability

Get All End Devices Lfdi Device Category Sfdi
c63fb011cdbbeb951d36b85ab261566d3 16af3c2 1 532170017563
Create End Device
Get An End Device Registration Link Function Set Assignment Link Subscription Link
rg fsa sub
Register End Device
Device Status Link End Device List Link DER List Link
Get Registered End Device
dstat edev der

Time

Advanced Time

Function Sets and DER

6 TESTS
Function set assignments and DER management
DER Programs § TESTS
DER program configuration and controls
DER Capability and Settings -

Advanced DER capabilities and settings

Iir= l"'"":.ll:l-l' It ERrETw J'I-FII"-I'II'.'I:l _|I I ke I'-"-l'll-'ll-l": RINT =M= MR I ey I-l'F: P Tl el RNrRE AR RN LIr T’ J-ITI-[H'I Hrall= el I_-|l' ik I.II_-"I':':IIIEII'I. Ll L A A N . L
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Testing Results

Test Results & XML Validation

Compare device responses with expected server Py oads

8 8

Total Tests Pazced

GET edev/{endDevicelD}/rg

2372026, 33634 pm

+ VALID

XML Comparison

GET edev/{id}/fsa

2372006, 3:36:35 pm

v VALID

XML Comparison

Expected XML (Server)

<Functigabetic<i grment<l 1<t mlas="grn: ieee: std B30 5: 2" al1="2" href="/edew/3/T<al" resaltz="F
subscribable="0"2>

(FunctionSetAssignments href="/edev/3/Fal/9™ subscribable="9>
{Demandfesponsefrogremlistliink all=*2® hrefa*/edev/ 3/ ¥ zal /@ drpl® />
fRessapinpPrograml istlink al1="1" href="ad=y /3 /Fa) 0 mgl™ >

MR IDBE0 387 5AMNa0: /el T

{descriptionFunctionSetAssipment Supved/descriptions
</FunctionSetAcsigneentss

LFuncbisaSetiasi grymente fref="/edev /3 FLal F1* supbsoribakl e="8">
MessagingProgramlistlink all="1" href="ledev/3/Fsal/L/msgl™ />

R JDBED3F ARG « /eR D>

{description>fFunctionSeticsigmment Gutturald/descriptiony

< MFumctlonSatbad i prmenta >

LrFumctionSetAssipnmentsLists

] Auto-Refresh ON [0 Refresh Now

Fasled

Actual XML (Device Response)

cFenctionSetiA<cigrmentzl 15t mlns="wrn:ieesstd: MBI, 50" all="1% href="/feder/1/fza"
.
Swbscribable="0">

FenctionSetAssipments href="/fedev/ L/ F5a/1™ subscribable="1"»
disagefointlistliink hrefa®/fedew/1/fsa/1/upt®™ alla"@" />
DERPrograml i<t snk href="derp™ all="1"f>
cDerandhesponsefropraml st ink wreef="//edevs/L/fsas/Lligr™ all="@"/>
(TarifProfilelistlink heef="//odev/1/Fsallrtp™ all="8"/>
tFilelistiink hrefa*) jedee i/l ffea/l/file® all="@%;>
SRR ID-SEDIET S AEeEd: /el Il
cdesoriptionrecample of Fenctlom set assipmment</description:

< /FunctionSetAssigrments?
¢ fFunctionSetissigmmentsl 1sty

100%

l:i-'\..'...' :.'I.I-

[

reculfs="1



Interstore

Architectures and environments tested, lessons
learned and main KPIs reached

Daniele Carta
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Architectures and environments tested, lessons learned — ~
and main KPIs reached - Austrian pilot :.

Use cases
AWS
< UC1: DES Flexibility Market Monetisation
<« UC2: Energy Community DES Utilisation St IEEE2050.5 ModbusTce (SIS [ SV part
Key aspects
<+ Local energy community AWS APN connestionvia Local network
< Monitoring and control :SfTCC;iE”t R Horme router
<  Multi-vendor inverters ' ‘ = ‘0’))((‘ T
% Cellular communication infrastructure . Y ¢

Rk This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
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Architectures and environments tested, lessons learned — ~
and main KPls reached - German pilot :.

