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HEDGE- ity G
EXECUTIVE SUMMARY

HEDGE-IoT (Holistic Energy Decentralized Grid for Enhanced lot)is a project funded by the European
Union's Horizon Europe research and innovation program. The project aims to develop an
interoperable digital framework for the energy ecosystem, focusing on the deployment of Internet-
of-Things (loT) assets at different levels of the energy system, from the Transmission System
Operator (TS0O)level to behind-the-meter.

The project team has conducted a survey among its partners to map the existing digital interfaces,
platforms, and tools that will be used to deploy interoperable solutions in 6 pilot projects across
Europe. The survey collected information on the platforms' purpose, origin, openness, license,
owner, and Technology Readiness Level (TRL), as well as their use of Artificial Intelligence (Al) and
compliance with relevant regulations.

The survey results show a variety of technologies that cover different parts of the energy value
chain, from the TS0 and Distribution System Operator (DSQ) level to behind-the-meter at the home
premises. Most of the platforms are provided by partners that directly participate in the HEDGE-loT
project and originated from previous European research projects. Some platforms are open source
or are expected to become open source in the future. The rest are proprietary platforms.

The TRL of the identified platforms is rather high, with most of them being at least validated in a
relevant environment. The use of Al is limited within the submitted platforms, and of those that do,
most use machine learning techniques.

All HEDGE-loT national pilot projects have submitted one or more platforms, and two platforms
indicated they are expected to be used in more than one national pilot. Most platforms play a central
role in their pilot architecture and are deployed either in the edge or the cloud. The examined
platforms are fairly distributed over various parts of the energy value chain.

Out of the 12 platforms, seven plan to integrate with a data space connector, and those that do not
have such a plan yet cite various reasons such as already conforming to existing domain-specific
standards or requiring high-volume, real-time data exchange. Most platforms do not indicate a
preference for a specific data space connector, and those that do, mostly prefer the Eclipse
Dataspace Component (EDC)connector.

Most of the responses to the survey acknowledge the need for semantic interoperability, indicating
that their platforms already support it or consider adding support for it in the future. The most used
protocol by the platforms is the Representational State Transfer (REST), and the most used data
format is the JavaScript Object Notation (USON), aligning with de facto industry standards.

The 12 platforms together submitted about 40 interfaces and services, with most indicating that
their platforms will be extended with additional interfaces, services, or tools during the project's
lifetime.

Ultimately, the results of the survey conducted in Task 3.1 show a promising landscape of
technologies for the HEDGE-IloT project, with high maturity, a distribution across the energy value
chain and a fair presence on open source. The project aims to further leverage these technologies
to develop an interoperable digital framework for the energy ecosystem, enabling the efficient
integration of IoT assets and the transition towards a decentralised and sustainable energy future.
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11 HEDGE-IOT PROJECT INTRODUCTION AND SUMMARY

The HEDGE-IoT (Holistic Energy Decentralized Grid for Enhanced loT) project proposes a novel
digital framework that aims to deploy loT assets at multiple levels of the energy system (from
behind-the-meter, up to the TSO level), to add intelligence to the edge and cloud layers through
advanced Al/ML tools and to bridge the cloud/edge continuum introducing federated applications
governed by advanced computational orchestration solutions. The HEDGE-loT Framework will
upgrade the RES-hosting capacity of the energy systems and unleash a previously untapped
flexibility potential. It will increase the resilience of the grid, create new market opportunities and
promote advances in loT standardization, by introducing and managing a plethora of diversified,
interoperable energy services over scalable and highly distributed data platforms and
infrastructure. The multi-dimensional framework of HEDGE-loT comprises the following pillars: (a)
the Technology Facilitator pillar - it will exploit the computational sharing by offloading applications
on the grid edge, towards providing a set of Al/ML federated learning and swarm computing
applications; (b) the Interoperability pillar - leverages on leading-edge interoperable architectures,
such as the data space architectures; (c) the Standardisation pillar - it will enable all involved
platforms, systems, tools and actors to seamlessly communicate and exchange data in
standardised formats using widely used standards, such as SAREF, etc.; (d) the Digital Energy
Ecosystem enabling pillar - it will ensure the creation of an ecosystem facilitating the increased
integration of RES and characterised by resilience. Liaisons with EU initiatives for loT and
digitalisation will be established (e.g., the AIOTI), and the engagement of stakeholders will be
ensured by addressing loT ethics and cultivating trust among end-users, thus promoting inclusivity.
Scalability and replicability studies will be performed, and connections with innovators and SMEs
will be established through the open call mechanism of the project.

1.2 SCOPE OF THE DOCUMENT

This document is the first deliverable from the Task 3.1 project, which aims to facilitate the
integration of various digital interfaces, platforms and tools used in the various pilots into a digital
interoperability framework across the entire project. The scope of this document is to provide an
overview, at an early stage of the project, of the main technology (in terms of platforms, interfaces
and tools)that will be deployed and eventually extended in the various pilots throughout the lifespan
of the project. This overview is useful as general information for the project partners to learn about
each other’s pilots, but also for an external audience to learn about the starting point of the project
interms of the technology thatisused. Thisoverviewisalsoinstrumental for tracking progress over
time and will guide the selection, in a subsequent phase of Task 3.1, of the (parts of the) platforms,
interfaces and tools that will need to become interoperable via the common interoperability
framework of the project. While this overview presents the main technology that is most relevant
for the various pilots, it does not aim to provide an exhaustive picture of all the technology used in
the project, as certain platforms, interfaces and tools that are instrumental (and vertical) for certain

" https://saref.etsi.org/

Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,

Co-funded by . This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216. 14
the European Union Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.


https://saref.etsi.org/

HEDGE-

SS5E

parts of a pilot, may not be relevant in the broader scope of the horizontal common interoperability
framework of the overall project.

1.3 INTENDED AUDIENCE OF THE DOCUMENT

This document is intended as a tool for the following audience:

e project partners of the HEDGE-IoT consortium, to learn about each other’s pilots and main
technologies.

e future project partners that will be appointed in later stage via open calls, enabling them to
learn about the key technologies used in the pilots, and identify opportunities to build upon
in their sub-projects.

e external stakeholders that are interested in:

o Gaininginsights into the key platforms, interfaces and tools used in the HEDGE-IoT
project (state-of-the-art);

o finding a reference about these state-of-the-art technologies, if interested in
gathering further information and/or apply them in their own projects;

o understanding the (initial steps of the) approach used in HEDGE-loT to enable
interoperability across the energy and loT ecosystem via a digital framework that is
common to the project.

As a guide to this intended audience, we refer to Section 0 the reader interested in getting
acquainted with the context of this work and the methodology we have used, especially in relation
to the other relevant tasks and work packages of the HEDGE-IoT project.

We suggest to the reader interested in the details of the main technologies deployed by the pilots
to inspect directly Appendix B(Section 9), which contains the inventory of platforms, interfaces and
tools that form the basis of this work.

We further refer to Appendix A (Section 8) the reader interested in inspecting the template that we
distributed among the partners to compile the inventory presented in Appendix B (Section 9).

The reader eager to understand the rationale behind the survey's template and the specific
questions designed to make our technology inventory, is referred to Section 3.

The reader interested in the presentation of the general results of our survey and the trends we
observed across the various individual responses from the different pilots, is referred to Section O.

We finally refer to Section b the reader interested in an elaborate discussion of the results observed
in Section 0.

1.4  STRUCTURE OF THE DOCUMENT

This document structured as follows:

Section 0 presents the methodology followed in this work, positioning it in relation to the other
relevant tasks of the HEDGE-IoT project.

Co-funded by This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216. ]5
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Section 3 details the survey distributed among project partners to catalogue the platforms,
interfaces and tools deployed in the HEDGE-IoT pilots. It further provides the rationale beyond the
survey's structure and its specific questions.

Section 0 consolidates the individual specific responses of the survey into general results,
presenting an analysis of the main findings and trends that we have generally observed.

Section 5 proposes a discussion of the results analysed in Section 4, as a guideline for their
interpretation and as basis for the continuation of the project.

Section 0 presents our conclusion and outlines the next steps.

Appendix A (Section 8) provides the template of the survey that we have distributed among the
partners to take stock of the platforms, interfaces and tools available in the HEDGE-IoT project.

Appendix B (Section 9) presents the details of the 12 different responses that we have collected in
our survey.
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2 METHODOLOGY

This document is the first deliverable of Task 3.1, which aims to facilitate the integration of various

digital interfaces, platforms and tools used across the project’s pilots into a common digital
interoperability framework, to be developed in WP4.

Figure Tillustrates the methodology adopted in Task 3.1in relation to other relevant tasks and WPs
in the project.

Use Cases (WP2) Pilots (WP5)

Business Use Cases (BUCs) and

Existing digital interfaces, platforms
System Use Cases (SUCs)

and tools used in the various pilots

/ WP3 \

D3.1 loTinterfaces
and Tools

Extension of demo specific loT proprietary digital interfaces,
platforms and tools (T3.1)

D3.2 Hedge-loT
Interfaces and Tools
forinteroperability

A

Alignment on Al/IoT services Alignment on Federated
Learning services
Al/IoT user-centric services (T3.2) Federated lzmrins
K Tools and Services (T3.3) /
Interoperable platforms and interfaces: Interoperable platforms and interfaces:
option for integration with data space option for advanced semantic interoperability with
connector semantic adapters and ontologies

Interoperability Middleware - Open Data | . -
Connector (T4.2) Semantic Interoperability (T4.3)

WP4 2

FIGURE 1. THE METHODOLOGY OF TASK 3.TIN RELATION TO OTHER RELEVANT TASKS AND WPS OF THE PROJECT

The goal of this document (D3.1)is to catalogue the existing platforms, interfaces and tools that will
be used as a foundation for deploying the HEDGE-IoT solutions in the six project pilots: Finland,
Greece, Italy, Netherlands, Portugal and Slovenia. In this way, we can provide an overview of the
main technologies relevant for each pilot in the initial phase of the project. This overview serves as
a reference point to monitor technological evolution over time, particularly concerning technology
maturity level. Moreover, it provides a foundation for identifying recurring components and fosters
the reuse of (parts of) these platforms, interfaces and tools across pilots in the continuation of Task
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3.1. The results of this deliverable will inform the next phase of Task 3.1, where the required level of
interoperability for each platform, interface and tool (ranging from an entry point interoperability
for fast integration, to an advanced interoperability option with semantics and reasoning) will be
assessed and included in the follow up deliverable D3.2 on "HEDGE-IoT interfaces and tools for
interoperability”, also depicted in Figure 1. This subset of interoperable components will be then
integrated into the digital framework common to the project in Task 4.2 “Interoperability
middleware - open data connector”(if an entry-point interoperability and data space connectors are
required), and/or in the Task 4.3 “Semantic interoperability” (if advanced semantic interoperability
enabled by semantic adapters as gateways to data exchange is required).

In the present document, to map the proprietary digital interfaces, platform, and tools to be
engaged and deployed within the pilots, we created a survey that has been distributed among the
partners. A standardized template, accompanied by example platforms, was provided to guide
partners in completing the survey. The survey's template can be found in Section 8 - Appendix A of
this document. Furthermore, we organized several sessions to support the partners with their
questions and clarify their doubts. This structured approach has proven effective in collecting input
fromalarge consortium with numerous pilots, keeping the partners engaged and motivated through
focused and concise requests for contributions, while ensuring high visibility of results at any time
during the process, guaranteeing a consistency of responses across different pilots and facilitating
theanalysis of the results. Each pilot had the option to submit the survey more than once, as needed,
depending on the number of platforms planned to be used. Together with platforms, we have taken
stock also of related interfaces, tools and interoperability plans. Therefore, a certain platform could
also provide one or more related interfaces and tools. As a result, we collected twelve different
responses to the survey, which are included in Section 9 - Appendix B of this deliverable.

