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Executive summary

The EU Strategy for Data acknowledges that Data Spaces should be interconnected
andinteroperable. Although data sharing and exchange within specific domains and
sectors is already happening in existing initiatives, each of these initiatives follows
its own approach, and therefore they are not always interoperable.

Creating the basis for the Energy Data Spaces primarily is not so much a
technological challenge, as there are plenty of technical solutions and standards
available. The main challenge hence is to move towards an Energy Data Space which
offers: (i) Full intra-Data Space interoperability for cross-sector data sharing
across energy sectors (electricity, heat, etc.) and with other energy (es.
buildings/homes) and non-energy data hubs (es. EO-based observation, weather
data, energy efficient financial risks); (i) Multiple use inter-data space
interoperability for cross-domain data space data sharing, exchange, and reuse.
The horizontal focus on the use of standards and interoperability will make it
possible to scale up the European Energy Data Spaces and facilitate the single
market for energy data.

This deliverable, which is the second of a series of 3 (alpha, beta and final version),
will present the intermediary results of the workin WP3, whose focus is on the design
and development of the intra-energy and cross-sector Data Space interoperability
building blocks, concretely: i) semantic data models (ontologies) specific for the
energy sector and for other synergic cross domain sectors, ii) data exchange APIs
that guarantee the interoperability of energy centred data driven services.
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T Introduction

1.1 About the project

The overall vision of ENERSHARE is to develop and demonstrate a European Common
Energy Data Space which will deploy an ‘intra-energy’ and ‘cross-sector’
interoperable and trusted Energy Data Ecosystem. Private consumers, business
(energy and non-energy) stakeholders and regulated operators will be able to
access, share and reuse, based upon voluntary agreements (or legal obligations
where such obligations are in force): (a) Large sources of currently fragmented and
disperseddata; (b) Data-driven cross-value chain (energy and non-energy) services
and Digital Twins for various purposes.

1.2 About thisdocument

This deliverable, which is the second of a series of 3 (alpha, beta and final version),
presents the intermediary results of the work in WP3, whose focus is on the design
and development of the intra-energy and cross-sector Data Space interoperability
building blocks, concretely: i) semantic data models (ontologies) specific for the
energy sector and broaden with others for other synergic cross domain sectors, ii)
data exchange APIs that guarantee the interoperability of energy centred data
driven services defined in WPE.

This document aims to be self-contained when presenting the intermediary results.
For thisreason, the deliverable contains updated information of sectionsinD3.1, plus
extra sections with the new results of this beta version.

D3.1 also provided an analysis of how four EU projects and initiatives (i.e,
PLATOONI[1], BD4NRG[2], Interconnect[3] and OneNet[4]) have addressed the
challenges of semantic interoperability in the energy domain, and how their results
could be used and enhanced in the ENERSHARE project. Here, in D3.2, we present a
summary of how some of the results from PLATOON (i.e., methodology and ontology)
and BD4NRG (i.e., Vocabulary Hub) are being used in ENERSHARE's beta version.
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In more detail, this report provides a comprehensive overview of the methodology
employed to establish the semantic data model, which addresses the requirements
of 12 use cases across seven pilots. Although the first two steps were finalised for
most use cases in the alpha version, the information is kept in this deliverable to
ensure completeness and facilitate its comprehension to the user. In the final
deliverable D3.3, we will only include the final version of the ontology and diagrams
and we will refer to D3.2 for the methodology.

Additionally, the document outlines the architecture and scope of the building
blocks designed to facilitate data exchange and semantic interoperability in both
one-to-one and one-to-many data exchange communications. This architecture is
part of ENERSHARE's Data Space Reference Architecture defined in WP2 D2.5.

Finally, the deliverable describes the list of software components conforming the
peta version.

1.5 Intended audience

The intended audience for this deliverable is two-fold. On the one hand, all involved
stakeholders of the project, the technical work packages and especially the partners
developing connectors and services in the different use cases. On the other hand,
any external partner to the project that would like to be part of the European
Common Energy Data Space which will deploy an ‘intra-energy’ and ‘cross-sector’
interoperable and trusted Energy Data Ecosystem.

1.4 Reading recommendations

Thisdocumentis divided into 6 chapters and 2 appendixes.

e Chapter Tis thisintroduction and an overview of the updates from the alpha
version to the beta version.

e Chapter 2 describes the architecture and the scope of the main functional
components for data interoperability which have been identified in WP3.

e Chapter 3explainsthe steps of the methodology used to define the semantic
datamodel, aswell as the status of development of the ENERSHARE ontology
to cover the specific needs of the twelve use cases.
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e Chapter 4 addresses the list of software components that make up the Beta
version.

e Chapter 5 presents some conclusions and the future work planned for the
final version.

e Chapter 6 includesthe list of references.

e Finally, appendices 7 and 8 provide examples of the diagrams developed from
step 3 of the methodology and examples for the data transformation and
compliance services.

1.5 Overview of the updatesin beta version

In this chapter, an overview of the work progress performed in this beta version is
presented.

1.5.1 Methodology and data model updates

As mentioned in the deliverable D3.1, to create the semantic data model for the
ENERSHARE project, we followed the methodology proposed and applied in the
PLATOON project. In the deliverable D3.1, we provided an overview of the
methodology used in the PLATOON project and presented the progress of all
ENERSHARE project pilots for the initial two steps of this methodology. In deliverable
D3.2, we provide additional updates on the steps. Firstly, section 3.1 outlines the
methodology based on the PLATOON background, providing some updates. Section
3.2 reminds the identified topics of the different pilots. Section 3.3 showcases the
overall progress of all pilots, detailing adjustments made to the methodology and
providing more information on the initial two steps from the previous deliverable.
Section 3.4 outlines the upcoming steps. Finally, the appendix 7 includes diagrams
for each pilot created during this second phase, offering a clear view of the progress.

1.5.2 Vocabulary Hub updates

TheVocabulary Hub anditsaccompanying wizard component were introducedinthe
ENERSHARE deliverable D3.1 alpha release. They have undergone further
development and have two new features developed for the Beta release iteration.

Thisupdate enables data providers to leverage JSON Schema to accurately describe
and structure their data sources. This improves interoperability because some
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common vocabularies such as Smart Data Models are published as JSON Schema.
Additionally, the wizard now offers the capability to generate a data model directly
from adatasample. Thisfeature allows providersto usereal dataexamples asabasis
for defining a data model that includes terms and their definitions, thereby
specifying the dataset’'s vocabulary use in a lightweight manner. Together, these
improvements aim to enhance semantic interoperability and data reusability within
the decentralized data spaces.

1.5.3 Data exchange updates (Open APIs, Data Transformation and
Compliance)

This beta version includes a description of how the Open APIs are being defined for
the pilot use cases. A new approach for data exchange interoperability, based on
data transformations, is proposed. This approachis also suitable for low latency and
big volumes of data exchange. Two new services have beenimplemented: the data
transformation service and the compliance service. Examples of mapping rules and
shapes files are also included.

Besides, anew section hasbeenincluded explaining the compatibility of ENERSHARE
with [EC standards to exchange information in the electricity domain, i.e., IEC 61850-
7-2and [EC 61968-100.

1.5.4 Context broker updates (FIWARE/ENG)

The NGSI-LD 1.7.1 specification [5], the specification basis for the context brokers,
wasreleased in June 2023, five months earlier than this document has been written,
therefore software implementations are in the process of being created, tested,
released, and integrated into solutions like the Data Mashup. Consequently, the
context brokersimplementations available (Orion-LD, Scorpio and Stellio) are based
on NGSI-LD 1.6.1 specifications which their last updates are:

- Extended functionalities for the registration (registration refers to the
process of allowing some or all data within an entity to be provided by an
external context provider).

- New functionalities for the updating of information in existing entities stored
In the context broker.
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- Improvements when inserting, updating, and deleting entities in batch mode
(massive processing of entities).

- Improvements on the distributed operation when brokers' instances are
working as a federation. Federation means that context brokers can retrieve
information from other federated instances.

1.5.5 DataMashup updates

In the latest developments, we have introduced the capability to define custom
operators for encapsulating reusable JavaScript logic across diverse mashups. This
functionality not only allows for the customization of operators to meet specific
requirements but also presents extensive integration opportunities for logic
pertaining to the energy domain. These custom operators could also be used to
define operations on data to control data quality.

Furthermore, it has begun the incorporation of Custom Data Mappers that will
introduce heightened flexibility by enabling the creation of bespoke mapping
operators derived from the URL of a JSON schema. These operators yield outputsin
varied formats, including NGSI-LD, NGSI v2, or standard JSON.

Additionally, the integration of a caching system stands out as a performance
enhancement, facilitating expedited execution and preview processes. This
technical refinement ensures a more streamlined and efficient workflow,
contributing to an optimized development and testing environment.
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2 In-depth architecture of the
semantic iNnteroperability
building blocks

As explained in deliverable D2.3 "Description of Reference Architecture for the
European Energy Data Space’, the main objective of ENERSHARE WP3 is the
development of the necessary building blocks to facilitate data interoperability, so
that data can flow seamlessly between parties and domains. More in detail, WP3 will
provide two types of building blocks:

e DataModelsandFormats (i.e., common formats) for model specificationsand
representation of data in data exchange payloads.

e Data Exchange APIs for facilitating the sharing and exchange of data, i.e.,
provisioning and consumption of data, between the data space participants.