» Monitoring and control

Use cases

+ UC3: Grid-supporting Battery Energy Storage Systems RleIIoBEss-- """"""""" N T i
(BESS) i ‘ | o ,i :-:_ solution :

# UC8: Multiphysics flexibility optimisation for Home =~ SZz--o---ossssssssst B R =R -
Management Systems and their global integration ”‘TeﬂadEESSEE me | o FILARE | Data space

Key aspects === e lcontroller &y

% Multi-physics and large-scale systems LargePV _ marr

X Modbus H | :-:_

<+ LPC implementation on low-cost hardware

1 - Heat pump ! m——
< Analysis of deployment and commissioning times I maTT :i‘t'-'-
L 1

()
_____________________ L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e
=a [ |
N @i |
: ,t"\;iae }
- l I .
‘ il ¥
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Architectures and environments tested, lessons learned
and main KPls reached - Italian pilot

Use cases

<+ UC9: Management of EV charging clusters as ST T GesnD :
Hybrid Energy Storage Systems (HESS) .=== ::_ ~ zsocomec |

Key aspects ARG hapo rvevzo 98

< Hybrid storage (EV charging clusters, batteries, fé;:_,. :Il=======§_g_ =:
supercapacitors, PV) §:=== | ILAB 1 SME

< Monitoring and control £ 'y ! fcg__ _ _E_

< Provision of local ancillary services for DSO : === E:EA;;RES— [ =T -1

< Native IEEE 2030.5 integration E === ::&PYLONTECH: :

I < |

=

—J

Interface

s
®
w
7}

<
>

@

TH

| :XLAB Control Room I
i
. i
L Modbus |
| g
: LPC Connector sim mvno |
' |
| MQTT |
. i
|
i
| JEEE2030.5 Data Space Connector |
| InterSTORE solution |
. I
. I
. I
L ----------------------

Data space
connector

* * %
* *
* *
. *

* 5 *
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Architectures and environments tested, lessons learned — ~
and main KPls reached - Portuguese pilot .:.’

Use cases
«» UCH: Hybrid storage higher performance and flexibility provision oo T T Lk
] L]
. . I IEEE2030.5 {from ModBus)
<« UCé6: Management of battery systems for node capacity increase ' Legacy Protoco e B -
and user demand response | converter [ 7| server [,
] L]
Key aspects . :
1 L] b
< Hybrid battery systems (multi-technology and second-life) : ;
N - - - : B : ModBus TCRIP > Battery Inverter
** Monltorlng vVia LPC : ——— : Default communication
% Control using LabVIEW ' Local PC - EMS with Labview |
] L]
< Industrial demand response (node capacity increase) and EV : :
driver engagement SesTsssssssssss=ss=e-s

The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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Architectures and environments tested, lessons learned
and main KPIs reached - Spanish laboratory

/ LAN (LOCAL AREA
NETWORK)

Use cases @
<+ UC4: Innovative frequency services m\

UC7: Adaptive BESS management for autonomous grid ( ( ﬁ’ o—&

. CUSTOM PR TDCGL‘ r IEEE2030.5 _ ’ *‘01 IEEEEﬂPﬂ.: N

Operatlon ~ MODBUS TCP —L . J‘ TCP NATS P?.O-’ d TCP NATS
Key aspects CONVERTER LEGACY PROTOCOL CONVERTER NATS y EMS (INMS)
» Fast frequency services and autonomous grid operation \ SoeALSERvER /
% Monitoring and control - HyoEvS |
<+ LPC response time analysis K

\l/| GrRD |
EMULATOR 1/2

. - L - T
L= =
1111111111 \ J
LOCAL
ﬁ' AN\ | Loabs %
> ) BATTERY
HESS

ﬂﬂﬂﬂﬂﬂ =1

) This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 10109651 UNDER TEST
x The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of th.
information contained therein.




Architectures and environments tested, lessons learned — ~
and main KPIs reached - Main KPIs .:.’