3 SURVEY STRUCTURE

The survey was structured in several sections, clustering related topics to facilitate completion by
partners and streamline analysis of results. The survey is composed of the following sections:

e Platforms: overview of the platform focused on its purpose, openness and TRL;

e Legislation: B2C platforms compliance with GDPR and the EU Al Act;

¢ Pilot architecture: platform’s position on the pilot, reusability and deployment;

o Dataspace connector: plans to integrate a dataspace connector in the platform;

e Semantic interoperability: types of data models and ontologies used and further plans for
semantic interoperability;

¢ Interfaces, services and tools: initial in-depth analysis of functionalities within the
platforms.

The details and rationale for this structure are provided in the sub-sections hereafter.

3.1 PLATFORMS

Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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The first section concerns platform details and collects information such as the platform's name,
purpose, a short description, provider(s), origin, openness, license, owner, and the Technology
Readiness Level (TRL). An overview of platform purposes is instrumental in quickly assessing the
scope of the different technologies used throughout the project and identifying commonalities. A
short descriptionisrequested for reporting purposes. The platform provider(s) serve as areference,
allowing the reader to identify the appropriate contact for further information. The platform’s origin
provides insights into whether the technology has been developed in the context of a research
project and/or through commercial funding. The question of openness is related to reusing and
eventually extending the technology, as an open-source initiative facilitates, to a certain extent,
these aspects. Clear license and Intellectual Property (IP) ownership are key aspects in pre-
competitive research projects such as HEDGE-IoT, where multiple parties collaborate on
innovations, re-using and/or extending existing platforms, interfaces and tools. TRL is an important
concept introduced by the European Union’s research framework program Horizon2020 [1]. It is
used to assess the maturity of a certain technology, ranging from early formulation of the
technology concept (low TRL)to complete systems proven in operational environments (high TRL).
Assessing the TRL level of the platforms, interfaces and tools at the beginning of the project helps
us to track their evolution throughout the lifespan of the project. In our survey, we asked the
partners to assess their technology based on TRLs defined as follows:

e TRL 1Basic principles observed

e TRL 2 Technology concept formulated

e TRL 3 Experimental proof of concept

e TRL 4 Technology validated inlab

e TRLb5 Technology validated in relevant environment

e TRL 6 Technology demonstrated in relevant environment

e TRL7System prototype demonstration in operational environment
e TRL 8 System complete and qualified

e TRL 9 Actual system proven in operational environment

3.2 LEGISLATION

The section concerning legislation examines regulatory aspects, particularly when surveyed
platforms, interfaces and tools are used for a Business-to-Consumer (B2C) purpose, directly
involving an individual end customers. In this case, it becomes even more important that the
technology under consideration complies with the General Data Protection Regulation (GDPR) or
relevant reqgulation for user privacy protection. Additionally, an assessment of whether the
technology makes use of an Artificial Intelligence (Al) component, based on, for example, Machine
Learning(ML)or Large Language Models(LLM)is conducted, and, if so, whether it complies with the
EU Al Act?.

3.3 PILOT ARCHITECTURE

2 https://www.europarl.europa.eu/topics/en/article/20230601STO93804/eu-ai-act-first-regulation-on-artificial-intelligence
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A dedicated section investigates the available platforms, interfaces and tools in relation to the
pilot’s architecture in which they are used. The same platform (or interface or service) can be used
by one or more pilots. Additionally, we assess whether the platform is deployed at the edge, fog or
cloud level in the architecture. Since enabling interoperability is a key objective of the project, the
direct reuse of (parts of) platforms in different pilots is beneficial. However, full reuse of one single
platform (for a certain purpose) across all pilots is unrealistic, as the market is characterised by
fragmentated solutions from multiple vendors, and there is no winning solution that could be used
with general consensus. Therefore, while reuse is a best-practice that we encourage, the way we
foresee interoperability is by creating a common interoperability framework to which different
platforms (like the ones we collected in this survey, or any other from external parties that will be
incorporated via open calls in a later stage of the project) can be connected. As a basis for such a
framework, we requested an architectural diagram illustrating where the platform is positioned, in
its main architectural building blocks. To better understand the application of the examined
platforms, we further asked the partners to link their platform(s) to the Business Use Cases (BUCs)
defined in D2.1"Requirements on an loT Could/Edge system for the Energy Ecosystem”[2]and the
System Use Cases (SUCs) defined in D2.2 “Functional Specification of the HEDGE-loT system”[3].

3.4 DATASPACE CONNECTOR

Given the importance of the data space connector in ensuring seamless and secure data exchange
between devices on the edge and operational platforms, we included a dedicated section in the
survey to investigate this aspect. While detailing the data space connector is outside the scope of
this deliverable, the initial results from this survey can be used as input to Task 4.2, which focuses
on deploying and integrating the data space connector into the HEDGE-IoT interoperability
framework. To that end, we asked the partners whether they plan to have a data space connectorin
their platform and, if not, to justify their answer. For those platforms that plan to have a data space
connector, we further requested to position it in the architectural diagram previously provided, and
whether there is a preference for a specific connector (e.qg., Eclipse Dataspace Component (EDC),
OneNet True Connector, TNO Security Gateway (TSG), etc.) and the reason for this preference.

3.5 SEMANTIC INTEROPERABILITY

The section is central to the deliverable as it examines aspects concerning semantic
interoperability, by investigating the landscape of the various protocols, data formats, data models
and ontologies usedin the pilots, as a foundation forintegration into to the common interoperability
layer in Task 4.3. To that end, we investigated whether the submitted platforms already provide (or
consider soon) support for semantic interoperability and, if so, where in the architectural diagram
previously provided such support is visible. We further enquired which ontologies and/or data
models are currently used, if any, with special attention to the Smart Applications REFerence
Ontology (SAREF) standardised by the European Telecommunication Standardisation Institute
(ETSI), which is used as main pilar for semantic interoperability in the HEDGE-loT project, and will
be eventually extended in Task 4.3, if needed, to accommodate new requirements from the pilots.

3 https://saref.etsi.org/
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We also made an inventory of the main protocols and formats used by the submitted platforms and
interfaces at the underlying communication level to exchange data.

3.6 INTERFACES, SERVICES AND TOOLS

The final section of the survey is designed to take stock of technological components at a fine-
grained granularity level, such as the interfaces, services and tools that can be part of a certain
platform. For this deliverable, we define a platform as a digital infrastructure on which some
software is executed and that supports the exchange of information and data with external parties.
Within the platform, services provide various types of functionalities to external parties, while
interfaces are used to describe these services, i.e., they are the means through which a service can
be accessed and utilised. In our survey, tools and wizards are intended to assist developers in
certain tasks, e.qg., development or configuration, and/or support end users to break complex
processesinto smaller and more manageable steps. Although an in-depth analysis of interfaces and
servicesisthe goal of parallel Tasks 3.2 and 3.3, our survey provides aninitial assessment of existing
interfaces, services, tools and wizards within the project. Additionally, we enquired whether there
are plans to extend the platforms with new interfaces, services and/or tools during the lifespan of
the project.
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4 SURVEY RESULTS

This section presents the survey results and the key observed trends, using charts to aid data
visualization, This section follows the same sub-section structure as Section 3.

4.1

PLATFORMS

We have received a total of 12 individual responses from all 6 pilots within the project. The name and
a short description of the platforms submitted via the survey are listed in Table 1.

Hedge loT LFM Platform

Semantic Treehouse

Al services for local grid

Real-Time Reserve Market

NEInE

PowerCIM

resilience

Apio Platform

Simulator

ABB edge platform

Dynamic and automated B2B
energy data and flexibility

service platform

EdgeConnect

Co-funded by
the European Union

Description

The Hedge loT LFM Platform is designed to enable and facilitate Local Flexibility Market (LFM)
trading. It provides a digital marketplace where energy producers, consumers, and prosumers
(those who both produce and consume energy) can trade energy flexibility in real time. By
connecting loT devices and smart meters, the platform gathers data on energy demand, supply,
and flexibility needs. This information enables participants to offer flexibility services—such as
adjusting energy consumption or production levels—which grid operators can purchase to
balance the local grid.

Semantic Treehouse is an open-source web application created by TNO. In data spaces it
plays the role of the Vocabulary Hub component. It is designed to boost adoption of semantic
standards by facilitating open standardization.

The PowerCIM platform enables grid model data persistence and exchange using the widely
deployed IEC Common Information Model standards and data formats, enabling efficient
versioned model data management and semantic enrichment of telemetry time series data.
The platform components are: 1. Core repository server, 2. Model viewer front end, 3. Standard
IEC 61970-552 CIM/XML adapter, 4. Generic SQL and CSV adapters, 5. CIM UML metamodel
management, 6. Data flow orchestrator The platform currently supports network equipment
data (CIM EQ profile), network state data (CIM SSH and SV profiles), geographic layout data
(CIM GL profile). In the near future we envision support for topology processing data (CIM TP
profile) and schematic diagram data (CIM DL profile).

This platform will actively monitor the functioning of the grid and will detect (technical)
anomalies within a series of measurements provided by devices hosted at Arnhems Buiten,
aiming to report possible (future) irregularities within the system.

The Apio Platform is a multi-tenant data-driven loT platform that provides energy value chain
stakeholders with the ability to connect and manage assets, ingest, analyze and export data
and support data driven decision making. It features well-known standards, such as MQTTS and
JSON REST APIs to interact with any of its functionalities and to integrate it with any other
service as well as other well-known data formats such as Parquet and Arrow for time-series
data. Supporting multiple stakeholder profiles, it features several modules, such as Renewable
Assets Management, Flexibility Management, Virtual Power Plant Management and more.

The Real-Time Reserve Market Simulator (MS) is an in-house developed tool that evaluates the
performance of a bid submitted for a particular time frame in comparison with historical bids
retrieved from ENTSO-E Transparency Platform. The platform validates the structure of the bid,
applies the necessary market rules for the selected Ancillary Service and determines if the bid
could be accepted in the corresponding market clearing process. In addition, it can issue
activation signals/messages and perform settlement calculations.

The platform enables sharing high volume data with strict real-time requirements between
different applications that are executed on an edge server in a virtualization environment.

The platform will include data sharing between different stakeholders including DSO, NEMO and
flexibility service provider (FSP) to realize predictive congestion management (CM). In addition,
the platform provides the possibility through eclipse dataspace connector to exchange data
with real-time CM algorithms running on the edge.

EdgeConnect is a digital platform that provides stakeholders (i.e., consumers, service providers,
aggregators, DSOs) along the value chain of flexibility provision with an integrated ecosystem
to support all main activities in this value chain, to help identify, unlock and make use of all
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available flexibility potential. As a multi-stakeholder platform, it comprehends several views,
providing distinct value propositions for each stakeholder.

SIF enables data exchange and reasoning based on semantically enriched information,
providing distributed loT EDGE/CLOUD/FOG support. The platform consists of two main
components: (1) the Knowledge Engine (KE) for data exchange, and (2) the SAREF framework of
ontologies as a common language. The platform'’s architecture supports semantic adapters for
different protocols and data formats. It uses semantic adapters to map different data models
to SAREF.

