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• Opening remarks about the InterSTORE project: Antonello Monti presenting

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

• Testing procedures with short UI 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

Agenda
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Key Facts

Antonello Monti

Interoperable opeN-source Tools to Enable hybRidisation, utiliSation, and 

moneTisation of stORage flExibility
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Opening remarks about the InterSTORE project
Project acronym: InterSTORE – Interoperable opeN-source Tools to Enable hybRidisation, utiliSation, 

and moneTisation of stORage flExibility

➢ Type of Action: IA

➢ GA N°: 101096511

➢ Call & Topic: HORIZON-CL5-2022-D3-01-10: 24 

proposals submitted: 3 funded (us, PARMENIDES (AIT), 

FlexCHESS (UNIVERSITE D'AIX MARSEILLE)

➢ Starting date: 01.01.2023

➢ Duration: 36 M

➢ Budget: 4,355,197.5 €

➢ EU contribution: 3,498,630.75 €

➢ Project Coordination: Prof. Antonello Monti (RWTH)

➢ Project manager/Technical coordinator: Alexandre 

Lukas (INESC)
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A Middleware allowing Interoperability data exchange
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A fully interoperable solution based on IEEE2030.5

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

• Interoperability with legacy devices thanks to a Legacy Protocol 

Converter supporting all typical alternative used in industry

• Testing procedures
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Interoperable Data Spaces Framework 

• Fully Open-Source advanced GUI 

• Data Exchange Blockchain Notarization and Verification 

• Push mechanisms and External Service integration

• IEEE2030.5 integration 

• Scalability and performance optimization (up to 90%)
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Project Legacy: CUPID in LF Energy (Linux Foundation Europe)

- 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://github.com/cupid-project

https://github.com/cupid-project
https://github.com/cupid-project
https://github.com/cupid-project
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Open-source Interoperability Toolkit

Legacy System Protocol Converter
Matjaz Juric



INTERNAL
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Open-source Interoperability Toolkit

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

12 WP1 – Requirements, Use Cases, Specifications



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.

Legacy Systems Protocol Converter 

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
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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 PI, IoT devices, 

servers, Kubernetes, etc. 
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NATS – Cloud-native Communication Backbone

NATS as the foundation

• Shift from the traditional REST API-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). 
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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 OpenJDK JRE)

• Custom build from source code

Any OS that can run Java

• Linux, Windows, MacOS, 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. 
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Legacy Systems Protocol Converter 
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LPC UI for Simplifying Configuration

• https://sunesis.si/interstore/lpc/

https://sunesis.si/interstore/lpc/
https://sunesis.si/interstore/lpc/
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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



INTERNAL
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Objectives:

• Open source, out-of-the-box support for IEEE2030.5 
communication standard

• Next generation NATS messaging, superseding 
other communication mechanisms (such as REST 
over HTTP) and enabling message-driven, loosely 
coupled and scalable communication platform

• Reference implementation as an open-source 
project, available on GitHub

Interoperable client/server for Distributed Energy 
Storage



INTERNAL

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 IEEE 2030.5 over NATS architecture
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Linux Foundation Energy

LPC has been adopted by Linux Foundation for Energy. 

LPC can now be found in Linux Foundation hosted repo on 
GitHub - CUPID:
https://github.com/cupid-project/Legacy-Protocol-Converter 

CUPID code is currently mirrored with original Interstore 
repository
https://github.com/Horizont-Europe-Interstore/Legacy-
Protocol-Converter 

CUPID will move to the Linux Foundation Energy GitHub org by 
the end of the year.

https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/cupid-project/Legacy-Protocol-Converter
https://github.com/Horizont-Europe-Interstore/Legacy-Protocol-Converter
https://github.com/Horizont-Europe-Interstore/Legacy-Protocol-Converter
https://github.com/Horizont-Europe-Interstore/Legacy-Protocol-Converter
https://github.com/Horizont-Europe-Interstore/Legacy-Protocol-Converter
https://github.com/Horizont-Europe-Interstore/Legacy-Protocol-Converter
https://github.com/Horizont-Europe-Interstore/Legacy-Protocol-Converter
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Docker Hub

LPC has pre-build images on Docker Hub:
 https://hub.docker.com/u/interstore 

Using Docker Hub images is the fastest way to 
start using LPC. It only requires one command:
 docker pull interstore/legacy-protocol-converter

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

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


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.

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

Nithin Manuel, Alessandra Martino



Testing Software Architecture 

➢ The Test Set up will add the details of the devices 
under test from it’s UI 

➢ Ahdoc server forwards Proxy initiates/handles the 
communication from DER (DUT) 

➢ IEEE 2030.5 server handles incoming requests and 
the response is sent in two channels 

➢ Validator validates the request and response 
compares it with SunSpec testing procedures, depicts 
in Results

➢ Client receives the response from IEEE 2030.5 server 

➢ Results are published via NATS for other actors such 
as EMS or platforms 
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Interstore project - Italian Pilot XLAB Rome – UseCase 9 

Management of EV charging clusters as HESS

1- EV-V2G CHAdeMO 

3- XLAB Control Room

2- PV-inverter

4- Utility scale Battery-SOCOMEC

5- C&I Battery- GREENTECH6- RES Battery- Pylontech- IEEE2030.5XWPRO Gateway7 - XLAB Photovoltaic shelter in EV parking