2.1 Architecture

Figure 1 depicts the main functional components for data interoperability, which
have been identified in WP3. In this beta version, a new service has been included,
l.e., the Compliance Service, to check the compliance between semantic data
models.

Figure 2 shows the internal and external relationships between the componentsin
WP3 and with other components in ENERSHARE. The datasets published in the
Metadata broker developed in WP5 are linked to the Vocabulary Hub through the
DCAT-AP property “conforms to’. The Vocabulary Hub stores the Open Energy
Ontology and provides a wizard and editor to create Open APIs. These Open APIs
define how to formalize the data to be exchanged in the payload of the messages
transferred between data providers and consumers using IDS connectors of through
the Context Broker. The Data Mashup editor allows defining the pipelines that need
to be executed to transform the data according to the Open APIs. These pipelines
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are executed by the connector or by the client that published data to the Context

Broker.
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Figure 1: Functional components for data interoperability
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Figure 2: Internal and external relationships of WP3 components.

2.2 DataModels and Formats

The purpose of the building blocks under this category is two-fold. On the one hand,
to provide a semantic model to represent the energy domain that will allow to
unambiguously interpret all the concepts and the data exchanged in the
ENERSHARE pilots. On the other hand, to provide the mechanisms or tools to query,
interact with and foster the adoption of these semantic models.

The Open Energy Ontology (OEO) is the set of interconnected ontologies that are
being developed to semantically model the energy data landscape (renewables,
energy communities, flexibility and electromobility). Section 3 explains the
methodology thatis being followed to define the OEO ontology and the status of the
model.

The tool to query and interact with data models will offer two functionalities:

e A Vocabulary Hub or web-based vocabulary registry where all project
stakeholders can find the data vocabularies relevant to the project. This
includes both standard vocabularies (i.e., ontologies like OEO but also others
like Smart Data Models) and non-standard vocabularies (i.e. data models
specifically for a certain pilot use case).
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e A Visualization Portal or web-based GUI for the interactive visualization of
ontologies. The user will be able to interact with the ontologies, check the
available properties and metadata information, and make queries on the
model through a SPARQL endpoint.

2.5 Data Exchange APIs for the sharing and exchange of data

In an energy dataspace such as ENERSHARE, it is possible to exchange different
types of data such as:

e Regulateddata (e.g., power grid asset descriptions) that TSOs and DSOs can
provide very cautiously,

e Personal data (e.g., customers' power consumption time series) whose
exchanges need prior customers’ consents or must be anonymized or
aggregated,

e Commercially sensitive data (e.g., tariffs) which are strategic data for energy
suppliers,

e Sensormeasurementsdataor forecasted datawhich canonly be used by one
application or for a certain time period.

Some of these data, due to their nature, must receive special treatments to ensure
their confidentiality and to cope with the restrictions, before being transferred.

"Usage controlis about the specification and enforcement of restrictions regulating
what must (not) happen to data. Thus, usage control is concerned with
requirements that pertain to data processing (obligations), rather than data access
(provisions)” [13] IDS defines 21 policy classes. For example, data usage can be
restricted to a specific Data Consumer, to a specific connector or to a specific
application; toaspecificlocation; to aspecific “purpose” such as marketing purpose,
research purpose, enershare-project; to a “time-interval” restricting the data usage
to a specified time interval defined in the contract; the "data anonymization” policy
demands to anonymize data before the data is used, applying Privacy Enhancing
Technologies (PETs), etc.

These usage control policies are out of the scope of WP3 and are being addressed in
WP4. WP3 deals with the data exchange APIs to use in the data transfer once
these usage control policies have been met.
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Two alternatives are considered for data exchanging between services: one-to-one
and one-to-many.

In the first case (one-to-one), secure and trusted data exchange is guaranteed
between provider and consumer using IDS connectors. Using IDS connectors, the
consumer can access or exploit both last-value data and historical data. From the
different implementations of data connectors listed in the Data Connector Report
[14], the TRUE Connector [15] and the TNO Security Gateway (TSG) [16] are being
considered to be used in ENERSHARE pilots. Currently, these connectors are not
interoperable among them. However, the Dataspace Protocol Specification,
currently inversion 0.8 and based on W3C standards, is defining the convergence to
a common framework for data spaces which guarantees intra and inter data space
interoperability.

For one-to-many data exchange, a publish/subscribe paradigm using the Context
Broker is proposed. The Context Broker is recommended for sharing right-time data
(i.e., near real-time data) among multiple organizations. Its main functions are the
context management and the context availability management. Context
information refers to the values of attributes characterizing entities relevant to the
application. Using this mechanism, a provider can publish data to which several
consumers can subscribe. As new data is published, consumers receive a
notification of the context updates.

Besides, a set of interoperability services and tools will be provided to facilitate
data exchange including data transformations, semantic mappings between data
models, compliance of data models, the generation of Open APIs and a data mashup
editor to combine data from different data sources. Section 4 contains a detailed
description of these services and tools.

2.4 Data Exchange Interoperability

As stated in the DSSC Blueprint version 0.5 [17], the data exchange interoperability
deals with the capabilities needed for smooth data sharing, interpretation, and
integration between participants in a data space. These mechanisms should allow
data space participant A to exchange data with data space participant Bin any of the
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following scenarios: A gets access to data owned by B; B gets access to data owned
by A; both get mutual access to their data.

Data exchange interoperability occurs at two levels: technical interoperability and
semantic interoperability.

Technical interoperability defines a common protocol (i.e., syntax) to exchange
the data. Common standardized protocols are e.g., HTTP(S), REST or NGSI-LD. In the
case of data spaces, data exchange occurs by means of connectors. With the
explosion of data spaces, the number of connectors started growing. However,
these connectors were not interoperable and could not work together. For this
reason, the Dataspace Protocol [18] has emerged as the common specification and
future standard, at technical level, to guarantee interoperability among connectors

In a data space. The protocol covers the principles of data sovereignty, trust and
data governance.

In [19] it is also mentioned that “ there are two interoperability models: intra-data
space, which s the interoperability of different connectors from different
participants within the setting of one aata space, and inter-aata space, which is the
interoperability between aata spaces. The latter absolutely requires the connector
protocol-based element of interoperability. If a participant needs interoperability
between two aata spaces, it means that the participant must actually participate in
two cata spaces. This would get extremely complicated if there were different
protocols, connectors, and architectures in those aata spaces”.

At implementation level, the Data Space Protocol distinguishes between a control
plane and a data plane. The control plane is responsible for deciding how data is
managed, routed, and processed, whereas the data plane is responsible for the
actual moving and transmission of data. In this control plane any standard
communication protocol can be used. This way, different performance of data
exchanges can be supported depending on several criteria:

e Realtime constraint (e.g., for power grid monitoring),

e Low latency for the exchanges of huge amounts of data (e.g., power grid
descriptions or bunch of power consumption time series),

e Supported granularity of data exchanges (e.g., neighborhood-wide or
continental-wide).
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Considering the aforementioned, the connectors to be used in the Energy Data
Space should follow the Data Space Protocol specifications.

The second level of interoperability or semantic interoperability is about the
correct and unambiguous interpretation and understanding of data. In this sense, a
common vocabulary is needed. However, in practice, there is not a unique semantic
model that covers all the concepts and relationships in a domain. In fact, a concept
may be found in multiple ontologies and strategies like mappings between
equivalent conceptsis needed to ensure interoperability. This can be costly interms
of effortand time.

Another challenge to be addressed is the fact that two data spaces may be
compliant with different semantic data models. So, how can the same connector
be interoperable at the same time with connectors from the data space A and
with connectors from the data space B? In ENERSHARE we propose an architecture
pased on a data transformation service.

Three use cases need to be covered:

1. The data exchanged is formalized according to the common semantic data
model defined by the data space.

2. The data at origin needs to be transformed to a common semantic model
before the datais provided by the connector.

3. Thedataatreception needs to be transformed by the data consumer in order
to be understandable in the common semantic data model defined by the
data space.

2.4.1 Data exchange without transformations (for services developed
from scratch)

When developing two connectors from scratch that operate in just one data space,
itispossible to agree onacommon semantic data model to exchange information. In
this case, there is no need for data transformations as both the provider and the
consumer share the same vocabulary.
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A and B use the same data model

Connector A Connector B

Request data

Return data (data modelled
according to data space ontology)

Figure 3: Data exchange between connectors without transformations

2.4.2 Datatransformations at the provider (for services in production)

In real-life situations, connectors are not developed from scratch but on top of
already existing and well tested services that are deployed in production. These
services cannot be redesigned. In these situations, connectors need to transform
the data coming from these services into the common data model understood in the
data space, before providing the data to the consumer.

The data transformation service will take as input the data to be transformed plus a
template in a standard language (such as RML or XSLT) that defines the
transformations to be applied. The output of the data transformation service will be
the same information but formatted according to the common data model
understood by the data consumers in the data space.

This way the same connector could be interoperable with different data spaces, by
just transforming the data according to the appropriate template, depending on the
data space where the data is exchanged. Hence, the service in production will not
need to be modified.
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Transformation before data transmission

Data Transformation
Connector A Senice Connector B

Request data

L |
=
Transform data (output modelled

according to proprietary data model +
transformation template)

[
H

Return data modelled according

to data space ontology
~
-

Return data {output modelled
according to data space ontology)

Figure 4: Data transformations at the provider before transmission.