The solution requires installations of hardware components on the edge to track and monitor
energy consumption dynamics. It can monitor the full electricity consumption and separate
appliances, as well as small scale DERs (heat pumps, PVs and testing with BESS). The platform
works as a unified solution, with advanced energy analytics, user interfaces and control
mechanisms by users' input.

As part of numerous EU-funded projects, ICCS Al-based models and tools for smart building
management and flexibility modelling algorithms have been developed by ICCS. Services such
as demand and production forecasting, optimisation techniques in buildings, grids, energy
communities, flexibility scenarios and assessment, building energy efficiency have been tested
and validated both operationally and scientifically. The platform is an internal tool that is used
to further test and deploy energy applications, as part of ICCS research activities.

Semantic Interoperability
Framework (SIF) (based on
H2020 InterConnect)

Home Management System
(not a platform)

Al-library for energy
applications

TABLE 1. OVERVIEW OF THE PLATFORMS SUBMITTED THROUGH THE SURVEY

The responses show a wide range of platform purposes , including energy flexibility, congestion,
analytics and market participation via data sharing and interoperability, as well as anomaly
detection and prevention. Section 4.3 elaborates on these purposes with respect to the position of
the platforms in the energy value chain.

Most platforms are developed by partners directly involved in the HEDGE-IoT project. The majority
originated from previous European research projects, except for some cases that were funded
internally. As shown in Figure 2, most of the submitted platforms (8 out of 12) are not open source,
providing a realistic picture of a consortium that involves numerous industrial partners and grid
operators. This does not hinder interoperability, as these platforms can still be integrated into the
common digital middleware layer of the project with the use of software adapters. Some of the
platforms have clear licensing and IP, while there are also platforms that are undetermined with
respect to these topics.

Is your platform open source?

12 responses

@ Yes
@ No

= Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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FIGURE 2. CHART TO PRESENT SURVEY RESULTS ABOUT OPEN SOURCE

Regarding the maturity level of the platforms, the TRL is rather high, with most having been
validated in relevant environments. As shown in Figure 3, three platforms are positioned at a low
TRL (i.e., none at TRL 1, two at TRL 2, one at TRL 3, none at TRL 4); three platforms at TRL 5, two

platforms at TRL 6, three platforms at TRL7, and one operates at the highest TRL 9.

What is the current TRL (=Technology Readiness Level) of the platform?

12 responses

@ TRL 1 Basic principles observed

@ TRL 2 Technology concept formulated
@ TRL 3 Experimental proof of concept
@ TRL 4 Technology validated in lab

@ TRL 5 Technology validated in relevant
environment

@ TRL 6 Technology demonstrated in rel...
@ TRL 7 System prototype demonstratio...
@ TRL 8 System complete and qualified

@ TRL 9 Actual system proven in operati...

FIGURE 3. CHART TO PRESENT SURVEY RESULTS ABOUT MATURENESS

Table 2 summarizes the positioning of the various platformsin terms of TRL, from the lowest to the

highest level.
Platform Technology Readiness Level (TRL)
Al Services for Local Grid Resilience TRL 2 - Technology concept formulated
Dynamic and Automated B2B Energy Data and TRL 2 - Technology concept formulated
Flexibility Service
ABB Edge TRL 3 - Experimental proof of concept
Real-Time Reserve Market Simulator TRL 5 - Technology validated in relevant
environment
HEDGE-IoT LFM TRL 5 - Technology validated in relevant
environment
Home Management System TRL 5 - Technology validated in relevant

environment

EdgeConnect TRL 6 - Technology demonstrated in relevant
environment

the European Union
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Al-Library for Energy Applications TRL 6 - Technology demonstrated in relevant
environment

Semantic Treehouse TRL 7 - System prototype demonstration in
operational environment

Semantic Interoperability Framework (SIF) TRL 7 - System prototype demonstration in
operational environment

PowerCIM TRL 7 - System prototype demonstration in
operational environment

Apio TRL 9 - Actual system proven in operational
environment

TABLE 2. OVERVIEW OF THE PLATFORMS AND THEIR TRL

4.2 LEGISLATION

Most of the platforms are used in a Business-to-Business (B2B) context and are either non-
compliant or uncertain regarding compliance with the General Data Protection Regulation (GDPR) or
similar privacy legislation. The two platforms that are used in business to consumer comply with the
GDPR, as that is mandatory.

The use of Artificial Intelligence (Al) is limited to four platforms that mainly use learning techniques
like Machine, Deep or Federated Learning, as shown in Figure 4. Only one platform has confirmed
compliance with the European Al Act.

Which artificial intelligence technique does your platform use?

4 responses

@ Machine learning, such as regression
analysis, neural networks

@ (Large) language models, such as GPT
or BERT

@ Symbolic reasoning
@ Neuro-symbolic Al

FIGURE 4. CHART TO PRESENT SURVEY RESULTS ABOUT ARTIFICIAL INTELLIGENCE

4.3 PILOT ARCHITECTURE
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the European Union

Co-funded by This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216. 25
Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.



| Holistic Approoch
towards Empowerment of the

- Digitaizstion of the Energy Ecosystem
through adoption of loT solutions

All pilots have submitted one or more platforms (2 from Finland, 3 from Greece, 1from Italy, 3 from
Netherlands, 2 from Portugal, 1 from Slovenia). Two platforms indicated they can be used by more
than one pilot (i.e., the Semantic Treehouse and the Semantic Interoperability Framework). Future
developments in the project might increase the reuse of platforms.

In some cases, only a subset of platform functionalities will be utilised in the project.

Concerning use cases, each submitted platform is utilised in multiple (and in some cases, all) use
cases of the corresponding pilot. This indicates that these are main technologies that play a central
role within their pilots. The specific Business Use Cases (BUCs) and System Use Case (SUCs)* that
apply to the various platforms can be found in Section 8 - Appendix A.

Figure 1shows that the submitted platforms are deployed either in the edge, in which case they are
mostly concerned with loT assets, or, if they live in the cloud, are more concerned with the energy
market. A few platforms support cloud, fog and edge deployment at the same time, and those are
geared towards data exchange and Al services.

Where will the platform be deployed? (see explanation). Multiple answers are possible.

12 responses

EDGE 6 (50%)
FOG —1(8.3%)
cLoUD 10 (83.3%)
0 2 4 6 8 10

FIGURE 5. CHART TO PRESENT SURVEY RESULTS ABOUT EDGE AND CLOUD

As further shown in Figure B, the platforms used in the project are fairly distributed over various
parts of the energy value chain, from the TSO and DSO level to behind the meter at the home
premises.

“As defined in D2.1“Requirements on an loT Could/Edge system for the Energy Ecosystem”[2]and D2.2 “Functional Specifications of
the HEDGE-IoT system”[3]
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In which part of the electricity/energy chain does the platform operate?

12 responses

Behind meter —5 (41.7%)
On meter —1(8.3%)
After meter —3 (25%)
Local grid —5 (41.7%)
Aggregator —5 (41.7%)

Distribution System Operator (DSO) - 6(50%)

micro DSO —2 (16.7%)

Transmission System Operator (TSO) —3 (25%)

n.a. —1(8.3%)
Other —1(8.3%)

0 1 2 3 4 5 6

FIGURE B. CHART TO PRESENT SURVEY RESULTS ABOUT POSITION IN THE ENERGY VALUE CHAIN

In particular, we can summarise the positioning across the energy value chain as follows:

2 platforms focus on the energy market:

N

The Real-Time Reserve Market Simulator evaluates the performance of bids in reserve
markets. Position in the energy value chain in Figure 6: TSO, Aggregator.

The HEDGE-IoT LFM Platform enables trade energy flexibility in real time. Position in the
energy value chain in Figure 6: Behind meter, Local grid, Aggregator, DSO.

platforms cover the TSO/ DSO level:
The PowerCIM, enables grid model data persistence and exchange using IEC Common
Information Model standards and data formats. Position in the energy value chain in Figure
6: DSO, TSO.
The ABB Edge Platform focuses on the operational infrastructure to share high-volume
data with strict real-time requirements. Position in the energy value chain in Figure 6: DSO.

3 platforms are multi-stakeholder platforms for energy flexibility:

The Dynamic and Automated B2B Energy Data and Flexibility Service Platform for data
sharing among DSO, Nominated Electricity Market Operator (NEMOQ) and flexibility service
provider (FSP) to realise predictive congestion management (CM). Position in the energy
value chainin Figure 6: DSO, Other (i.e., between substation edge and predictive congestion
management, and between different energy stakeholders while trading energy flexibility).
The Apio platform connects energy flexibility providers and DSO with BEMS/EMS and other
edge devices/gateways. Position in the energy value chain in Figure 6: Behind meter, After
meter, Local grid, Aggregator, DSO.

The EdgeConnect platform provides stakeholders along the value chain of energy flexibility
provision (i.e., consumers, service providers, aggregators, DSOs) with an integrated
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HEDGE-

ecosystem to support their main activities. Position in the energy value chain in Figure
6Figure 6: after meter.

2 platforms are generic IT platforms for data sharing (not specific to the energy domain):

The Semantic Treehouse is used as a vocabulary hub for data spaces. Position in the energy
value chainin Figure 6: not applicable (N.A.).

The Semantic Interoperability Framework enables semantically enriched data exchange
and reasoning using ontologies. Position in the energy value chain in Figure 6: Behind meter,
Local grid, micro DSO.

2 platforms are a collection of Al services:

Al services for local grid resilience through detection and prevention of technical
anomalies using knowledge graph data modelled in SAREF. Position in the energy value
chainin Figure 6: Local grid.

Al-Library for Energy Applications to develop, test and validate energy analytics
applications (e.qg., forecasting, flexibility management, load management and energy
disaggregation). Positionin the energy value chainin Figure 6: Behind meter, On meter, After
meter, Local grid, Aggregator, DSO, micro DSO, TSO.

1 platform focuses on the home/building premises (behind the meter):

Home Management System to extract data and insights from residential buildings. Position
in the energy value chain in Figure 6: Behind meter, Aggregator.

4.4 DATASPACE CONNECTOR

Of the 12 platforms, 7 plan to integrate a data space connector, with the remaining ones citing three
reasons for not doing so: 1) they already conform to existing domain specific standards, 2) they only
use data space connectors for data exchange between legal entities which does not apply to their
platform, or 3) their platform requires high-volume and strict real-time requirements that data
space connectors cannot provide. Regarding the choice of data space connector, most do not
indicate a preference, and if they do, they prefer the Eclipse Dataspace Component (EDC)
connector, as shown in Figure 7.

the European Union
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Do you have a preference fora speciﬁc data space connector?
7 responses

@ Eclipse Dataspace Components (EDC)
@ True Connector

@ TNO Security Gateway (TSG)

@ No preference

@ We don't have a preference, we need to
investigate which one fits better in our
use cases.

FIGURE 7. CHART TO PRESENT SURVEY RESULTS ABOUT DATASPACE CONNECTOR

4.5 SEMANTIC INTEROPERABILITY

As shown in Figure 8, most of the responses acknowledge the need for semantic interoperability
indicating that their platforms already support it or consider adding support for it in the future.
These platforms (with their interfaces and tools) are candidates for inclusion in the follow up
deliverable D3.2 "HEDGE-IoT interfaces and tools for interoperability”.

Does the platform have or do you consider adding support for semantic interoperability?