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        

      Epri IEEE 2030.5 Client software 
hosted in cloud 

XW pro gatway in Enel X Lab 
on premise device



Testing Software in Action Configuration on Server
Side



Testing Results
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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

❖ UC1: DES Flexibility Market Monetisation

❖ UC2: Energy Community DES Utilisation

Key aspects

❖ Local energy community

❖ Monitoring and control

❖ Multi-vendor inverters

❖ Cellular communication infrastructure
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Architectures and environments tested, lessons learned 
and main KPIs reached – German pilot

Use cases

❖ UC3: Grid-supporting Battery Energy Storage Systems 
(BESS)

❖ UC8: Multiphysics flexibility optimisation for Home 
Management Systems and their global integration

Key aspects

❖ Multi-physics and large-scale systems

❖ Monitoring and control

❖ LPC implementation on low-cost hardware

❖ Analysis of deployment and commissioning times
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Architectures and environments tested, lessons learned 
and main KPIs reached – Italian pilot

Use cases

❖ UC9: Management of EV charging clusters as 
Hybrid Energy Storage Systems (HESS)

Key aspects

❖ Hybrid storage (EV charging clusters, batteries, 
supercapacitors, PV)

❖ Monitoring and control

❖ Provision of local ancillary services for DSO

❖ Native IEEE 2030.5 integration
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Architectures and environments tested, lessons learned 
and main KPIs reached – Portuguese pilot

Use cases

❖ UC5: Hybrid storage higher performance and flexibility provision

❖ UC6: Management of battery systems for node capacity increase 
and user demand response

Key aspects

❖ Hybrid battery systems (multi-technology and second-life)

❖ Monitoring via LPC

❖ Control using LabVIEW

❖ Industrial demand response (node capacity increase) and EV 
driver engagement
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Architectures and environments tested, lessons learned 
and main KPIs reached – Spanish laboratory

Use cases

❖ UC4: Innovative frequency services

❖ UC7: Adaptive BESS management for autonomous grid 
operation

Key aspects

❖ Fast frequency services and autonomous grid operation

❖ Monitoring and control

❖ LPC response time analysis
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Architectures and environments tested, lessons learned 
and main KPIs reached – Main KPIs

KPI ID KPI Name Relevant Use 
Cases

Actual Value
(Project level)

Target Value
(Project level)

Status

3 Battery capacity All 3.94 ≥ 0.2 MWh Achieved

4 Diversity of DER All 33.00 ≥ 25 n.n. Achieved

5 Asset management monitored by EMS All 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 
IEEE2030.5

1, 2, 3, 5, 7, 8, 9 21.00 ≥ 10 n.n. Achieved

11 Data space digitized assets 1, 2, 3, 5, 7, 8, 9 93.55 ≥ 50 % Achieved

17 Data Valorisation cases 3, 5, 8 and 9 4.00 4 Achieved

19 Data Spaces 3, 5, 8 and 9 2713.00 ≥ 20 Achieved

25 Integrated capacity All 4.24 ≥ 1 MWh Achieved

26 Increase of flexibility All 75.48 > 20 % Achieved
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Architectures and environments tested, lessons learned 
and main KPIs reached – lessons learned

LPC

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

❖ Reduction od deployment times (i.e., KPI 9 -> 14% of traditional solution)

❖ Reduction of installation costs (i.e., KPI 8 -> 42 €/kWh)

❖ Light-weight and flexible solutions for various frameworks

❖ 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., KPI 9 -> 40% of reference)

❖ Node capacity can be increased without replacing cables/transformers (i.e., KPI 6 -> +20% of reference) 
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Practical example of the IEEE 2030.5 (client/server 
library) and LPC implementation on EMS and REC sides

Nikolaj Candellari 
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Austrian Energy Communities

❖ 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

❖ DSO is sending the energy data of member to the REC on the following day in a 15min resolution

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

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

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?
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Austrian Pilot - Dietach

Development of the REC Dietach

0
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2022
January March

Establishing of 
the legal entity

Test community in 
operation (4 POD)

Oktober

Public Information 
event, >200 visitors

2023
March

2024
February

Starting Full Operation
Price 19,5 cent/kWh

First general assembly
New Price 11 cent/kWh

2025
January

Second general assembly
Election of the new board 
New Price 9cent/kWh
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Austrian Pilot - Dietach

❖ 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

Our members
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Austrian Pilot - Dietach

Current Challenges
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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) 

❖ Overview of the devices of the members

❖ Possibility to change the behavior of devices

❖ Delay the charging of household batteries
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Austrian Pilot – High Level view of connection  
Full chain communication – FCC

CyberGrid connected 20 DER from REC Dietach.

FCC

SW part

HW part
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Austrian Pilot – High level view of connection

Connection of asset is secure, scalable and autonomous 
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Austrian Pilot – UC1: DES Flexibility Market Monetisation 

Goal: Maximization of energy produced with market participation

The main objectives of UC1 
are to:

❖ Enable DER flexibility 
monetization through 
aggregation and market 
participation.  

❖ Validate both the 
technical and economic 
feasibility of market 
participation for resi-
dential assets. 
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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 
produced energy by allocating energy for the needs of 
community members and offering the rest on energy 
markets.

Steps:

1. Get data in real time

2. Check solar production forecast

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 
service
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Austrian Pilot - Dietach

Lessons learned

❖ Avoiding 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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THANK YOU!
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