2.4.3 Datatransformationsat the consumer (forlow latency or bigvolume
data exchange)

There are cases in which there is a need to exchange big volumes of data, e.g., when
requesting datasets for machine learning algorithms or even cases when latency is
critical as data is exchanged in periods of milliseconds or nanoseconds. In such
situations, semantic data serializations such as JSON-LD or RDF can be too
heavyweight. In these cases, it may be a better option to use a very lightweight data
format and to transform the data at reception in the consumer side.

Once the consumer receives the data, it can check the provider's self-description at
the metadata broker. This self-description will contain a link to the data model that
Is being used and/or a link to the transformation template to be used to transform
the information into the common data model of the data space. This way, the
consumer will be able to understand the data received independently of the data
format used for its transmission.
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Transformation at data reception

Data Transformation
Connector A Semice Connector B Metadata Broker

Request data

Rietum data (output modelled
according to proprietary data model)

Get self description (including
transformation template)

Return self-description +
transformation template

Transform data (returned data +
transformation template)

Get data modelled according to data
space ontology

Figure 5: Data transformations at the consumer once the data isreceived.

2.5 Data Exchange message flow in  one-to-one
communications

As explained in section 2.3, secure and trusted data exchange in one-to-one
communications is guaranteed between provider and consumer using IDS
connectors. IDS connectors need to deal with both the control plane and the data
plane.

One of the goals of WP3 is to define the data exchange APIs of the data plane. When
two parties exchange data, one of them plays the role of Data Provider (by making
the data technically available for being transmitted) and the other plays the role of
Data Consumer (by receiving the data from a Data Provider).

Considering the services that are being defined in task 6.2 and task 6.3 and the
needs of each of the pilots, there will be two possible ways to exchange data:
synchronously orasynchronously.Inthe first case, the consumer requests data to
the provider and receives an answer immediately. In the second case, the provider
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needs some time to prepare the response data (e.g., some machine or deep learning
algoritnms need to be executed which might take minutes or even hours). Once the
dataisready, the provider will notify the consumer.

The previous deliverable D3.1 provided a detailed description of the IDS Messages to
be used, the datato be provided in the body of the messages and their orchestration
for both synchronous and asynchronous scenarios. However, these diagrams will
need to be reviewed once the first version of the Data Space Protocol is released.

2.6 DataExchange inthe electricity domain

IEC standards to exchange information in the electricity domain are IEC 61850-7-
2[6] and IEC 61968-10017].

2.6.1 I[EC61850-7-2

IEC 61850-7-2:2010 applies to the ACSI (Abstract Communication Service Interface)
communication for utility automation. The ACSI provides the following abstract
communication service interfaces:

e abstractinterface describingcommunicationsbetween aclientandaremote
server (normal operation, two-party-application-association (TPAA) class
model);

e and abstract interface for fast and reliable system-wide event distribution
between an application in one device and many remote applications in
different devices (publisher/sub-scriber) and for transmission of sampled
measured values (publisher/subscriber) (multicast-application-association
(MCAA) class model).

The ACSI for use in the utility application domain requires real-time cooperation of
intelligent electronic devices (IED). In this sense, time management is very
important, and it must be ensured that all clocks are synchronized. IEC 61850-7-2
defines a time and time-synchronization model where timestamps are formatted in
UTC Format (epoch 1970-01-01 Unix time).

The UTC Format contains a date and a time, separated by the letter "T". The format
for the date contains a four-digit year, a 2-digit month, and a 2-digit day, separated
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by hyphens (yyyy-MM-dd). The format for the time contains 2-digits for the hour,
pased on a 24-hour clock, followed by two digits for minutes, and two digits for
seconds, separated by colons (HH:mm:ss). The final character in the format
designates the time zone, where Z is "zero-time", or Greenwich Mean Time. Times
should be expressed with the UTC designator 'Z'. It should not be expressed using a
timezone offset. An example of date/time will look like this: 2023-11-12T13:14:15Z.

IEC 61850-7-2 mainly deals with the data exchanges between IEDs and the systems
that collect data from them or send orders to them, in the purpose of operating
power grids. These data exchanges are at alower level than those considered in the
ENERSHARE project use cases and that involve different stakeholders (e.g.,
electricity DSOs, electricity TSOs, aggregators, EV fleet operators) in the context of
energy data spaces. However, the ENERSHARE building blocks and the Data Space
Protocol are compatible with the IEC 61850-7-2 principles, in particular the client-
server patterns and the time synchronization. All timestamps exchanged in
ENERSHARE will use the UTC Format (epoch 1970-01-01 Unix time).

2.6.2 IEC©61968-100

IEC ©61968-100:2022 defines how messages may be exchanged between
cooperating systems in order to facilitate the transfer of application-specific data.
Such application-specific data include but are not limited to the message payloads
defined in IEC 61968 (Parts 3 to 9 and Part 13), IEC 61970 and IEC 62325"[7].

IEC 61968 (electricity distribution) is one the IEC standards defining the CIM
(Common Information Model) along with IEC 61970 (electricity transmission) and IEC
62325 (electricity markets).

IEC 61968-100 mainly recommends the use of XML or JSON documents and services
over SOAP, Java Message Service or REST protocols. It also recommends that these
XML documents comply with XSD files and supports the use of XML RDF.

As a conseqguence, the ENERSHARE building blocks comply with IEC 61968-100
standard, as all the ENERSHARE data exchanges rely on XML RDF files (or equivalent
serializations like JSON-LD) that comply with ontologies. Besides, the ENERSHARE
data model complies with the IEC CIM semantics using the Smart Data Model defined
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at https://github.com/smart-data-models/dataModel.EnergyCIM.  Other data
formats could also be used thanks to the Data Transformation Service utility.

5 Methodology and advances for
the ENERSHARE data model

3.1 Backgroundbased on PLATOON project

As explained in deliverable D3.1, the methodology and ontologies defined in the
PLATOON EU project are being reused to design the semantic data model for the
ENERSHARE project.

PLATOON Semantic Data Model covers 7 Pilots and 19 use cases in the Energy
domain. Therefore, ENERSHARE Semantic Data Model isreusing, whenever possible,
this model and extending it with new concepts and properties to cover extra needs
of the ENERSHARE pilots. As an example, PLATOON and ENERSHARE use cases
overlap in domains such as the wind turbine domain, the energy consumption and
production, weather, meter, etc.

In addition, ENERSHARE is applying PLATOON's methodology (see Figure 6) to design
and create the ENERSHARE semantic data models. However, for the ENERSHARE
project, some adjustment in the two last steps of the methodology was brought to
reflect the real process and clarify each step. The main steps of this methodology
are (seeFigure7):

1) Ontology requirements specification: it aims to analyse each use case to:
(i) assess and define the scope of the ontology according to the application
domain, (ii) extract the relevant terms that need to model the use case
(concepts and relationships), and (iii) specify a list of natural language
qguestions that the ontology should answer to.
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2) Ontology analysis: the goal of this step is to reuse well-known ontologies or
to design new ontological modules by respecting the practices for ontology
design patterns.

3) Design ontological Diagrams for each pilot: it targets a consolidation of all
conceptual modules together and providing an example for each pilot.
Interaction with stakeholders is maintained during all the designing process.

4) Harmonization & Formalization: the purpose of this step isto: (i) harmonize
the diagrams of the different pilots, and (ii) formalize all ontological modules
by using an ontology editor and a standard language and integrate all
modules into an ontology system.

PLATOON pilot Use Cases Repository

Inventory of
existing Semantic
Data Models
Q-FA.Ea-EA.ER.
N Specification nalysis Modules = Eip:rt:rs ormalization

Figure 6: Overview of PLATOON Semantic Data Models methodology

S—

—

Data extract if
Inventory of i .
Existing Semantic
Dau Models
Design Interactions Harmenization
» ontological stakeholders &
Diagrams [experts Formalization

S~~~

Figure 7: Overview of Semantic Data Models methodology in ENERSHARE
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5.2 Overview of main pilots’ topics

In ENERSHARE project, seven pilots with twelve use cases are involved. Each pilot

can have its specific needs and use cases covering overlapping topics.

Indeed, these pilots share several common notions in different domains. For these
use cases design to be harmonized, we need to determine the overlapping concepts

that are similar in meaning and are unique to each of the use cases. This step is
important in our process to create harmonized semantic data models that include
the information of all the use cases.

From the analysis of these pilots, we have roughly identified several topics (see
Figure 8):

*
£ *

*
*og K

Topic 1 (yellow circle) concerns the renewable energy domain (wind turbine,
wind farm, hydraulic pitch system, PV system, PV modules, etc.). This topic is
foundinseveral ENERSHARE use cases of pilots such aspilot 1, pilot 7 and pilot
3.

Topic 2 (green circle) concerns the flexibility domain (behaviour for flexibility,
flexibility of EV, flexibility of end-users, etc.). We identified in this topic, the
different use cases of pilot 5 (use cases ba, 5b and 5¢), the use cases of pilot
2(use cases 2a, 2b), the use case of pilot 3 and pilot 6.

Topic 3 (blue circle) concerns the building, its energy consumption, and
appliances. The use cases 2c and 2d of the pilot 2 are associated to this topic.
Topic 4 (orange circle) concerns the energy community (energy community,
community size, community type, etc.). This topic is related to the use case
2b of the pilot 2 and the use case 5a of the pilot 5.