12 responses

® vYes
® No

FIGURE 8. CHART TO PRESENT SURVEY RESULTS ABOUT SEMANTICS

The ETSI SAREF ontology [4] (e.g., SAREF core [5] and possible extensions, such as SAREF for
energy [6]) is an important semantic model that is or will be supported by some platforms. Other
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ontologies like the Web of Things(WoT)[7, 8]and Sensor, Observation, Sample and Actuator (SOSA)
[9]are also(considered to be)used.

The survey results indicate that examined platforms use a diverse (or fragmented) spectrum of data
modelstorepresent the information they are processing, often proprietary, but sometimes they use
standard data models, such as the IEC CIM, as defined by the IEC 61968 [10]and 61970 [ 11] standards,
or SPINE as defined by EN 50631[12], or S2 as defined by EN 50491-12-2[13].

What protocols does the platform use?

12 responses

REST —9 (75%)
MODBUS —2(16.7%)

MQTT —2(16.7%)
IEC 61850 —1(8.3%)

DNP3|—0 (0%)
OCPP |0 (0%)
EEBUS|—0 (0%)

Other —1(8.3%)
Other —1(8.3%)
Other —1(8.3%)

0 2 4 6 8 10

FIGURE 9. CHART TO PRESENT SURVEY RESULTS ABOUT PROTOCOLS

As shownin Figure 9, the most used protocol by the platformsis the Representational State Transfer
(REST). This aligns with the de facto industry standards.

What data formats does the platform use?

12 responses

JSON —11 (91.7%)
XML —4(33.3%)
YAML —1(8.3%)
csv —4(33.3%)
RDF —5 (41.7%)
OWL —3(25%)
SHACL —1(8.3%)
IEC 61850 —1(8.3%)
Graph patterns —1(8.3%)
0.0 2.5 5.0 7.5 10.0 12.5
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FIGURE 10. CHART TO PRESENT SURVEY RESULTS ABOUT DATA FORMATS

As shown in Figure 10, the most used data format by the platforms is the JavaScript Object Notation
(JSON). This aligns with the de facto industry standards.

4.6 INTERFACES, SERVICES AND TOOLS

The 12 platforms together submitted in total around 40 interfaces and services, of which 18 can be
characterised as business services, b as graphical interfaces and 17 as technical interfaces or
services. Moreover, 16 are related to the energy domain, by explicitly mentioning energy flexibility or
energy market, while the rest are more geared towards domain independent topics, like data
exchange, dashboards and analytics. Regarding tooling, the focus seems to lie on graphical
interfaces, but also additional endpoint and data modelling tools are mentioned. Most responses
indicate that platforms will be extended with additional interfaces, services or tools, over the course
of the project.
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5 DISCUSSION

This section proposes a discussion of the results presented in Section 0, as a guideline for their
interpretation and as basis for the continuation of the project.

The results concerning platform purposes indicate a diverse range of technologies that cover the
energy value chain, in line with the goal of the project to deploy loT assets at different levels of the
energy system (from the TSO level to behind-the-meter). To that end, some platforms focus on the
flexibility energy market, some others are dedicated to the TSO/DSO level, while a number is
dedicated to data sharing across multiple stakeholders for energy flexibility, including building
managers and end-users(or prosumers). Therefore, none of the relevant stakeholders is neglected.
The majority of these platforms have been specifically conceived for the energy domain, while two
of them, i.e., the Semantic Treehouse and the Semantic Interoperability Framework, are generic IT
platforms that can be applied to various domains. This demonstrates a well-distributed yet
comprehensive landscape across the pilots, providing solutions to all stakeholders along the value
chain. Some platforms offer alternative solutions from different providers, sometimes
complementing each other in different parts of the end-to-end flow.

Notably, most of the technologies presented in this document originate from previous European
research projects, demonstrating continuity and exploitability of the results across multiple
projects and initiatives over time. At the same time, since the HEDGE-IoT consortium involves
numerous industrial partners and grid operators, it could be expected that certain technology also
originated from private investments and will get the opportunity in this project to be tested and
deployedin a pre-competitive environment. While these proprietary platforms are not open source,
interoperability is not hindered, as they can be integrated into the common digital layer of the
project through software adapters. It is promising, however, that some of the platforms are open
source, as this will facilitate the reuse and evolution of software, algorithms and models in a
collaborative environment, during and beyond the HEDGE-IoT project. Itis also encouraging that the
surveyed platforms often use open standards, such as IEC CIM for grid operators and ETSI SAREF
for loT applications, showing involvement in and support by standardisation bodies.

The Survey results further exhibit a high maturity level of the various technologies, which have been
previously validated, demonstrated or prototyped in operational environments. This is in line with
the fact that HEDGE-IoT is conceived as a project focused on innovation at high TRL levels and that
most of the platforms used are the result of previous projects and investments (in existing pilots'
sites, not created from scratch). It also has to do with the fact that we requested the partners to
submit the already existing technologies that they will use in the pilots (therefore not tools that will
be developed from scratch in the project), which excluded responses containing technologies at a
very basic stage of research and development. The presence of 3 responses at TRL 2 and 3 (i.e.,
technology concept formulated and experimental proof of concept, respectively) presents an
opportunity in the project for some early-stage innovations to be further validated in relevant
environments. In general, the TRL scale provides a useful tool for qualitatively assessing
technological progress throughout the project and will be used to measure the change between the
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starting TRL levels presented in this deliverable, and the final levels reached at the end of the
project.

While the specifics of Al/ML and federated learning techniques used in the project fall outside the
scope of this deliverable, they will be further investigated in Tasks T3.2 “Al/loT enabled user-centric
services” and T3.3 “Federated Learning Tools and Services”. However, our results indicate the
following initial insights aligning with the project’s goal of integrating intelligence into edge and
cloud layers via advanced Al/ML tools and to bridging the cloud/edge continuum through federated
applications governed advanced computational orchestration solutions:

e the submitted platforms will be deployed directly at the edge, or on the cloud, or both at the
edge and on the cloud, and

e asubset of these platforms will use Al techniques such as Machine Learning, Deep Learning
and Federated Learning

e noresponses specifically indicated the use of LLMs and generative Al.

The survey results highlight the critical role of the data space connector in managing interoperable
and secure access to data across different actors and external platforms/services. The data space
connector, which is the focus of the parallel Task 4.2 “Interoperability Middleware - Open Data
Connector”, will be deployable and integrable in any of the existing platforms presented in this
document. As shown in Section 4, most of the platforms already consider integrating a data space
connector. The minority of responses that do not plan the usage of a data space connector relate to
Al services(i.e., Al services forlocal grid resilience and Al-library for energy applications)that do not
require a data space connector for their operation, or relate to a platform that deals with data
exchange of high volume and strict real-time requirements not compatible with data spaces, or a
platform that already conforms to existing IEC domain specific standards. For those responses that
specified a preference for a specific data space connector, the results are compatible with the
choice made in Task 4.2, in collaboration with the Technical Board of the project, to use the Eclipse
Dataspace Connector (EDC).

Survey results also indicate fragmentation with respect to data models (and protocols and data
formats) used by the different platforms. This reiterates the project’s goal that increasing
(semantic) interoperability within the loT and energy sectors is of utmost importance to face the
many challenges that lie ahead in the digital energy transition. To that end, it is promising that our
initial investigation resultedin 8 out of 12 responses that already support or plan to support semantic
interoperability (e.g., by using an ontology)in their pilots. The SAREF ontology standardized by ETSI
has been repetitively mentioned in the results, together with some other standardized ontologies
like the Web of Things (WoT) and Sensor, Observation, Sample and Actuator (SOSA) recommended
by the W3C. It can be expected that not all the platforms, interfaces nor services in the project will
need to become fully semantically interoperable, as this requires the development of additional
software adapters on top of the existing platforms that is not always essential, for example, when a
limited number of actors exchange data in the same environment based on some commonly agreed
protocol or standard (e.qg., as part of a specific pilot). However, semantic technology becomes
essential in large ecosystems for a meaningful and unambiguous exchange of information, and it
will be pivotalinthe HEDGE-IoT project when different pilots are to become interoperable with each
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other concerning cross-cutting use cases, or reuse of platforms or services across pilots. Additional
guidance will be provided in Task 4.3 “Semantic Interoperability” to partners planning to implement
semantic interoperability within their platforms.
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6 CONCLUSIONS

This document described the initial results of the Task 3.1 of the HEDGE-IoT project, which made
use of a survey distributed among the project’s partners to gather insights into the existing digital
interfaces, platforms, and tools that will be deployed in the project’s six pilots across Europe, more
precisely, in Finland, Greece, Italy, Netherlands, Portugal and Slovenia.

Viathe survey, we collected a total of 12 platforms and about 40 related interfaces and services. Key
conclusions from the survey include the following:

Variety of Technologies: The platforms cover different parts of the energy value chain, including
market participation, TSO/DSO level, congestion management, energy flexibility, end-users (e.q.,
consumers, producers and prosumers). Some platforms are generic IT platforms that are multi-
stakeholders, i.e., they can be used for data sharingamong various stakeholders in the energy value
chain. This landscape of technologies ensures that all relevant stakeholders are addressed in our
project.

High Maturity Level: Most platforms have a high TRL, indicating that they have been validated or
demonstrated in relevant environments.

Open Source and Standards: A fair number of platforms are open source and use open standards,
facilitating reuse and evolution in a collaborative environment.

Al: Some platforms use Al techniques for energy analytics.

Data Space Connectors: Various platforms plan to integrate data space connectors for secure data
exchange.

Semantic Interoperability: There is a recognised need for semantic interoperability, with several
platforms already supporting or planning to support semantic models like ETSI SAREF or IEC CIM.

Towards the creation of a robust and interoperable digital framework capable of supporting the
digital energy transition and enhance the resilience and efficiency of the energy ecosystem, the
following next steps will be taken in the continuation of the project:

¢ Interoperability Framework Development: The next phase involves identifying which
platforms, interfaces, and tools require interoperability (Task 3.1) and integrating them into
the common interoperability framework (to be developed in WP4).

o Data Space Connector Integration: A sub-set of the platforms presented in this document
will be integrated with data space connectors, focusing on the Eclipse Dataspace
Components(EDC)to ensure seamless and secure data exchange (Task 4.2).

¢ Semantic Interoperability Enhancement: Further guidance will be provided to partners to
support semantic interoperability, including the use of standardised ontologies and data
models like ETSI SAREF and IEC CIM(Task 4.3).
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e AI/ML Tools and Services: Detailed investigation and development of Al/ML tools and
services will continue, focusing on adding intelligence to the edge and cloud layers (Tasks
3.2 and 3.3).

e Monitoring and Evaluation: The progress of the platforms will be monitored, and their TRL

levels will be reassessed towards the end of the project to measure the advancements made
(WP5).

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.

Co-funded b;
the E Y Uni Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate, 36
@ European Union Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.



7 REFERENCES

[1] Strazza, Carlo; Olivieri, Nicolo; De Rose, Antonio ; Stevens, Tine ; Peeters, Leen; Tawil-damault,
Daniel; Buna, Marina: Technology readiness level. Guidance principles for renewable energy
technologies. Publisher: European Commission, Directorate-General for Research and Innovation
(2017).

[2] HEDGE-IoT Deliverable 2.1 “Requirements on an loT Could/Edge system for the Energy
Ecosystem”(2024).

[3]HEDGE-IoT Deliverable 2.2 “Functional Specifications of the HEDGE-loT System”(2024).

[4]EN 303760 V1.1.1(2024-10) SmartM2M; SAREF Guidelines for loT Semantic Interoperability;
Develop, apply and evolve Smart Applications ontologies (produced by ETSI).