KPI ID KPI Name Relevant Use | Actual Value | Target Value Status
Cases (Project level) | (Project level)
3 Battery capacity A 3.94 > 0.2 MWh Achieved
4 Diversity of DER A 33.00 > 25 n.n. Achieved
5 Asset management monitored by EMS A 62.00 > 50 n.n. Achieved
7 Number of end users involved in HESS 3,5,6,8,9 30.00 > 20 n.n. Achieved
10 Number of DER assets and EMS tested with 1,2,3,5,7,8,9 21.00 >10 n.n. Achieved
IEEE2030.5
11 Data space digitized assets 1,2,3,5,7,8,9 93.55 >50 % Achieved
17 Data Valorisation cases 3,5,8and9 4.00 4 Achieved
19 Data Spaces 3,5,8and9 2713.00 > 20 Achieved
25 Integrated capacity All 4.24 >1 MWh Achieved
26 Increase of flexibility All 75.48 >20 % Achieved

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




Architectures and environments tested, lessons learned ,@
and main KPIs reached - lessons learned \§

\#

<+ Ease of deployment via GUI, also for not-expert users

« Reduction od deployment times (i.e., KPlI 9 -> 14% of traditional solution)
< Reduction of installation costs (i.e., KPI 8 -> 42 €/kWh)
» Light-weight and flexible solutions for various frameworks

4

« Can be deployed on low-cost hardware (Rpi 4b) with a limited usage of resources (<30% CPU)
« Can be integrated in high-demanding frameworks with small time delays (i.e., KPI 14 -> 0.25 sec.)

Services for users and system operators derived from the integration and coordination

« DERs from various manufacturers, different technologies, and different scales, can be integrated (i.e., KPI 3,4,5,25)
« Peak load consumptions can be reduced (i.e., KPl 9 -> 40% of reference)

« Node capacity can be increased without replacing cables/transformers (i.e., KPl 6 -> +20% of reference)

) This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
x The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




Interstore

Practical example of the IEEE 2030.5 (client/server
library) and LPC implementation on EMS and REC sides

Nikolaj Candellari

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.




Austrian Energy Communities

Over 4000 Communities in operation (3650 RECs & 685 CECs) ."

<% Features of the communities:

« Incentives: grid fee and tax discounts (if members are connected to the same substation or transformer)

<+ Community as a legal entity
<+ Energy price defined by members of the community
< Energy allocation through the DSOs
<« DSO0 is sending the energy data of member to the REC on the following day in a 19min resolution

< Smart Meter are necessary, in Austria already over 95% share

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
information contained therein.



https://energiegemeinschaften.gv.at/nachschau-roundtable-des-klima-und-energiefonds-im-climate-lab-wien/#:~:text=Die%20Anzahl%20der%20Energiegemeinschaften%20in,st%C3%A4rker)%20netz%2D/systemdienlich%20verhalten?
https://energiegemeinschaften.gv.at/nachschau-roundtable-des-klima-und-energiefonds-im-climate-lab-wien/#:~:text=Die%20Anzahl%20der%20Energiegemeinschaften%20in,st%C3%A4rker)%20netz%2D/systemdienlich%20verhalten?

Austrian Pilot - Dietach

Development of the REC Dietach

2022
January March

Establishing of
the legal entity

Oktober

350

w

00

250

200

150

100

2023
March

2024
February

2025
January

Starting Full Operation
Price 19,5 cent/kWh

First general assembly
New Price 11 cent/kWh

Public Information
event, >200 visitors

Test community In
operation (4 POD)

information contained therein.
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Second general assembly
Election of the new board
New Price 9cent/kWh




Austrian Pilot - Dietach

Our members

» Almost 300 members
» 175 PV Systems with 2846 kWp
< Yearly overall consumption of 3 000 000 kWh

<+ Biggest consumers: Restaurants, Cinema, Water Pump station, ...
< Biggest producers: buildings of the municipality, farmers
» Most members live in one family houses

Rk This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
Z The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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Austrian Pilot - Dietach

Current Challenges .

- Gesamtbezug Gesamteinspeisung [ Getauschte Energie Bezug/Einspeisung Lieferant Bezug Lieferant

Einspeisung Lieferant

350

300

250

200

150

100

Energiemenge in KWh

o0
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Austrian Pilot - Dietach

Benefits from the Project of InterSTORE .