Topic 5 (purple circle) concerns the grid domain, and it is related to these use
cases2a, 3and 4.

Topic 6 (grey circle) concerns common notions that will be shared by the
different use cases such as sensors, weather, forecast, etc.
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Figure 8: Overview of main topics

Theuse cases of pilots 3and 5 are found in several topics such as renewable energy,
the flexibility domain, the energy community, and the grid domain.

In the next section, we present the progress status of the different pilots to apply
the methodology to create the semantic data models. We also show some examples
of the application of the proposed semantic data models methodology.

3.3 Proposed methodology application

The goal of this section is to describe the application of the proposed methodology
for all the use cases of the presented pilotsin the ENERSHARE project. We defined a
common template document that was provided to the different partners to easily
define the scope of the domain ontology and exchange with stakeholders.

Different meetings with stakeholders and T3.1 participants were held to follow the
steps of the methodology.
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In this second period, the current progress status of the pilot use casesis as shown
inTable 1.
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Table 1. Progress Status of ENERSHARE use cases.
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To assess the progress made during the second period of the task 3.1, the status is
evaluated against some metrics that give a global view of the progress of all use
cases (see Table1).

Obviously, the step 1and the step 2 are achieved for all use case. The progress of the
step 3isrepresentedinthe Table 1. The step 4 isin their first phases.

Figure 9, represents the methodology followed to create the semantic data model of
the ENERSHARE project. We can notice that, compared to PLATOON methodology,
some adjustments are made in step 4 of the figure to reflect the real application of
the methodology in the ENERSHARE Project.

4 step1 )

Use the existing
Concepts/Relationships CaonceptsRelationships

2
Design ontological Diagrams for each Pilot

3. Alignement of axisting
ontologies & models

Figure 9: Steps of design methodology
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In the following section, we describe the application of the methodology for each

step.

3.3.1

Application of Step 1 - Ontology Requirements Specification

Prior to starting the ontology design process, itis crucial to initiate an analysis of the
requirements and specifications that are anticipated for the ontology or semantic
data model. This initial step, denoted as "step 1," encompasses various significant
tasks aimed at fulfilling the ontology's requisites. The specific details of these tasks

are outlined below.

a)

*
£ *

*
*og K

Use Case Analysis: begins with a comprehensive examination of the
requirements, specifically the use case (UC). In ENERSHARE project, every
use case was documented across IEC-62559 template that offered an
extensive description of each Use Case associated with individual pilots. Ina
second time, some extract of data could be provided to complete this
analysing phase.

Ontology scope definition: the scope of the ontology is a critical step in
achieving a modular ontology design. Given that use cases frequently span
multiple domains because we cannot define everything in the world, an
ontology should have a limited scope which can facilitate its definition and
sharing. Thus, delimiting the scope becomes essential. This task involves
clearly outlining the ontology's scope aligned with the application domain. For
instance, a limitation in scope might focus specifically on areas like Building
Energy Efficiency and Heating/Cooling Systems. This focused scope aids in
defining and sharing the ontology effectively.

Competency guestions definition: Competency questions are natural
language inquiries posed by domain experts, and they represent the
information that experts seek from the ontology. To create a comprehensive
list of competency questions, collaboration between the knowledge
engineer and the group of domain experts is essential. These questions are
formulated by asking domain expertstoarticulate the specific questionsthey
anticipate the ontology system will be capable of addressing once it is fully
implemented and operational. This compilation of competency questions
serves not only as a guide for ontology development but also as a valuable
tool for evaluating the final ontology's effectiveness.
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d) Term elicitation: the term elicitation process involves the knowledge

experts carefully examining the IEC-62559 documents for each use case.
During this analysis, they identify and extract all terms or concepts that hold
significance within a particular domain. Additionally, they also scrutinize the
list of competency questions to extract key terms that are pertinent for
inclusionin the semantic model. Examples of such key terms may encompass
entities like sensors, buildings, energy consumption, and specific details
related to sensors such as their type and location. These key terms are
pivotal for constructing a comprehensive semantic model that accurately
represents the domain of interest.

To summarize, the output of this initial step (step 1) in ontology design comprises
three essential components:

A template document outlining the scope of the ontology, which defines its
poundaries and purpose.

A comprehensive list of competency questions, generated in collaboration
with domain experts, which serve as a guide for the ontology's information
retrieval capabilities.

A tabulated list of extracted relevant terms, which are identified through an
analysis of IEC-62559 documents and competency questions. These terms
are then subjected to validation by domain business experts to ensure their
relevance for inclusion in the semantic model. Domain experts also have the
option to supplement this list with additional terms to cover any concepts
that may have been omitted from the [EC-62553 documents.

The application of this step 1is concretely illustrated in the Table 2 that, shows an
example of a use case specification related to the pilot 1 "Wind farm integrated
predictive maintenance and supply chain optimization”. The use case aims to design
the wind turbine with all components, the maintenance, damages, and failures. After
discussing with business experts, several natural language questions are defined to
validate the semantic data model such as:

*
£ *

*
*og K

Whatis the kind of the wind turbine?
Whatis the location of the wind turbine?
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What is the typology of the turbine, in terms of speed?

What are the sensors related to a wind turbine, where are they located and
what do they measure?

What is the abnormal behaviour of the wind turbine and what are the failure
modes?

Which kind of maintenance was done on the wind turbine, in which
component, when it was done, by whom company’?
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STEP 1: Ontology Requirements Specification

Tasks

Description

Use Case Analysis

Services that allow to foster data driven innovation in the onshore
and offshore wind energy industry, along its value chain, to
maintain its competitive advantage and contribute to the
decarbonization of the economy.

Ontology scope

1) Reduce maintenance costs and increase the availability of
wind turbines:
a) ontology of maintenances: it could be taken as a basis
the following: Maintenance WG — IOF Website
(industrialontologies.org). It relates failures with

maintenance.
b) at least the 4 components to be analyzed (generator,
power converter, gearbox, hydraulic pitch system) should
include: maintenance last data, maintenance work,
maintenance cost, next scheduled maintenance data,
expected data, expected cost
2) Enhanced diagnostics of failure in the following wind turbine
subsystems: generator, gearbox, pitch system and power
converter:
a) wind turbine ontology with all components
b) Ontology to represents damages, failures and failures
modes related to wind turbine (it is related to 1a)

Competency questions

Some semantic model competency questions:

1. What is the kind of the wind turbine (onshore/offshore)?

2. What is the location of the wind turbine?

3. What is the typology of the turbine, in terms of speed?
Direct drive/geared.

4. What is the typology of the turbine, in terms of kind of
generator?  Double  feed  induction  generator
(F1G)/permanent magnet generator (PM)

5. What are the subsystems of the wind turbine?

Table 2. Example of use case specificationin T3.1

Inthis first step, alist of important terms is extracted. Arelevant term can be a list of
nounsand/or verbs. Anounrepresents a candidate conceptinthe ontology modules
andaverb is the relation between concepts. Thislist of terms should be validated or
not by the stakeholders in order to be considered in the semantic data model.
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Table 3 shows an example of the relevant extracted terms from the IEC template of
the pilot 1T use case. Different terms are detected such as wind turbine, wind farm,
generator, sensors, etc.

Wind farm terms
Wind farm

wind farm name

wind farm location

onshore wind farm

offshore wind farm
Wind Turbine terms
Wind Turbine

wind turbine id

wind turbine manufacturer

wind turbine model

wind turbine power production

wind turbine efficiency (of power production)
Type of existing sensors

Location of existing sensors

frequency sensor (kHz)

vibration (sensor value)
wind turbine nacelle temperature
wind turbine failures

pitch control
wind turbine SCADA System
wind turbine manufacturer

wind turbine manufacturer platform
wind turbine manufacturer mode!
wind turbine power production

electric generator

induction generator (generator type)

Doubly fed induction generator (generator type)
synchronous generator (generator type)

permanent magnet (PM) generator (generator type)

generator ma nufacturer

generator model
generator bearing

Table 3. Example of term elicitation for the use case of Pilot 1.

3.3.2 Application of Step 2 - Ontology Analysis

The step 2 is dedicated to establishing a foundation for the construction of the
semantic data model. It adheres to the principle of ontology domain, which

s Enershare hasreceived funding from European Union's Horizon Europe
* *
P Research and Innovation programme under the Grant Agreement No 101069831

45


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en

|=('| Enershare os:-enersiare interoperability building blocks - Beta version

emphasizes the advantageous practice of reusing existing ontologies before

starting on the creation of new ones. To achieve this, several tasks are defined, and
they are elaborated uponin the following detailed description (Figure 9).

a)

*
£ *

*
*og K

ldentification of conceptsandrelations: Thefirsttaskinstep 2involvesthe
identification of concepts and relationships. Thisis done by associating each
term or key notion from the list of extracted terms obtained during the
elicitationtaskinstep Twithaconceptname or relation name that will be used
iIn the semantic data model. For instance, the term "sensor® might be
associated with the concept "Sensor,” and "humidity sensor® might be
associated with the concept "HumiditySensor.” Thisprocessalignstermswith
their corresponding semantic representations in the model.