[6]ETSITS 103 410-1V3.2.1(2024-01) SmartM2M; Smart Applications; Reference Ontology and
oneM2M Mapping.

[6]ETSITS 103 410-1V2.1.0(2024-10) SmartM2M; Extension to SAREF; Part 1: Energy Domain.

[7]W3C Recommendation (05 December 2023) Web of Things (WoT) Architecture 1.1
https://www.w3.org/ TR/wot-architecture/

[8] W3C Recommendation (05 December 2023) Web of Things (WoT) Thing Description 1.1
https://www.w3.org/TR/wot-thing-description/

[9]W3C Recommendation (19 October 2017) Semantic Sensor Network Ontology
https://www.w3.org/TR/vocab-ssn/

[10] International Electrotechnical Commission (IEC) TC 57 WG14, IEC 61968 Common Information
Model (CIM).

[1]International Electrotechnical Commission (IEC) TC 57 WG14, IEC 61970 Common Information
Model (CIM).

[12]EN 508631, parts 1-4: "Household appliances network and grid connectivity" (produced by
CENELEC)

[13] EN 50491-12-2: "General requirements for Home and Building Electronic Systems (HBES)
and Building Automation and Control Systems (BACS) - Part 12-2: Smart grid - Application
specification - Interface and framework for customer - Interface between the Home / Building
CEM and Resource manager(s) - Data model and messaging”(produced by CENELEC).

Co-funded by This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216. 37
the E Uni Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
@ European Union Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.


https://www.w3.org/TR/wot-architecture/
https://www.w3.org/TR/wot-thing-description/
https://www.w3.org/TR/vocab-ssn/

8 APPENDIX A -SURVEY TEMPLATE

This section presents the template of the survey that we have distributed among the partners to
take stock of their platforms, interfaces and tools.

Task 3.1: Survey on loT Platforms, interfaces and tools

Guidelines:

® Please first have alook at the example forms filled in by the Dutch and the

Portuguese pilots.
® If needed, some timeslots are available to provide support in filling in the form. Each
e pilot can have more than one platform. Therefore, we expect a certain pilot to fill in this
form more than once, if there are more platforms.
e Anplatform can be usedin one or more pilots. Therefore, the same platform can appear
in more than one form, as long as the pilot is different.
Together with platforms, we are taking stock of related interfaces and tools. A certain
platform can provide one or more related interfaces and tools. Therefore, one form(for a
certain platform) can contain information about several related interfaces and tools.

*Indicates required question

1. Email *
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Platform details
This section collects details about the platform, such as name, purpose, a short description,

provider(s), origin, openness, license, owner, and TRL.

2. What is the name of the platform? *

3. What is the purpose of the platform? *
4. What is the description of the platform (max. 200 words)? *

5. Which partner(s)/vendor(s) provide(s) the platform? It is possible to mention also external
partners that are not part of the HEDGE-IloT project.*

6. Where did the platform originate? Please provide a link, if possible. *

7. Is your platform open source? *

Mark only one oval.

@ Yes
@ No

8. What is the license of the platform? *
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10.

11.

O OO

HEDGE!

Apache License 2.0 (https://www.apache.org/licenses/LICENSE-2.0)

MIT License (https://opensource.org/license/mit)

GNU GPLv3 License (https://www.gnu.org/licenses/gpl-3.0.html)

BSD-3-Clause License (https://opensource.org/license/BSD-3-Clause)

Proprietary License

Other:

Comments about the license (optional)

Who owns the IP (if registered)? *

What is the current TRL (=Technology Readiness Level) of the platform? *

Mark only one oval.

Q TRL 1Basic principles observed

TRL 2 Technology concept formulated

TRL 3 Experimental proof of concept

TRL 4 Technology validated in lab

TRL 5 Technology validated in relevant environment

TRL 6 Technology demonstrated in relevant environment

TRL 7 System prototype demonstration in operational environment

TRL 8 System complete and qualified

Jo00o000o

TRL 9 Actual system proven in operational environment
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12. Isthe platformusedin B2B or B2C? *

Tick all that apply.

D B2B (Business to business)

D B2C (Business to consumer)

13. If B2C, do you comply with the GDPR or relevant regulation for user privacy protection?*

Mark only one oval.

@ Yes
@ No
@ Idon't know

14. Does the platform use an Al (Artificial Intelligence) component? *

Mark only one oval.

Q Yes Skip to question 15

Q No Skip to question 19

15. Isthe platform compliant with the European Al Act? *

Mark only one oval.
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Q Yes

Q No

Q Idon't know
() Other:

16. Please explain your answer about whether your platform is compliant with the Al Act*

17.  Which artificial intelligence technique does your platform use? *
Mark only one oval.
@ Machine learning, such as regression analysis, neural networks

Q (Large)language models, such as GPT or BERT
Q Symbolic reasoning

@ Other:

18. Please elaborate on which Al technique you use and on which problem you apply it.

Pilot

19.  In which pilot(s) will the platform be used? It is possible to select more than one pilot.  *

Co-funded by ! Thisprojectitasreceived furding fromtite Europearr Union's Horizorm Europe researcivand inmovation programime urnder tive Grant Agreermerntnarmber 101138216: 42
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Finland
Greece

Italy
Netherlands

Portugal

oot

Slovenia

20.  Concerning use cases, in which of your pilots BUCs and SUCs is your platform used? Please use
the BUC/SUC naming convention, like BUC-NL-01 *

21. Isthe platform being fully provided/used in the pilot or only parts? *

Mark only one oval.

D Fully provided/used Partially

D provided/used
D Other:

22. Incase only partially provided/used, please elaborate why

23.  What is the architecture of the pilot where your platform will be used? Please provide a simple

component diagram with main building blocks.*

24.  Where in the pilot architecture is your platform positioned? *

Mark only one oval.

Q Platform position is visible in architecture image uploaded.

Q Other:

= Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
the European Union
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25.  Where will the platform be deployed? (see explanation). Multiple answers are ~ * possible.

EDGE
FOG
CLOUD

1 OO

Other:

26. Do you plan to have a Data Space Connector in your platform? *
Mark only one oval.
@ Yes Skip to question 28
@ No Skip to question 31

27. If youdo NOT plan to have a Data Space Connector in your platform, please motivate your
choice

Data space connector follow-up

28. Where in the pilot picture is/are your data space connector(s) positioned? *

Mark only one oval.

@ Data space connector is visible in architecture figure uploaded.

Q Not yet visible, architecture with data space connector is still to be defined Other:

-,

29. Do you have a preference for a specific data space connector? *

Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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Mark only one oval.

@ Eclipse Dataspace Components (EDC)
@ True Connector

@ TNO Security Gateway (TSG) Other:

-,

30. Please explain your preference on the data space connector

Pilot continued

31. In which part of the electricity/energy chain does the platform operate? *

Behind meter

On meter

After meter

Local grid

Aggregator

Distribution System Operator (DSO) micro
DSO

Transmission System Operator (TSO) Other:

O OOt

32. Does the platform have or do you consider adding support for semantic interoperability? *

Mark only one oval.

= Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
the European Union
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@ Yes Skip to question 33

Q No Skip to question 36

Semantic Interoperability follow-up

33.  Where in the previously uploaded pilot picture is the platform using Semantic Interoperability?*
Mark only one oval.

@ Semantic Interoperability is visible in the architecture figure uploaded

@ Other:

34, What semantic models/ontologies does the platform use? *

None
ETSI SAREF ( Smart Applications REFerence ontology) framework
W3C SOSA (Sensor, Observation, Sample, and Actuator)

1 O

Other:

35. If other, please provide a short description and a link to the semantic model/ontology used by
your platform

Platform protocols, data formats and data models

36. What protocols does the platform use? *

= Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
the European Union
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37.

38.

O OODoodtd

REST
MODBUS
MQTT

IEC 61850
DNP3
OCPP
EEBUS

Other:

What data formats does the platform use? *

O OOt

JSON
XML
YAML
Ccsv
RDF
OowL

Other:

What data models does the platform use? *

O OOt

Co-funded by This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
the European Union

IEC CIM

DLMS-COSEM

Matter

EN 50491-12 (S2)

EN 50631 (SPINE/SPINE-IoT)
KNX

Proprietary

Other:
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39.

40.

41.

42.
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Please provide any additional remarks on protocols, data formats and data models, if needed

What specific interface(s)/service(s) does your platform provide? *
What additional tooling/wizards does your platform currently provide? *

Do you plan to extend the platform with additional tooling/interfaces/services during the
project?*

This content is neither created nor endorsed by Google.

Google rorms

= Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
the European Union
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9 APPENDIX B - INDIVIDUAL SURVEY RESPONSES
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through adoption of loT solutions

The following sub-sections present the 12 individual survey responses as they were submitted by
the partners®. Each sub-section consists of a table, followed by a figure that shows the architecture
of the pilot in which the platform is deployed. The Business Use Cases (BUCs)and System Use Case
(SUCs) mentioned in the tables are defined in D2.2 “Functional Specifications of the HEDGE-IoT

System”.

9.1

Question
What is the name of the platform?
What is the purpose of the platform?
What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

HEDGE-IOT LFM PLATFORM

Answer
Hedgelot LFM Platform
Local Flexibility Market
The Hedge lot LFM Platform is designed to enable
and facilitate Local Flexibility Market (LFM)
trading. It provides a digital marketplace where
energy producers, consumers, and prosumers
(those who both produce and consume energy)
can trade energy flexibility in real time. By
connecting loT devices and smart meters, the
platform gathers data on energy demand, supply,
and flexibility needs. This information enables
participants to offer flexibility services—such as
adjusting energy consumption or production
levels—which grid operators can purchase to
balance the local grid.
HENEX

No
Proprietary License

Not Registered

TRL 5 Technology validated in relevant
environment

B2B (Business to business)

No

5 All responses are inserted in this Annex as they were submitted, without modification,.

Co-funded by
the European Union
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Please explain your answer about

whether your platform is compliant with

the Al Act?

Which artificial intelligence technique

does your platform use?

Please elaborate on which Al technique

you use and on which problem you

apply it.

In which pilot(s) will the platform be Greece
used?

Concerning use cases, in which of your BUC-GR-03, SUC-GR-03.01 & SUC-GR-03.02
pilots BUCs and SUCs is your platform

used? Please use the BUC/SUC naming

convention, like BUC-NL-01

Is the platform being fully Fully provided/used
provided/used in the pilot or only parts?

In case only partially provided/used,

please elaborate

What is the architecture of the pilot See FIGURE 11
where your platform will be used? (only

main building blocks/components)

Where in the pilot architecture is your Platform position is visible in the architecture in
platform positioned? FIGURE T

Where will the platform be deployed? CLOUD

Do you plan to have a Data Space No

Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space

connector

In which part of the electricity/energy Behind meter, Local grid, Aggregator, Distribution
chain does the platform operate? System Operator (DSO)

Does the platform have or do you Yes

consider adding support for semantic

interoperability?

Where in the previously uploaded pilot DSO/TSO Coordination
picture is the platform using Semantic

Interoperability?

What semantic models/ontologies does  None

the platform use?

If other, please provide a short

description and a link to the semantic

model/ontology used by your platform

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
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What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

What additional tooling/wizards does
your platform currently provide?