< Real time monitoring of production and consumption

<« Members can see, where their electricity is coming from (REC or their energy supplier)

<% Qverview of the devices of the members

< Possibility to change the behavior of devices

< Delay the charging of household batteries

This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 101096511.
The output reflects the views only of the author(s), and the European Commission cannot be held responsible for any use which may be made of the
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Austrian Pilot - High Level view of connection S
Full chain communication - FCC J

CyberGrid connected 20 DER from REC Dietach.
FCC

AWS

CyberNoc IEEE2030.5 LPC ModbusTCP  Device [IYWVAE]R

AWS APN connectionvia Local network
InterSTORE instance magenta sim card
of CyberNoc

CyberGria

Home router

; © % ! 5
I.s(-u gg ? H;% /4 | \
l % /o‘ 4 .
wéé’ﬂﬂ’(?k} ‘ii>‘3@‘ ,1ﬁ;J;

HW part

VPN
tunnel
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Austrian Pilot - High level view of connection ..’
. . &P
Connection of asset is secure, scalable and autonomous .

/Energy community\

Household 1

LPC in HW

Legacy
protocols

Market Arbitrage tool
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D Household 2
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toolkit
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Open data 4 ’
P GW
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Austrian Pilot - UC1: DES Flexibility Market Monetisation

Goal: Maximization of energy produced with market participation

The main objectives of UCI
are to:

0‘0

0

Enable DER flexibility
monetization through
aggregation and market
participation.

Validate both the
technical and economic
feasibility of market
participation for resi-
dential assets.

information contained therein.

&< O (@ O httpsy//internalinterstore.cyber-grid.com/iot/devices

»35< CyberGrid Q Search Alt + K

A DASHBOARD > loT Devices / DeviceS

loT Devices

88 EUSW v
Q. Device Name Gateway Type: IEEE 20305 X v All
> PORTFOLIO
N 10T Device Name Description

-~

—-~

e~ loT Devices 02.08 - Fronius...  192.168.178.117 Symo

06.19 - Fronius ... 192.168.121.194 SYMO 10

A\ EXPORTS

07.13 - Fronius ... 192.168.188.84 GEN24

[JJ Exports
10.08 - Fronius ... 192.168.11.11 SYMO

> APP CENTER
10.08 - Fronius ...

192.168.11.12 SYMO
10.08- Fronius S...
10.12 - Fronius ... 192.168.178.83 SYMO GEN24
10.12 - Fronius ... 192.168.178.84 SYMO
13.19 - Fronius ... 192.168.2.102 SYMO
13.19 - Fronius ... 192.168.2.101 SYMO Hybrid
15.12 - Fronius ... 192.168.178.27 SYMO
19.07 - Fronius ... 192.168.1.116 GEN24
19.07 - Fronius ... 192.168.1.177 SYMO

23.23 - Fronius ... 192.168.31.99 SYMO

Device for Cyber...
EngagePV/CellC... BESS
o EngagePV/CellC... BESS
>23< CyberGri
2010-2025 CyberGrid GmbH SGL - Fronius SY... 192.168.8.111 SYMO

Allrights r e
CyberNoc v6.26.0

Terms and conditions

SGL - Fronius SY...  192.168.8.110 SYMO Hybrid: 5kW max charge/discharge power
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Austrian Pilot - UC2: Energy community DES utilisation

Goal: optimally managing DER assets to increase self-sufficiency .’

Optimization algorithm focused on maximizing the s

produced energy by allocating energy for the needs of 1 [m> o gELim e J

community members and offering the rest on energy 5 ’ i/ s

marketsI 1 ............................................ llEEEEBmE ........................................

St e p S : % Automated adding of new assets and members in CyberMoc

1.  Get datain real time I

2. Check solar production forecast et [ (—="]

3. Predict energy generation of each asset

4. Set optimal asset behavior and/or generate
balancing service bids

5. In case any of the bids are accepted, deliver the sevatons
service l '''' ST
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Austrian Pilot - Dietach

Lessons learned .

< Avoliding the installation of devices at the members’ places

<+ Instead > Use of already existing interfaces

< Cloud connection of the battery or inverter

< Or installation of devices is plug&play
< Device should find the battery or inverter itself

<« App/ graphical interface to guide the user
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Interstore

THANK YOU!
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