Reusing Ontology: The second aspect emphasizes the importance of
reusing existing ontologies before introducing new concepts. For each
concept identified in the previous task, an effort is made to search within
existing ontologies to determine if the concept is already defined. When a
conceptis found in multiple ontologies, the strategy is to propose a mapping
between these equivalent concepts to ensure interoperability. However, itis
essential to analyse the hierarchy of the concept to ensure that the
subsumption relation (is-a) is distinct from relationships like part-whole
(part-of), composition, or location. This distinction is crucial to maintain
semantic consistency and avoid confusion in the ontology.

Module Ontology Design: [t is common that the ontological module in the
domain exists and covers a part of the use case, but the concept doesn't
exist in these modules. In this case we need to create a new module and
extend the existing ontology with the new concept. Often, several concepts
that we need to represent for the use cases are missing in the domain’s
module, then the new created module includes several concepts.

In practice, for each extracted term in the previous step, we associate a
concept name (Concept column) or a relation name (Relation column) that
will be usedin the semantic data model. If the concept already existsinawell-
known ontology, we put the existing concept in the column "Reusing
Ontology” and if the concept exists in several ontologies, we put all the
concepts in the same cell to prepare the mapping between these concepts.
Otherwise, if the concept doesn't exist yetin other ontologies, we see for the
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concept that could be extended with our new concept and put it in the
“Extending ontology” column.

For example, in the Table 4, we have the term wind turbine. The concept
associated to this term is Wind7urbine. This concept exists in ontowind
(ontowind:WindTurbine) and in PLATOON (plt:WindTurbine) ontologies. In
this case, we can reuse existing ontologies for this concept. If we choose to
reuse the concept of PLATOON p/t:WindTurbine, in the mapping module, we
add the equivalence relationship between the two concepts
(plt:WindTurbine owl:equivalent ontowind:WindTurbine) tO maximise the
interoperability with systems that use the ontowind concept.

is-it considered in
Term the semantic data Concept Concept definition Relation Reusing Ontology Extending Ontology
model ? (YES/ND)
‘Wind farm terms
Wind farm YES WindFarm (wikipedia)A wind farm or wind park, lontowind:WindPowerPlant, plt:WindFarm
wind farm name VES sch:name, i [ontowind:0n Plant
lontowind:Onsh Plant
wind farm location VES Location where a group of turbines are  [gec-location (lat, leng, alt)
onshore wind farm VES lontowind:Of
offshore wind farm VES
‘Wind Turbine terms
Wind Turbine VES i i ine, plt:WindTurbine
wind turbine id VES [Term that identifies each wind turbine _|schiidentifier
wind turbine manufacturer YES ch It
wind turbine model YES schimodel
wind turbine power production YES PowerProperty Nominal power of a wind turbine. Units: {p Power i tric p
wind turbine efficiency (of power production) YES EfficiencyProperty i seas:EfficiencyProperty sarefProperty, seas:Property
Type of existing sensors ontowind:Anememeter,
YES " . |Ontowind
Location of existing sénsors YES Location sdbldg:isContainedin WG584 Geo Positioning RDF vocabulary i
frequency sensor (kHz) VES FrequencyProperty [seas:FrequencytProperty El
vibration (sensor value) VES VibrationProperty plt:VibrationProperty
wind turbine nacelle temperature YES TemperatureProperty ] roperty, sar
wind turbine failures VES Failure [cim:FailureEvent ‘
YES indTurbineContraller wind turbine control software designed to maximize production sdbld:Controller (but it is building controller than not windturhine controller.)
pitch contral YES PitchCantrol plt-PitchControl
wind turbine SCADA System NO minutes intervals.
wind turbine manufacturer YES
wind turbine manufacturer platform VES
wind turbine manufacturer model YES sch:maodel
wind turbine power production VES ElectricEnergyProductionProperty plt:ElectricEnergyProductionProperty
electric generator YES Generator that transform mechanical power into electrical power |OntoWind:Generator
induction generator (generator type) YES Induction Generator electric generator type ‘ I i OntoWind:
Doubly fad induction generator (generator type) VES Y electric generator type, included in induction generator pit: OntoWind:Genratar
synchronous generator (generator type) VES h werator electric generator type ‘ OntoWind:Genrator
permanent magnet (PM) generator [generator type) |YES electric generator type, included in synchronous t OntoWind:Genrator
generator manufacturer YES ch
generator model VES sch:model
generator bearing GeneratorBearing

3.5.3

Table 4. Example of ontology analysis.

Application of Step 3 - Design ontological diagrams for each pilot

This step is initially based on the output files from the previous step (see Table 4).
For each pilot, we have proposed a model represented by several diagrams showing
concepts (reused/created) and how they are linked by semantic relationships. The
aim of these diagrams is to represent the knowledge related to the pilot's uses

Ll

*
*og K
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cases. During all the process, ongoing interaction with stakeholders is maintained
through meetings to validate and enrich the diagrams as the modelling was
progressing.

We must notice that these diagrams are of crucial importance to the stakeholders,
as they represent an imperative help to understanding the relations between the
different concepts. Because without these diagrams, and only in the presence of an
ontological formalization of the different modules, created and/or reused, a no-
expert in the representation of knowledge through ontologies will be faced with a
very difficult task of knowing how to use and combine all these concepts and
relationships from different ontologies sources to represent their specific needs.
Thus, these diagrams could be considered as a guide that shows someone the
manner on how the concepts and relations could be used. For this purpose, we
choose that each pilot gets at the end the diagrams that cover all the needs
identified during the previous steps of the methodology application.

As noticed previously, Table 1, shows the assessment about the progress of the
different pilots according to some metrics. If we take the pilot 1 as an example, we
can get the following answers for the selected questions:

e Ql:Isdataextract provided?
o RT:Some data on maintenance were recently provided.
e (Q2:How many meetings were held to work in the pilot?
o R2:1Tmeetingsincluding all previous steps.
e Q3:Which existing ontologies are used in this pilot?
o Platoon, SEAS, SAREF, s4BLDG, s4City, Schema, Brick, Time, qudt
e Q4:Whatare the new modules created to meet the need of the pilot?
o Ener-wind, ener-device, ener-prop, ener-fail
e (Qb:Hasthe model been checked against competency questions?
o Almostall competency questions are checked and can have response
from the model.
e Q6:Whatisthe progress of the pilot 17
o Theapproximate progress is about 85%.
e Q7:Who were the stakeholders involved in defining the models?
o Ainhoa, Sonia, Adelaida, Larrizabalaga, and Azubizarreta.
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In summary, and according to the Table 1, we held 65 follow up meetings; we reused
around 19 existing ontologies; we created 16 modules, and the global progress is
approximately estimated around 87%.
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Figure 10: Extract of wind turbine ontology diagram - Hydraulic System.

The Figure 10 presents an extract of a diagram among fifteen other diagrams that
were proposed to meet all the need of the use case of the pilot 1 (see Appendix 7).
From this diagram, one can easily understand how a complex component like a
hydraulic pitch system (enr-wind:HydraulicPitchSystem) which is kind of pitch
system (plt:PitchSystem) is related to other components like hydraulic pitch motor
(ener-wind:Hydraulic PitchMotor) withtherelation sub system (seas:subSystemOf).
The hydraulic pitch motor is a kind of pitch motor (plt:PitchMotor) which is akind of
motor (plt:Motor). The oil (brick:0il) is contained in (s4bldg:isContainedIn)
hydraulic pitch cylinder (ener-wind:HydraulicPitchCylinder)which is composed of
(seas:subSystemOf) piston chamber (ener-wind:PistonChamber) and rod chamber
(ener—-wind:RodChamber). Piston seal (ener-wind:PistonSeal) and rod seal (ener-
wind:RodSeal) which both are a kind of seal (ener-wind:Seal) are respectively a
subsystem of (seas:subSystemOf) piston chamber (ener-wind:PistonChamber) and
rod chamber (ener-wind:Rod Chamber).
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At the end, this kind of diagrams give a clear view of how the components are

connected and serves as a guide for the representation of the knowledge related to

domain in this case the hydraulic pitch system.

3.3.4 Application of Step 4 -Harmonization & Formalization

We have to notice that this step is in its beginning phases, so we don't have results

to show and will be more detailed in the final deliverable.

The objective of the fourth step of the methodology is to harmonize the whole
ontological modules and to formalize the created modules by using OWL, the
standardized Ontological Web Language. This step consists of the following tasks
(seeFigure 9):

a)

*
£ *

*
*og K

Diagrams Harmonization: the harmonization task consists of checking all
the diagrams created for all the different pilots in order to verify that the
concepts and relations are correctly used. For all reused concepts and
relations, a verification of its effective existence and its spelling is correct.
We also verify that for the same notion we use the same conceptand relation.
Inthis manner, we guarantee that all pilots will use the same concepts for the
same meaning, and then increase the interoperability between them.
Ontology formalization: When the stakeholders express their satisfaction
about the modelling, we proceed to the formalization process, whichinvolves
generating an OWL file for each new module. For instance, in the case of Pilot
1, four distinct modules were established: ener-wind, ener-device, ener-prop,
and ener-fail. It is important to note that these modules do not encompass
the entire domain; rather, they specifically address the novel concepts and
relationships required for the ENERSHARE project that do not already exist.
For instance, the "ener-device" module focuses on a subset of devices
essential to the ENERSHARE project, excluding those already defined in the
Platoon ontology. Consequently, if a device, such as an anemometer, is
already present in the Platoon ontology, we opt to reuse this concept,
thereby eliminating the need to redefine it within the ENERSHARE device
module. In addition to the owl files corresponding to the created modules, we
will provide also an alignment file that provide all the mapping if several
concepts are represented in different ontologies.
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3.4 Nextsteps for final version

In next steps for final version, the step 4 of harmonization and formalization will be
completed. We will provide an update of all the diagrams provided in the appendix 7,
and provide also the owl files of the new designed modules. Additionally, the
mapping file will be also provided.