Do you plan to extend the platform with
additional tooling/interfaces/services
during the project?

| Holistic Approoch
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REST
JSON, XML

Proprietary

Trading Interface, Registration Interface, User
Notification and Alert Service, Analytics and
Reporting Interface

None

Yes

TABLE 3. SURVEY RESPONSE FOR THE HEDGE-I0T LFM PLATFORM

¢ H Grid loT-Edge Devices
Seze

PPC

EDNO:  Main Assets N . B‘_ﬁ
IPTO | 100 buildings {aggregator) N—J “'4@

ENEX

CCs | Marketbased flexibility | Smart Appliances  Edge Smart Meters, V2G

CLUBE PVs, Demand mgmt  loT devices (Raspberry)

Mm:mm it exchomge E

-

Energy Home Management Billing Energy Meters
Al Federated Learning Flexibility Grid Assessment

Al T L TN AR | xS E ey Ty e o VT N,

: Activition
Grid Disturbance Simulator  LFM Intra-day platform myEnergyCoach, DEI blue
Grid State/Security Estimation Settlement, Activation Market based Flexibility services

FIGURE 11. ARCHITECTURE FIGURE FOR HEDGE-I0T LFM PLATFORM
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9.2 SEMANTIC TREEHOUSE

Question
What is the name of the platform?
What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?
Is your platform open source?
What is the license of the platform?

Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully

provided/used in the pilot or only parts?

Co-funded by
the European Union
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Answer
Semantic Treehouse
Semantic Treehouse helps participants in data
ecosystems to agree on, define and improve
common data models and semantics.
Semantic Treehouse is an open-source web
application created by TNO. In data spaces it
plays the role of the Vocabulary Hub component.
It is designed to boost adoption of semantic
standards by facilitating open standardization.
TNO

TNO

Yes

Apache License 2.0
(https://www.apache.org/licenses/LICENSE-2.0)

TNO

TRL 7 System prototype demonstration in
operational environment

B2B (Business to business)

No

Finland, Greece, Italy, Netherlands, Portugal,
Slovenia

Since Semantic Treehouse is an implementation
of the Vocabulary Hub, and the Vocabulary Hub is
a central Data Space service, any pilot BUC or
SUC that involves information exchange via a data
space connector will have a link with the
Vocabulary Hub service.

Partially provided/used

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216. 52
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In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?
Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

Co-funded by
the European Union
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n.a.

See FIGURE 12

Like the data space connector, metadata broker
and clearing house, the vocabulary hub is a
central data space component, which means it is
not part of the pilot architecture.

CLOUD

Yes

n.a.
TNO Security Gateway (TSG)

It's partially implemented. But EDC is fine, too.

n.a.
Yes

Semantic Interoperability is visible in the
architecture figure uploaded

ETSI SAREF (Smart Applications REFerence
ontology) framework, W3C SOSA (Sensor,
Observation, Sample, and Actuator)

SEAS

REST
JSON, XML, YAML, CSV, RDF, OWL, SHACL

n.a.

- data validator based on schema (XSD, JSON
Schema, SHACL)

- data model issue management

- viewing semantic models / data models in
browser

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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HEDGE
What additional tooling/wizards does
your platform currently provide?
Do you plan to extend the platform with
additional tooling/interfaces/services
during the project?

creation of application profile from semantic
models and data models

1. Graph pattern generation

2. mapping recommendation service

TABLE 4. SURVEY RESPONSE FOR THE SEMANTIC TREEHOUSE

IDS Connector | Vocabulary Hub

Metadata
Broker

IDS Connector

Data Source IDS Connector | "

A AY
Data Provider ~ / Data Consumer

Data Sink

3 7 [

Dataset(s) transferred from Provider to
Consumer (or vice versa)

Metadata Description of

\

*
AY

Clearing
House

Contract

X » b ¥
AN

LY

\

44
ot

" 4—————p  Data exchange (active)
Datasets/Provider/Consumer N ",
-, . Data exchange (inactive)
Contracts on records and logs on data .
transactions, if required by the contracts v % | App @ — — — — p Metadata exchange
s . | Store
Application for specificdata | [T e »  App download

processing (e.g., manipulation, analysis)

FIGURE 12. ARCHITECTURE FIGURE FOR SEMANTIC TREEHOUSE
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9.3 POWERCIM

Question
What is the name of the platform?
What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Co-funded by
the European Union

Y
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Answer
PowerCIM
A repository platform for application integration
and storage of IEC Common Information Model
electrical grid model data
The PowerCIM platform enables grid model data
persistence and exchange using the widely
deployed I[EC Common Information Model
standards and data formats, enabling efficient
versioned model data management and semantic
enrichment of telemetry time series data.
The platform components are: 1. Core repository
server, 2. Model viewer front end, 3. Standard IEC
61970-552 CIM/XML adapter, 4. Generic SQL and
CSV adapters, 5. CIM UML metamodel
management, 6. Data flow orchestrator.
The platform currently supports network
equipment data (CIM EQ profile), network state
data (CIM SSH and SV profiles), geographic layout
data (CIM GL profile). In the near future we
envision support for topology processing data
(CIM TP profile) and schematic diagram data (CIM
DL profile).
KONCAR Digital Ltd.

Internally financed development
No
Proprietary License

KONCAR Digital Ltd.

TRL 7 System prototype demonstration in
operational environment

B2B (Business to business)

No

No

towords Empowerme
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Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?
Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

Co-funded by
the European Union
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HEDGE

Slovenia

BUC-SI-02, SUC-SI-02.1, SUC-SI-02.2

Partially provided/used

The PowerCIM core system is provided fully, but
only necessary standard data adapters and
specialized adapters developed for HEDGE-IoT
will be provided

See FIGURE 13

Platform position is visible in the architecture
image in FIGURE 13

CLOUD

No

Our platform is IEC standardized according to the
standards relevant to the field of the electric
power system that we work with.

Distribution System Operator (DSO), Transmission
System Operator (TSO)
Yes

We can semantically interoperate using the [EC
61968 and 61970 standards (which use common
UML and RDF frameworks). It is also visible in
FIGURE 13

Common Information Model framework as
defined by IEC 61968 and 61970 standards
Common Information Model framework as
defined by IEC 61968 and 61970 standards

REST
JSON, XML, RDF

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
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What data models does the platform

use”?

Please provide any additional remarks
on your protocols, data formats and

data models, if needed

What specific interface(s)/service(s)
does your platform provide?
What additional tooling/wizards does

Y

Holistic Approoch
towards Empowerment of the

HEDGE

through adoption of loT solutions

IEC CIM, Common Information Model as defined

by IEC 61970-301 and 61968-11

61970-552.
Other protocols and import/export data formats
can be supported via adapters.

The platform natively supports REST APl access
and CIM/XML file import/export as defined by [EC

PowerCIM model query REST service, PowerCIM

CIM/XML import/export service

your platform currently provide?

Do you plan to extend the platform with
additional tooling/interfaces/services

during the project?

A frontend app

We plan to extend the platform with specialized
additional adapters to integrate with systems not

supporting a standardized CIM data exchange
(metering model, Dynamic Thermal Rating).

TABLE 5. SURVEY RESPONSE FOR POWERCIM

Digitaizstion of the Energy Ecosystem

Co-funded by
the European Union

Weather data

HA0

Secondary substation Secondary substation Secondary substation
Weather Metering/PQ Temperature | Temperature Wea_lner Metering/PQ Temperature | Temperature ‘Weather Metering/PQ Temperature | Temperature
station sensor x1 sensor xn station sensor x1 sensor xn station sensor x1 Sensor xn
edge DTR edge DTR edge DTR
CIM model
exchange
552
Cloud —
PowerCIM

DSO

‘ GIS
Metering / PQ

\

Data scientist

time series

FIGURE 13. ARCHITECTURE FIGURE FOR POWERCIM
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9.4 Al SERVICES FOR LOCAL GRID RESILIENCE

Question
What is the name of the platform?
What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?
Where did the platform originate?

Is your platform open source?
What is the license of the platform?
Comments about the license (optional)

Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you

apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Co-funded by
the European Union

Answer
Al services for local grid resilience
To enhance local grid resilience through detection
and prevention
This platform will actively monitor the functioning
of the grid and will detect (technical) anomalies
within a series of measurements provided by
devices hosted at Arnhems Buiten, aiming to
report possible (future) irregularities within the
system.
VU and Arnhems Buiten

The platform was conceptualized during the
Interconnect project
(https://interconnectproject.eu,
https://zenodo.org/records/10566775)

Yes

Other: To be determined at a later moment
Depends on the software and/or libraries that will
be included in the future

Not applicable

TRL 2 Technology concept formulated

B2B (Business to business)
| don't know

Yes
Yes

The service provides a low-risk and non-general
purpose Al system that ingests and yields non-
sensitive data, owned by the same agent.

Neuro-symbolic Al

The service will employ a combination of graph-
learning techniques, outlier detection, and time-
series analysis to timely detect anomalies in
SAREF-encoded graph data from connected
energy nodes.

Netherlands

Fully provided/used

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)

Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?
Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

Co-funded by
the European Union

Y

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

HEDGE

Fully provided/used

See

FIGURE 14

Platform position is visible in the architecture in

FIGURE 14
EDGE
No

At present, our platform solely relies on the data
provided by the Knowledge Engine. This might be
extended to include a Data Space Connector in
the future, depending on the developments within
HEDGE-IoT.

Local grid

Yes

Semantic Interoperability is visible in the
architecture in

FIGURE 14
ETSI SAREF (Smart Applications REFerence
ontology) framework

REST

JSON, RDF, OWL,
Graph patterns
Other: Not applicable

Our platform operates on graph data modelled in
SAREF

Jupyter Notebooks

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
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HEDGE-

Y

What additional tooling/wizards does A custom Grafana dashboard

your platform currently provide?

Do you plan to extend the platform with  Likely

additional tooling/interfaces/services
during the project?

TABLE 6. SURVEY RESPONSE FOR Al SERVICES FOR LOCAL GRID RESILIENCE
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FIGURE 14. ARCHITECTURE FIGURE FOR Al SERVICES FOR LOCAL GRID RESILIENCE

Holistic Approoch
towards Empowerment of the
Digitaiization of the Energy Ecosystem
thraugh odoption of loT solutions
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9.5 APIO PLATFORM

Question
What is the name of the platform?
What is the purpose of the platform?
What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?
Where did the platform originate?

Is your platform open source?
What is the license of the platform?
Comments about the license (optional)

Who owns the IP (if registered)?
What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about

whether your platform is compliant with

the Al Act?

Which artificial intelligence technique
does your platform use?

Co-funded by
the European Union

HEDGE!

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

Answer
Apio Platform
Enable DERs participation in Flexibility Market
The Apio Platform is a multi-tenant data-driven
loT platform that provides energy value chain
stakeholders with the ability to connect and
manage assets, ingest, analyze and export data
and support data driven decision making.

It features well known standards, such as MQTTS
and JSON REST APIs to interact with any of its
functionalities and to integrate it with any other
service as well as other well-known data formats
such as Parquet and Arrow for time-series data

Supporting multiple stakeholder profiles, it
features several modules, such as Renewable
Assets Management, Flexibility Management,
Virtual Power Plant Management and more.
Apio

The Apio Platform originated from the company
experience, the Blockchain Access Layer
originated in H2020 project Platone.
https://www.platone-h2020.eu/

No

Proprietary License

We are in the process of open-sourcing the core
of the platform, pursuing a "Open Core"” model.
Not Registered, but owned by Apio

TRL 9 Actual system proven in operational
environment

B2B (Business to business)

Yes

Yes
| don't know

Our usage of "Al" within our platform is in the form
of Machine Learning algorithms for time series
data prediction. These forecasts are used as
"Decisional Support” to the stakeholder rather
than as automated action.