4 List of components conforming
the Beta version

This chapter describes the status of the components of the semantic
interoperability building blocks, in this Beta version.

4.1 Vocabulary Hub & Wizard for generation of Open APIs

The vocabulary hub building block and its wizard component have been introduced
in ENERSHARE deliverable D3.1 (alpha release). This section consists of a brief
summary of what the vocabulary hub is, followed by status updates of two new
features developed andreleased as part of this Beta release iteration.

4.1.1 Brief description of the ENERSHARE Vocabulary Hub building block

The work on semantic interoperability in the BD4ANRG project has been influenced by
data space design principles from initiatives like GAIA-X[8], DSBA[S], Open DEI[10]
and IDS[11]. The decentralized and distributed nature of data spaces has important
consequences for semantic interoperability. Data providers must be able to describe
and publish their data sources in such a way that these become easily findable and
reusable for (potential) data consumers, even without prior knowledge of the
specific consumers. This requires the use of common vocabularies. The vocabulary
hub building block acts as a repository of vocabularies, making them findable and
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accessible. This is its basic function. In addition, the vocabulary hub building block
can provide services to facilitate adoption of these vocabularies by data owners,
further fostering interoperability.

ENERSHARE is further developing the Energy Vocabulary Hub, initiated by the
BD4NRG project. It is deployed by TNO and available at https://energy.vocabulary-
hub.eu/. Thisimplementation of the vocabulary hub building block uses open-source
software called Semantic Treehouse, development which isled by TNO.

The purpose of a single Energy Vocabulary Hub is to broaden the scope and combine
the shared need for such a vocabulary hub functionality in European energy data
space projects, by providing a single registry for both standardized data models and
pilot specific data models, and ways to integrate these. This aligns with the aim of
ENERSHARE Task 10.1, which is to achieve interoperability and synchronization with
the other projects of this call and initiative. That means that these projects can
benefit from published vocabularies using shared models for pilots and use cases.

4.1.2 Development goals

One of the key ways the Energy Vocabulary Hub drives adoption of existing
standardsis by facilitating model-driven development of data models, schemas, and
Open API specifications. This is achieved with the wizard component of the
vocabulary hub. More information on the wizard component can be found in section
5.1 of ENERSHARE deliverable 3.1.

Of the three possible functional extensions of the Energy Vocabulary Hub identified
in deliverable 3.1, two have been included in the scope of ENERSHARE WP3 activities.
The firstinvolves extending the wizard to support standardized JSON vocabularies
such as the Smart Data Models. The second concerns implementing support for the
five-star framework for vocabulary use [12]. The framework defines five milestones
on the journey towards better semantic interoperability (i.e., vocabulary use). Each
milestone is defined by a specific number of stars, the first being one star, the
second being two stars, up until the complete five stars for the last milestone. The
framework is simple but allows comparing the vocabulary use of two datasets.
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Figure 11: lllustration of the two functional extensions of the Vocabulary Hub in scope
for WP3

4.1.3 Development goal 1: support for JSON Schema-based data models

As of the v2.19.0 release of Semantic Treehouse', implementation of this extension
has been completed.

Domain-specific vocabularies are crucial for accurate and consistent data
interpretation by different individuals and systems. These vocabularies provide a
shared conceptualization of knowledge within a particular domain. We observe the
emergence of these vocabularies in diverse formats such as Smart Data Models, HR
Open and Open Trip Model, which express their vocabularies in JSON or XML
schemas, notin RDF/SHACL.

The wizard component of the Semantic Treehouse used to support only ontologies,
pbut now also supports JSON schema as starting point. This means that models like
Smart Data Models, HR Open and the Open Trip Model can now be used for to start

"https://www.semantic-treehouse.nl/releases/#v2190--v300-alpha3-30-june-2023
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the model-driven development of data models, schemas, and Open API
specifications.

4131 Howitworks

The main addition to the existing wizard here is the import option of existing JSON
schemas. This can be done in two ways: via a JSON Schema pasted as JSON text in
the Local content text field. Alternatively, a URL import option is available (the
Schema URL field). If a JSON Schema is provided by URL, the vocabulary hub does
preprocessing of external references and then fills Local content field with the
result. From there itisincluded in the wizard.

ﬂ Semantic Edit Json Schema Specification version
L TI'EEhOI.lSE Version mngt Schema content Release notes Used by Acknowledgements

«5 Specifications Schema URL
= Codelists
@ Validator

Local content

{
#. Groups "Sschema": "https://json-schema org/draft-07/schema’,
"$id": "hitps://example.com/product-0.schema json”,

0 Issues

o
ElEECpIE “title™ "Product”,

E Organizations "description”: "A product offering and its characteristics.,
"type": "object”,
“properties™ {
"productld”: {
“description”: "The unique identifier for a product”,
“type”: "integer”

I, Uploads

"productName”: {
“description”: "The name for the product”,
“type™: "string"

"‘requ'\red": [
"productld”

Figure 12: Entering alocal JSON Schema

4.1.3.2 Simple example

After selecting this JSON Schema, the wizard allows us to build the message model.
For example, below is a basic JSON schema that Semantic Treehouse can import. It
considers the cardinality and data type constraints specified in the schema.

{
"Sschema": "https://json-schema.org/draft-07/schema",
"$id": "https://example.com/product-0.schema.json",
"title": "Product",
"description": "A product offering and its characteristics.",
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"type": "object",
"properties": {
"productId": {
"description": "The unique identifier for a product",
"type": "integer"
by
"productName": {
"description": "The name for the product.",
"type": "string"
}

b
"required": ["productId"]

}

After loading the JSON Schema in the wizard, users can take the next step: specify
the root concept of the message. This means that the wizard will start finding sub-
properties from thisroot concept down the tree. The defaultis to find the root object
of the JSON schema, in our example the object with title Product. After doing that,
the wizard will present the following message tree view displaying two potential sub-
properties (see top leftin Figure 13).
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Figure 13: The application presents the list of elements from the JSON Schema to the

user.

Users can now create a custom data model that is essentially a profile of the JSON

schema we started with. The profile can have numerous constraints on the original

model. Users can choose if they need to select both properties and customize their

Characteristics, such as definition, cardinality, and element name.

4.1.3.3 Mainlimitations

Thelimitations of the currentimplementation of JSON schemain the Vocabulary Hub

can be grouped into three categories:

1. JSON Schema version support;
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2. applicator keywords, and
3. reverseproperties

Apart from these limitations, most simple and advanced JSON schema constructs
are picked up by the wizard.

4.1.5.5.1 Version support

Thisrelease supports JSON schemas with versions until braft-072, so not 2019-09
nor 2020-12.

4.1.3.3.2 Applicator keyworas

This release of the Vocabulary Hub supports as far as we know all datatypes. We
provide basic support for advanced constructs, called Applicator Keywords. These
are OneOf, AnyOf and A110f. For oneOf lists, we don't offer all of the options but
only an arbitrary first schema of a possibly nested one0f list. A110f schema lists will
all be added as possible sub-properties and offered in the Wizard.

4.1.5.5.5 Reverseproperties

JSON Schemas have an innate direction or tree-form: there is always a root object
that can hold child objects, and so on. Even though conceptually, it can be argued for
any property that the reverse property is also valid and relevant to knowledge
modelers. As an example, consider a Person schema that holds property drives
with the target schema of an object car. It can be equally validly modeled as a Car
schema that holds a property drivenBy with target schema Person. Ideally, our
wizard would offer the "reverse” property of drivenBy to a modeler who makes a
message model of a car. The current implementation does not offer support for
showing this reverse property, though it has to be noted that JSON Schemas don't
hold reverse text for properties (like in this example the name drivenBy). Currently
the wizard only offers properties in the direction of ‘down the tree’.

4.1.3.4 Next steps for final version

From an iterative development perspective, this extension is now ready for further
validation with ENERSHARE pilot partners. The resulting feedback process can be

2https://json-schema.org/draft-07/json-schema-release-notes
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used to improve this feature, which in turn is included in the next and final
ENERSHARE technology release.

4.1.4 Developmentgoal 2:implementing the five-star model of vocabulary
use

Implementation of this extension is ongoing. Progress has been made in further
defining the next increment towards this goal, which is described below. Delivery of
thisincrementis expected before the last technology release and will be followed by
further validation together with the help of pilot partners.