Machine learning, such as regression analysis,
neural networks

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?

Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?

What data formats does the platform
use?

Co-funded by
the European Union

Y

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

HEDGE

We apply ML algorithms and techniques to
energy related time series data for forecasting,
outlier detection and anomaly detection.

Italy

SUC-IT-011
SUC-IT-01.2
SUC-IT-02.1

Fully provided/used

See FIGURE 15

Platform position is visible in the architecture in
FIGURE 15

EDGE, CLOUD

Yes

Not yet visible, architecture with data space
connector is still to be defined

Other:

We don't have a preference, we need to
investigate which one fits better in our use cases.
We do not have a lot of experience with data
space connectors, only with True Connector in
project Platoon

Behind meter, After meter, Local grid, Aggregator,
Distribution System Operator (DSO)

Yes

Other: In exchanges with Stakeholders

Other: We will adopt SAREF, we are working on
WoT integration for another project
https://www.w3.org/WoT/

REST, MODBUS, MQTT, CHAIN2 protocol from Main

Meters, HTTPS (REST on HTTPS)
JSON, CSV

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

What additional tooling/wizards does
your platform currently provide?

Do you plan to extend the platform with
additional tooling/interfaces/services
during the project?

| Holistic Approoch

towards Empowerment of the
- Digitaizstion of the Energy Ecosystem
through odoption of foT solutions

EN 50631 (SPINE/SPINE-1oT), KNX, Proprietary

Our platform exposes all the capabilities via REST
JSON APIs, we have an OpenApi Specification at
https://documentation.apio.network/api/

- loT Asset Management

- Renewable Asset Management

- Energy Community Management (To be
developed withing the project)

- Flexible Assets Management

- Smart Energy Analytics

- Smart Home Analytics

- Smart Building Analytics

- Rule Engine Interface

- Reports Generation Interface

- Time Series Data Explorer and Dashboarding

- Anomaly detection and visualization

- User management with Role Based and
Resource Based access controls

- Actionable Documentation (OpenAPI)

- SDKs

- Grafana Connector

We will build the Energy Community Management
and Virtual Power Plant Management capabilities

TABLE 7. SURVEY RESPONSE FOR Al SERVICES FOR THE APIO PLATFORM

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
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9.6 REAL-TIME RESERVE MARKET SIMULATOR

Question
What is the name of the platform?
What is the purpose of the platform?
What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Answer
Real-Time Reserve Market Simulator
Simulate Reserve Market participation
The Real-Time Reserve Market Simulator (MS) is
an in-house developed tool that evaluates the
performance of a bid submitted for a particular
time frame in comparison with historical bids
retrieved from ENTSO-E Transparency Platform.
The platform validates the structure of the bid,
applies the necessary market rules for the
selected Ancillary Service and determines if the
bid could be accepted in the corresponding
market clearing process. In addition, it can issue
activation signals/messages and perform
settlement calculations.
R&D Nester

European project FlexUnity

No

Other: No license

No license considered at the moment
R&D Nester (IP not registered)

TRL 5 Technology validated in relevant
environment

B2B (Business to business)

| don't know

No

Portugal

BUC-PT-02 and respective SUCs

Co-funded by This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?

Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

Co-funded by
the European Union

| Holistic Approoch
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 the
Digitaizstion of the Energy Ecosystem
through odoption of foT solutions

Partially provided/used

Some developments (Replacement Reserve
Product) are deprecated but kept in the platform
See FIGURE 16

Platform position is visible in the architecture in
FIGURE 16

CLOUD

Yes

Data space connector is visible in the
architecture in FIGURE 16
Other: No preference

No preference

Aggregator, Transmission System Operator (TSO)

No

REST
JSON, XML

IEC CIM

We use standard I[EC 62325-351 as a requirement
to submit files into the service. The standard is
incorporated and nothing is built on top of it.
Receive bids

Provide Bid validation

Provide Selection notification

Provide Activation signal

Receive metering data

Provide Settlement notification

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216. 66
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What additional tooling/wizards does APl Endpoints
your platform currently provide?

Do you plan to extend the platform with  Front-end
additional tooling/interfaces/services

during the project?

TABLE 8. SURVEY RESPONSE FOR THE REAL-TIME RESERVE MARKET SIMULATOR
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FIGURE 16. ARCHITECTURE FIGURE FOR REAL-TIME RESERVE MARKET SIMULATOR
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9.7 ABB EDGE PLATFORM

Question
What is the name of the platform?
What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

Co-funded by
the European Union

HEDGE-

Answer
ABB edge platform
Share real-time data between different
applications in an efficient way

The platform enables sharing high volume data
with strict real-time requirements between
different applications that are executed on an
edge server in a virtualization environment.
ABB

ABB

No

Proprietary License

ABB
TRL 3 Experimental proof of concept

B2B (Business to business)

| don't know

No

Finland

All Finnish pilot use cases

Fully provided/used

| Holistic Approoch

towords Empowerme
Digitaiization of the Ener
thraugh adoption of loT solutions
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What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?
Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

What additional tooling/wizards does
your platform currently provide?

Co-funded by
the European Union

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

HEDGE-

See below

Platform position is visible in the architecture in
FIGURE 17

EDGE

No

Data space connectors are not applicable for
data exchange that has high volume and strict
real-time requirements.

Distribution System Operator (DSO)

No

IEC 61850
Other: IEC 60870-5-104 and IEEE 1588 v2

Other: IEC 61850

Other: IEC 61850, Comtrade

The edge platform has the capability to
communicate with components outside the
server using 61850 SV, GOOSE and MMS, IEC
60870-5-104 and IEEE 1588 v2 (Precision Time
Protocol). The platform internal communication
between the different applications is still under
development.

The platform enables sharing data from IEC 61850
data model to third party applications within the
edge server.

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
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Do you plan to extend the platform with
additional tooling/interfaces/services

during the project?

Subtransmission
network 110 kv

400/110 kv

| memmmeeececeaayq

tools will be used.

HEDGE

TABLE 9. SURVEY RESPONSE FOR THE ABB EDGE PLATFORM

3" party
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(TSO and
neighbouring DSO)

Distribution
110/20 kv network 20 k

(neighbouring |

DSO)

IEEE 1588 PTP

Flexibility
market

maagement

Y

Tools for configuring the platform internal
services will be documented and standard editing

Holistic Approoch
towards Empowerment of the
Digitalization of the Energy Ecosystem
thraugh adoption of loT solutions
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9.8 DYNAMIC AND AUTOMATED B2B ENERGY DATA AND FLEXIBILITY

SERVICE PLATFORM

Question
What is the name of the platform?

What is the purpose of the platform?
What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?
Is your platform open source?
What is the license of the platform?

Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully

provided/used in the pilot or only parts?

Co-funded by
the European Union

Answer
Dynamic and automated B2B energy data and
flexibility service platform
Data-sharing services and operation services
The platform will include data sharing between
different stakeholders including DSO, NEMO and
flexibility service provider (FSP) to realize
predictive congestion management (CM). In
addition, the platform provides possibility through
eclipse dataspace connector to exchange data
with real-time CM algorithms running on the edge.
TAU

Research project

Yes

MIT License (https://opensource.org/license/mit)
Other: No license defined yet

No
TRL 2 Technology concept formulated

B2B (Business to business)

Yes

No

Finland

All congestion management use cases

Partially provided/used

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.
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In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?

Does the platform have or do you
consider adding support for semantic
interoperability?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

Co-funded by
the European Union

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

HEDGE-

See FIGURE 18

Platform position is visible in architecture image
uploaded.

FOG, CLOUD

Yes

Data space connector is visible in the
architecture in FIGURE 18
Eclipse Dataspace Components (EDC)

Distribution System Operator (DSO), Other:
Between substation edge and predictive
congestion management, and between different
energy stakeholders while trading of energy
flexibility

Yes

Other: Between different data sources, improving
interoperability between data formats

Other: Not defined yet

HTTP
JSON

Other: Not defined yet

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.
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| Holistic Approoch
towords Empowerment of the

- Digitaizstion of the Energy Ecosystem
through odoption of foT solutions

What additional tooling/wizards does =
your platform currently provide?

Do you plan to extend the platform with -
additional tooling/interfaces/services
during the project?

TABLE 10. SURVEY RESPONSE FOR THE DYNAMIC AND AUTOMATED ENERGY DATA AND FLEXIBILITY SERVICE PLATFORM

Dynamic and automated B2B energy data and flexibility service platform

T T T
DSO ) NEMO ) FSP/s wlh
Virtual machine on cloud 3 Virtual machine on cloud Virtual machine on cloud
- i i

data management i .« : Simulated - A_ Bidding
LFM
[ Message bus |

Eclipse
A dataspace
connector

Virtual machine on edge

I Message bus |

Real-time congestion
management

§

Distribution grid

FIGURE 18. ARCHITECTURE FIGURE FOR DYNAMIC AND AUTOMATED ENERGY DATA AND FLEXIBILITY SERVICE PLATFORM
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9.9 EDGECONNECT

Question
What is the name of the platform?
What is the purpose of the platform?
What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?
Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully
provided/used in the pilot or only parts?

Co-funded by
the European Union

Y

Holistic Approoch

HEDGE

Answer
EdgeConnect
Enable the energy flexibility value chain
EdgeConnect is a digital platform that provides
stakeholders (i.e., consumers, service providers,
aggregators, DSOs) along the value chain of
flexibility provision with an integrated ecosystem
to support all main activities in this value chain, to
help identify, unlock and make use of all available
flexibility potential. As a multi-stakeholder
platform, it comprehends several views, providing
distinct value propositions for each stakeholder.
INESC TEC

The European Project BeFlexible
(https://beflexible.eu/)

No

Other: No License

INESC TEC

TRL 6 Technology demonstrated in relevant
environment

B2B (Business to business)

| don't know

No

Portugal

BUC-PT-01, BUC-PT-02 and BUC-PT-03

Partially provided/used

towords Empowerme
Digitaiization of the Ener
thraugh adoption of loT solutions

nt of
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In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?
Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

Co-funded by
the European Union

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

HEDGE-

See FIGURE 19

Platform position is visible in the architecture in
FIGURE 19
CLOUD

Yes

Not yet visible, architecture with data space
connector is still to be defined
Other: No preference

After meter

Yes

Other: During any interaction with stakeholders
related to the flexibility value chain

None

REST
JSON

Other: User defined models

EdgeConnect provides services for:

- Onboarding and characterizing consumer
assets, giving them a flexibility profile

- Pairing flexibility service providers with
consumers with flexible assets

- Proxy and integration of flexibility services
between providers, the market and DSOs, such as
bid qualification, bid negotiation, market clearing
and settlement.

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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| Holistic Approoch
towords Empowerment of the

- Digitaizstion of the Energy Ecosystem
through odoption of foT solutions

What additional tooling/wizards does There is a wizard to help onboard stakeholders on

your platform currently provide? the platform, as well as to help consumers
register their assets.

Do you plan to extend the platform with  Yes, we plan to create a new interface to allow

additional tooling/interfaces/services two or more aggregators to take their bids

during the project? together to market using a procedure called a
"bilateral agreement”. Furthermore, we plan to
extend the platform using data connectors to
enable interoperable data exchange between the
platform and its stakeholders.

TABLE 11. SURVEY RESPONSE FOR THE EDGECONNECT PLATFORM

! Market Simulator

1
I
[
I
1
I
I Market Operator SO Platform
1
i
1
1
1

EdgeConnect

Primary Aggregator Secondary Aggregator

HEMS BEMS

FIGURE 19. ARCHITECTURE FIGURE FOR EDGECONNECT

Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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HEDGE!

9.10 SEMANTIC INTEROPERABILITY FRAMEWORK (SIF)

Question
What is the name of the platform?

What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?
Where did the platform originate?

Is your platform open source?
What is the license of the platform?

Comments about the license (optional)

Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Co-funded by This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,

the European Union

Answer

Semantic Interoperability Framework (SIF) (based

on H2020 InterConnect)

Semantically interoperable data exchange and

reasoning using ontologies (e.g., SAREF)

The SIF enables data exchange and reasoning
based on semantically enriched information,
providing distributed loT EDGE/CLOUD/FOG
support. The platform consists of two main
components: (1) the Knowledge Engine (KE) for
data exchange, and (2) the SAREF framework of
ontologies as a common language. The platform’s
architecture supports semantic adapters for
different protocols and data formats. It uses
semantic adapters to map different data models

to SAREF.

TNO, INESC TEC, VizLore (NOTE: VizLore is not

partner in HEDGE-IoT)

The European Project H2020 InterConnect

(https://interconnectproject.eu/)
Yes
Apache License 2.0

(https://www.apache.org/licenses/LICENSE-2.0)

BSD-3-Clause License

(https://opensource.org/license/BSD-3-Clause)

- Knowledge Engine under Apache License 2.0
- SAREF framework at ETSI forge under BSD-3-

Clause License

SIF IP owned by TNO, INESC TEC, VizLore (note:

SAREF framework under ETSI IP)

TRL 7 System prototype demonstration in

operational environment

B2B (Business to business)
| don't know

No

Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.
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Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?
Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

Co-funded by
the European Union

| Holistic Approoch
towards Empowerment of
=

Netherlands, Portugal

BUC-NL-01, BUC-NL-02
SUC-NL-01.1, SUC-NL-01.2, SUC-NL-01.3
SUC-NL-02.1, SUC-NL-02.2

Partially provided/used

The SIF, as originally developed in the H2020
InterConnect project, comprises a set of
components. In the Dutch pilot of HEDGE-IoT we
reuse a subset of these components, namely (1)
the Knowledge Engine with the Generic Adapter,
and (2) the SAREF ontologies framework

See FIGURE 20

Platform position is visible in the architecture in
FIGURE 20

EDGE, CLOUD

Yes

Data space connector is visible in the
architecture in FIGURE 20
Eclipse Dataspace Components (EDC)

We are in favor of a connector that supports the
Data Space protocol. Our preference goes
specifically towards the Eclipse Dataspace
Components (EDC).

Behind meter, Local grid, micro DSO

Yes

Semantic Interoperability is visible in the
architecture figure uploaded

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.
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What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

What additional tooling/wizards does
your platform currently provide?

Do you plan to extend the platform with
additional tooling/interfaces/services
during the project?

| Holistic Approoch
=

ETSI SAREF (Smart Applications REFerence
ontology) framework

REST
JSON, RDF, OWL

EN 50491-12 (S2), EN 50631 (SPINE/SPINE-IoT)

Concerning protocols, the SIF platform natively
supports REST, but other protocols (like MODBUS,
MQTT) are supported via semantic adapters.
Concerning data models, in principle it could
support any data model via semantic adapters,
but EN 50491-12 (S2) and EN 50631 (SPINE/SPINE-
loT) have been already largely tested and
deployed in the InterConnect project.

- Knowledge Engine Dev REST/Java interface
- Generic Adapter REST service

There is a wizard to help developers to edit and
visualize RDF graph patterns
(https://interconnect-dev.inesctec.pt/graph/)

Yes. We plan to extend the platform with some
additional services for anomaly detection and
predictive maintenance of the local grid.
Furthermore, we plan to extend the platform with
some additional tooling for:

- SemanticTreeHouse (STH) as vocabulary Hub

- pipeline to create mappings to SAREF

- validation of SAREF mappings (in collaboration
with Trialog)

TABLE 12. SURVEY RESPONSE FOR THE SEMANTIC INTEROPERABILITY FRAMEWORK

Co-funded by
the European Union

towords Empowerment of
Digitaiization of the Ener
thraugh adoption of loT solutions
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FIGURE 20. ARCHITECTURE FIGURE FOR SEMANTIC INTEROPERABILITY FRAMEWORK
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9

Question
What is the name of the platform?
What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?

Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you

apply it.

In which pilot(s) will the platform be
used?

Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Co-funded by
the European Union

HEDGE!

Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

HOME MANAGEMENT SYSTEM

Answer
Home Management System (not a platform)
To extract data and insights from residential
buildings using edge and cloud operations
The solution requires installations of hardware
components on the edge to track and monitor
energy consumption dynamics. It can monitor the
full electricity consumption and separate
appliances, as well as small scale DERs (heat
pumps, PVs and testing with BESS). The platform
works as a unified solution, with advanced energy
analytics, user interfaces and control mechanisms
by users' input.
ICCS

Internal development
No
Proprietary License

ICCS

TRL 5 Technology validated in relevant
environment

B2C (Business to consumer)

Yes

Yes
Other: Under development

As a research project, it complies with all
regulations. Right now, we are testing the
technologies, and we are in consultation with the
internal departments to identify any potential
risks and obligations.

Machine learning, such as regression analysis,
neural networks

Machine, Deep, Federated, Reinforcement
Learning, for residential energy analytics, flexibility
provision, load demand and energy generation
forecasts, energy efficiency analytics

Greece

SUC-GR-01, SUC-GR-02, SUC-GR-03, SUC-GR-
04, SUC-GR-05

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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 the
Digitaizstion of the Energy Ecosystem
through odoption of foT solutions

Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?

Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

What specific interface(s)/service(s)
does your platform provide?

Co-funded by
the European Union

Fully provided/used

See FIGURE 21

Platform position is visible in the architecture in
FIGURE 21

EDGE, CLOUD

Yes

Not yet visible, architecture with data space
connector is still to be defined
Other: No preference

No preference, a stable implementation is needed
as we are dealing with consumers' consumption
data

Behind meter, Aggregator

No

MODBUS, MQTT
JSON, CSV, RDF

Proprietary

Uls (mobile app and desktop/web) for end users
(residential and aggregator), backend interfaces
for system monitoring, docker components for
analytics, data pipelines for monitoring and
provisioning

This project has received funding from the European Union's Horizon Europe research and innovation programme under the Grant Agreement number 101136216.
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
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What additional tooling/wizards does n/a
your platform currently provide?

Do you plan to extend the platform with  Yes
additional tooling/interfaces/services

during the project?

| Holistic Approoch

towards Empowerment of the
= Digitalization of the Energy Ecosystem
thraugh odoption of loT solutions

TABLE 13. SURVEY RESPONSE FOR THE HOME MANAGEMENT SYSTEM
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FIGURE 21. ARCHITECTURE FIGURE FOR HOME MANAGEMENT SYSTEM
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Halistic Approoch
towords Empowerment of
Digitaiization of the Ener

9.12 AI-LIBRARY FOR ENERGY APPLICATIONS

Question
What is the name of the platform?
What is the purpose of the platform?

What is the description of the platform
(max. 200 words)?

Which partner/vendor provides the
platform?
Where did the platform originate?

Is your platform open source?

What is the license of the platform?
Comments about the license (optional)
Who owns the IP (if registered)?

What is the current TRL (=Technology
Readiness Level) of the platform?

Is the platform used in B2B or B2C?

If B2C, do you comply with the GDPR or
relevant regulation for user privacy
protection?

Does the platform use an Al (Artificial
Intelligence) component?

Is the platform compliant with the
European Al Act?

Please explain your answer about
whether your platform is compliant with
the Al Act?

Which artificial intelligence technique
does your platform use?

Please elaborate on which Al technique
you use and on which problem you
apply it.

In which pilot(s) will the platform be
used?

Co-funded by
the European Union

Answer
Al-library for energy applications
To develop, test and validate energy analytics
applications
As part of numerous EU-funded projects, ICCS Al-
based models and tools for smart building
management and flexibility modelling algorithms
has been developed by ICCS. Services such as
demand and production forecasting, optimisation
techniques in buildings, grids, energy
communities, flexibility scenarios and
assessment, building energy efficiency have been
tested and validated both operationally and
scientifically. The platform is an internal tool that
is used to further test and deploy energy
applications, as part of ICCS research activities.
ICCS

Internal development (part of MATRYCS, BD4NRG,
I-NERGY, DEDALUS, DIGIBUILD, BUILD-ON,
ENERSHARE projects)

No

MIT License (https://opensource.org/license/mit)

ICCS (not registered)

TRL 6 Technology demonstrated in relevant
environment

B2B (Business to business), B2C (Business to
consumer)

Yes

Yes
Other: Under review

Ongoing review and developments to comply
with necessary regulation

Machine learning, such as regression analysis,
neural networks

Machine Learning, Deep Learning, Federated
Learning, Heuristics, Optimization techniques.
Energy applications across the energy value chain
Greece
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Concerning use cases, in which of your
pilots BUCs and SUCs is your platform
used? Please use the BUC/SUC naming
convention, like BUC-NL-01

Is the platform being fully
provided/used in the pilot or only parts?
In case only partially provided/used,
please elaborate

What is the architecture of the pilot
where your platform will be used? (only
main building blocks/components)
Where in the pilot architecture is your
platform positioned?

Where will the platform be deployed?
Do you plan to have a Data Space
Connector in your platform?

If you do NOT plan to have a Data
Space Connector in your platform,
please motivate your choice

Where in the pilot picture is/are your
data space connector(s) positioned?
Do you have a preference for a specific
data space connector?

Please explain your answer on your
preference on the data space
connector

In which part of the electricity/energy
chain does the platform operate?

Does the platform have or do you
consider adding support for semantic
interoperability?

Where in the previously uploaded pilot
picture is the platform using Semantic
Interoperability?

What semantic models/ontologies does
the platform use?

If other, please provide a short
description and a link to the semantic
model/ontology used by your platform
What protocols does the platform use?
What data formats does the platform
use?

What data models does the platform
use?

Please provide any additional remarks
on your protocols, data formats and
data models, if needed

Co-funded by
the European Union

| Holistic Approoch
towards Empowerment of
=

 the
Digitaizstion of the Energy Ecosystem
through odoption of foT solutions

SUC-GR-01, SUC-GR-02, SUC-GR-03, SUC-GR-
04, SUC-GR-05

Partially provided/used

Pending of the specific Use Cases

See FIGURE 22

Platform position is visible in the architecture in
FIGURE 22

EDGE, CLOUD

No

The platform does not require a Data Space
Connector in its operation

Behind meter, On meter, After meter, Local grid,
Aggregator, Distribution System Operator (DSO),
micro DSO, Transmission System Operator (TSO)
No

REST
JSON, CSV

Proprietary
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What specific interface(s)/service(s) Developer interfaces for model development
does your platform provide?
What additional tooling/wizards does n/a

your platform currently provide?

Do you plan to extend the platform with  Yes
additional tooling/interfaces/services

during the project?

TABLE T4. SURVEY RESPONSE FOR THE Al-LIBRARY FOR ENERGY APPLICATIONS

Edge and Cloud based services

Mi—l’fi‘

User Interfaces
p Q Forecasting Flexibility Management

Federated Learning

- = T

~— BB / BE = t

Edgelevel - - = |

Load management Energy Disaggregation

Al-library for flexibility services

FIGURE 22. ARCHITECTURE FIGURE FOR Al-LIBRARY FOR ENERGY APPLICATIONS
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