4.1.4.1 Thefive-stars model of vocabulary use

The five stars of vocabulary use’®, as inspired by Tim Berners-Lee's framework for
Linked Open Data*, is intended to encourage the use of vocabularies and enhance
the (re)usability and interoperability of data on the web. The framework rates
vocabulary usage of datasets along five levels (six, if we count the baseline of zero
stars):

e /ero stars: Refers to Linked Data without any vocabulary. Data at this level
do not refer to any web-accessible descriptions of the vocabulary used,
making interpretation and integration difficult.

e One star: Linked Data provides dereferenceable human-readable
information about the vocabulary. This may include documentation,
examples, or contact information, and serves to help users better
understand the dataset's context.

e Two stars: The vocabulary includes machine-readable explicit
axiomatization, ideally using semantic web standards like RDFS and OWL.
However according to our interpretation this can be any machine-readable
vocabulary definition.

e Three stars: The vocabulary is linked to other vocabularies through explicit
alignments or reuse, denoted by relations like subClassOf or
equivalentClass. These links should be at the vocabulary level, not
petween individual entities.

°https://www.semantic-web-journal.net/content/five-stars-linked-data-vocabulary-use
“https://5stardata.info/en/
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e Four stars: There is dereferenceable and machine-readable metadata
available about the vocabulary, which might include licensing, contact
details, modification dates, the ontology language used, and the
methodology behind the vocabulary's development.

e Five stars: The vocabulary is linked to by other vocabularies, reflecting its
external usage and perceived usefulness. This star level indicates that the
vocabulary is recognized and integrated within the broader Linked Data
ecosystem, although the creators have limited influence on achieving this
star.

The aim of this framework is not to judge the quality of the vocabularies themselves
but to promote their accessibility on the web, thereby fostering semantic
interoperability.

4.1.4.2 Nextincrement of the Energy Vocabulary Hub

Taking inspiration of the five-star framework, the new feature extends the
functionality of the Vocabulary Hub by enabling a more accessible entry point for
data providers to align with semantic interoperability standards. Recognizing the
varying levels of expertise and resources among data providers, this feature aims to
lower the barrier to participation by offering an alternative to the model-driven route
currently provided by the wizard.

Utilizing a bottom-up methodology, the extended wizard allows users to upload a
sample of their existing dataset. Through a parsing and analysis process, the
Vocabulary Hub constructs a machine-readable data model that represents the
structure and semantics of the provided data.

Adding such a feature for data model generation serves a dual purpose:

e Facilitating easy adoption: By automating the initial steps of modeling, the
feature enhances the ease of adoption for data providers new to semantic
technologies and linked data principles. It provides a supportive
steppingstone towards full utilization of common vocabularies and
ontologies.

e Achieving Two-Star vocabulary use: Inaccordance with the "Five Stars Model
of Vocabulary Use", generating a machine-readable data model corresponds
to achieving a two-star level of interoperability. This distinguishes the
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dataset from others with less stars (either no information on vocabulary use,
or only providing human-readable information). At the same time, it
communicates that more can be done. Perhaps the dataset owner can take
the next step towards three or four stars.

4.1.4.3 Preliminary UX design

1.

* Kk
*

*
*og K

Data Upload: The user begins by uploading a sample datasetin acommon file
format, restricted to CSV for this increment. The sample should be
representative of the full dataset to ensure the generated schema is
applicable across the entire data collection.
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Figure 14: Uploading a CSV sample (mock-up)

2. Data Analysis: Upon upload, the Vocabulary Hub performs a thorough
analysis of the sample. It detects patterns, infers types, and identifies
potential conceptsandrelationshipsinherentinthe data. Thisstepleverages
machine learning algorithms and heuristic rules to interpret the dataset's

structure.

3. Model Suggestion: Based on the analysis, the wizard proposes a preliminary
data model that describes the CSV sample.
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4. User Review and Refinement: The user is then invited to review the
suggested data model (interface as shown in Figure 13). They may accept,
modify, or extend the model to better fit their particular context and
requirements. Out of scope for thisincrement, but promising future research:
the vocabulary hub provides guidance on how to align the customized model
with shared ontologies and vocabularies, promoting semantic integrity and
interoperability.

5. Schema Generation: Once the user finalizes their adjustments, the wizard
generates the final data schema in a standard format or even open API
specification.

By providing this alternative route next to the model-driven flow in the wizard
component, the Vocabulary Hub opens the door to semantic interoperability for data
providers of all sizes and expertise—laying the foundation for a more connected and
semantically-rich data space.

4.1.4.4 Next steps

The next steps are 1) completing the developing of this increment of the Vocabulary
Hub, and 2) further validation of the added value of this functionality, and 3) further
implementing the five-star framework for promoting vocabulary use.

Validation will consist of testing it with data from the ENERSHARE pilot partners. Pilot
partnersrepresent users (dataproviders) and their feedback is essential to discover
new requirements and prioritize features. In addition to refined requirements, the
validation step will result in the creation of a set of new datamodelsinthe Vocabulary
Hub that reflect the structure of (CSV) data available in a particular pilot.

41.45 Futureresearch

Future increments of the Vocabulary Hub will focus on the interaction between the
Vocabulary Hub and Metadata Broker components to further implement the five-star
framework for vocabulary use. The Metadata Broker will be extended so that each
dataset entry in its catalogue contains a vocabulary use score. That way it will be
Clear to every data space participant what the current vocabulary use score is for
each dataset. Potential data consumers can use this information to estimate the
degree of semantic interoperability of datasets. Data providers, in turn, can change
the value of this score for their own datasets by taking actionsin the Vocabulary Hub,
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for example creating a data model from data sample as described in the previous
sections.

4.2 OpenAPIs

As stated in section 2.4, Open APIs based on a common semantic data model are
needed to ensure semantic interoperability.

An Open APl will be created for each of the types of data services developed in the
ENERSHARE use cases that need to exchange information between the Dataspace
participants.

These Open APIs define how to formalize the data to be exchanged in the payload of
the messages transferred between data providers and data consumers. Data
providers must be able to describe and publish their data sources in such a way that
these become easily findable and usable for data consumers.

The first step for the creation of the Open API for the different services, has been to
analyse the input and output data of each of them. Next, each concept and attribute
in the input and output has been mapped to a concrete class or property in the
ENERSHARE semantic model described in section 3. For example, in the case of the
data-driven failure detection algorithm for wind turbines, the service needs as input
the following parameters described in Table 5: the identifiers of the wind farm and
wind turbine, the timestamp when the measurements were taken and the values of
the nacelle temperature, the pitch angle of the blade, the wind speed, and the active
power, current and torque of the generator. These parameters are mapped to the
concepts and properties of the ontology as described in the column “ontology
mapping”. These mappings are represented graphically in diagrams which are a
subset of the diagrams in the appendix 7. See Figure 15 and Figure 16 for examples of
the subsystems of a wind turbine and the properties of a generator.

Table 5: Input parameters of a data-driven failure detection algorithm for wind turbines

Input param
name ontology mapping example
time:Instant
timestamp xsd:inXSDDateTime 2019-08-24T00:00:00Z
Fd i Enershare hasreceived funding from European Union's Horizon Europe

* *
P Research and Innovation programme under the Grant Agreement No 101069831

63


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en

Enershare os:-enersiare interoperability building blocks - Beta version

plt:WindFarm

windfarm id rdfs:label FRBRT
plt:OnshoreWindTurbine

windturbine id rdfs:label 91840
plt:Nacelle
plt:hasAverageTemperature "@type" :

nacelle temperature

seas:TemperatureProperty
seas:TemperatureEvaluation

"cdt:temperature”,
"@value" : "27.54 Cel"

blade pitch angle

plt:Blade

plt: hasAveragePitchAngle
seas:PitchAngleProperty
seas:AverageEvaluation

"@type": "cdt:angle",
"@value": "450 deg"

windspeed

plt:OnshoreWindTurbine
plt:hasAverageWindSpeed
seas:WindSpeedProperty
seas:WindSpeedEvaluation

"@value": "9.32 m/s",
"@type": "cdt:speed"

generator active power

plt:Generator
plt:hasAverageActivePower
seas:ElectricPowerProperty
seas:ElectricPowerEvaluation

"@type": "cdt:power",
"@value": "495.7 kW"

generator current

plt:Generator
plt:hasAverageCurrent
seas:CurrentProperty
seas:CurrentEvaluation

"@type“:
"cdt:electricCurrent",
"@value": "417.18 A"

generator torque

plt:Generator
plt:hasAverageTorque
plt:TorqueProperty
plt:TorqueEvaluation

"@type": "cdt:energy",
"@value": "3370.42 N.m"
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Figure 15: Diagram of the subsystems of a wind turbine.

* Kk

st Enershare hasreceived funding from European Union's Horizon Europe
* *
P Research and Innovation programme under the Grant Agreement No 101069831

65


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en

|=('| Enershare os:-enersiare interoperability building blocks - Beta version
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(rdfs-label)
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Figure 16: Diagram of the properties of a generator.

Once the mappings are clear, the inputs and outputs can be serialized according to
ENERSHARE semantic data format, e.g., in Turtle or in JSON-LD (see Table 14 and
Table 15).

For each Open API, different alternative data schemas will be provided. For example,
alightweight representation in JSON of Table 14 could be.

{
"windturbine": {

"timestamp": "2019-08-24T00:00:002",
"windfarm id": "FRBRT",
"windturbine id": "91840",
"nacelle temperature": "27.54 Cel",
"blade pitch angle": "450 deg",
"windspeed": "9.32 m/s",
"generator active power": "495.7 kW",
"generator current": "417.18 A",
"generator torque": "3370.42 N.m",
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"stator winding temperature": "27.54 Cel"

For each alternative data schema, we will also define the set of mapping rulesin RML
to transform the data into the ENERSHARE data model, as explained in section 2.4
using the Data Transformation Service.

The wizard of the Vocabulary Hub can be used in design time to generate the
mapping rules in RML and to generate the skeleton of the data format in the Open
APIs.

The specification of the Open APIs will be provided in yaml/json files. This
specification can be used by the pilots to develop their REST APIs as well as to
describe the service in the data space for possible consumers.

4.2.1 Nextsteps

For the final version we will finalise the specification of the Open APIs for all the
services exchanging data in the pilot use cases. We will also define shape files to
validate the compliance of the data models. We will provide alternative schemas in
JSON with the corresponding RML mapping rules. Finally, we will also provide
schemas compliant with Smart Data Models in NGSI-LD using the Data Models
Contribution API®.

4.3 Data Transformation Service

In the beta version, the data transformation service is defined as a REST service
(implemented in Python language) which, given any data in a structured source
format and a mapping file with rules written in RDF Mapping Language (RML),
transforms the data to RDF and provides the output in the requested serialization
formatincluding n3, json-ld, hext, nquads, pretty-xml, trig, trix, turtle, longturtle and
xml.

® https://smartdatamodels.org/index.php/data-models-contribution-api/
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The service offers three methods:

e /test:totestthe connection with the service endpoint.

e /transformationService/convertFile: converts the data into RDF, where both
the URLs of the data source and the mapping files are provided as input

e /transformationService/convertModel: converts the data into RDF, where
both the content of the data source and the mapping files are provided as
input strings

Transformation service - Swagger Ul endpoint:
https://transformation.enershare.urban.tecnalia.dev/docs

Transformation service €@ &2

lopenapijson

Transformation service

default ~
= v
Transformation Service ~
‘ POST JtransformationService/convertFile Convert File ' ‘
‘ POST /transformationService/convertModel Convert Model A ‘

Figure 17: Swagger file of the Data Transformation rest service

Table 6: Method to test the connection with the service endpoint

Title Test connection

URL

/test

Method

GET
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Data Params

NoO parameters

SUCCGSSF@SDOHSG

200 | oK

Error response

404 | Not found

Sample call
curl -X 'GET' \

"http://XXX. XX XX, XX: XXXX/test" \
-H 'accept: application/json'

Table 7: Method to convert data given the URLs of the data source and mapping files

Title convert data given the URLs of the data source and the mapping files

URL

/transformationService/convertFile

Method

POST

Data Params

Required:

json_file_url the URL of the data source

mapping_file_url | the URL of the mapping file with rules written in RML

Optional:

serialize_format | the serialization format for the data model provided as output.

Default value: turtle.

Possible values: n3, json-Id, hext, nquads, pretty-xml, trig, trix, turtle,
longturtle, xml.

SUCC@SSF@SDOHS@

200 Semantic data model in the requested serialization format.
Examples are available in Table 14 (Turtle) and in Table 15 (JSON-LD).

Error response

422 \ Transformation error

Sample call

curl -X 'POST" \
"http://XXX.XX.XX.XX:XXXX/transformationService/convertFile?json_file_url=https%3A%2F%2Fgit.
code.tecnalia.com%2Fopen%2Fenershare’%2F -
%2Fraw%2Fmain%2Fmappings%2Fpilotl_windturbine_simplejson.json&mapping_file_url=https%3A%2F%2

Fgit.code.tecnalia.com%2Fopen%2Fenershare%2F-%2Fraw%2Fmain%2Fmappings%2Fpilotl-windturbine-
mapping-json.ttl&serialize_format=turtle"' \

-H 'accept: application/json' \

d
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Table 8: Method to convert data given the content of the data source and mapping files

Title convert data given the content of the data source and the mapping
files

URL

/transformationService/convertModel

Method

POST

Data Params

Required:

json_file_data the content of the data source file

mapping_file_data | the content of the mapping file with rules written in RML

Optional:

serialize_format the serialization format for the data model provided as output.

Default value: turtle.
Possible values: n3, json-Id, hext, nquads, pretty-xml, trig, trix, turtle,
longturtle, xml.

Successresponse

200 Semantic data model in the requested serialization format.
Examples are availablein Table 14 (Turtle) and in Table 15 (JSON-LD).

Error response

422 \ Transformation error

4.4 Compliance Service

Inthe beta version, the compliance service is defined as a REST service which, given
a semantic model and a SHACL file, validates the RDF graph against the set of
conditions specified in the shapes graph. The service is implemented in Python
language.

This service allows connectors to validate their APIs against the shapes (SHACL
files) provided for each Open API, so that interoperability in the data space is
guaranteed.

The service offers three methods:

Lo Enershare hasreceived funding from European Union's Horizon Europe
* *
P Research and Innovation programme under the Grant Agreement No 101069831

70


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en

|=('|! Enershare os:-enersiare interoperability building blocks - Beta version

e /test: totest the connection with the service endpoint.

e /complianceService/validateFile: validates the RDF graph, where both the
URLs of the data model and the shapes files are provided as input

e /complianceService/validateModel: validates the RDF graph, where both the
content of the data model and the shapes files are provided as input strings

Compliance service - Swagger Ul endpoint:
https://compliance.enershare.urban.tecnalia.dev/docs

Compliance service @ &®

lopenapi.json

Compliance service

default ~
[ o= T v
Compliance Service ~
‘ POST J/complianceService/validateFile Validate File 4 ‘
‘ POST J/complianceService/validateModel Validate Model 4 ‘

Figure 18: Swagger file of the Compliance rest service

Table 9: Method to test the connection with the service endpoint

Title Test connection
URL

/test

Method

GET

Data Params

No parameters
Successresponse
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200 | oK

Error response

404 | Not found

Sample call
curl -X 'GET' \

"http://XXX. XX XX, XX : XXXX/test" \
-H 'accept: application/json'

Table 10: Method to validate the data given the URLs of the data model and shapes files

Title Validate the RDF graph given the URLs of the data model and the shapes
files

URL

/complianceService/validateFile

Method

POST

Data Params

Required:

json_file_url the URL of the data model

shacl_file_url the URL of the shapes file written in SHACL (see example in Table 16)

Success response

200 Json object:

- conforms: Boolean indicating if the graph is correct.
- report: content of the validation report

Example 1 (correct model):
{

"conforms": true,
"report"”: "Validation Report\nConforms: True\n"

}

Example 2 (incorrect model):

"conforms": false,

"report": "Validation Report\nConforms: False\nResults (1):\nConstrain
t Violation in MinCountConstraintComponent (http://www.w3.org/ns/shacl#M
inCountConstraintComponent):\n\tSeverity: sh:Violation\n\tSource Shape:

[ sh:minCount Literal(\"1\", datatype=xsd:integer) ; sh:path [ sh:invers
ePath rdf:type ] ]\n\tFocus Node: seas:PitchAngleProperty\n\tResult Path
: [ sh:inversePath rdf:type ]\n\tMessage: Less than 1 values on seas:Pit
chAngleProperty->[ sh:inversePath rdf:type ]\n"

Error response
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4L22 Validation error

Sample call

curl -X 'POST" \
"http://XXX.XX.XX.XX:XXXX/complianceService/validateFile?jsonld_file_url=https%3A%2F%2Fgit.c
ode.tecnalia.com%2Fopen%2Fenershare%2F -
%2Fraw%2Fmain%2Fmappings%2Fpilotl_windturbine_generated.jsonld&shacl_file_url=https%3A%2F%2F

git.code.tecnalia.com%2Fopen%2Fenershare%2F -
%2Fraw%2Fmain%2Fshacl%2Fpilotl_anomaly_detection_input.shacl.ttl"' \
-H "accept: application/json' \
d '’

Table 11: Method to validate data given the content of the data model and shapes files

Title Validate the RDF graph given the content of the data model and the
shapes files

URL

/complianceService/validateModel

Method

POST

Data Params

Required:

graph_file_data the content of the data model

shacl_file_data the content of the shapes file written in SHACL

Optional:

data_file_format the serialization format of the data model

Default value: json-Id.

shapes_file_format | the serialization format of the shapes model
Default value: turtle.

Success response

200 Json object:
- conforms: Boolean indicating if the graph is correct.
- report: content of the validation report

Examples (same as above for validateFile)

Error response

4L22 \ Validation error
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4.5 Context Broker

An NGSI-LD context broker is a key component in the NGSI-LD (Next Generation
Service Interface with Linked Data) architecture, whichisused for managing context
information. It acts as the primary access point to context information for context
consumers (sensors, legacy applications, microservices, etc), allowing them to
store, retrieve, and subscribe to context information. NGSI-LD allows the storing of
information but also the storing of relations between different entities stored. The
context broker can store NGSI-LD entity information (a subset of JSON LD) provided
by context producers or request it from context sources. It also uses the context
source discovery functionality to find relevant NGSI-LD entities. The NGSI-LD
specification is regularly updated and published by ETSI in its Context Information
Management group®, with the latest version being 1.7.1 as of June 2023.

The following FIWARE Context Broker implementations, supporting the ETSINGSI-LD
1.6.1. APl specifications or higher are available:

e The Orion-LD Context Broker Generic Enabler [20] is an alternative NGSI-LD
Context Broker written in C/C++, which supports both NGSI-LD and the NGSI-
v2 APIs. It is a standalone executable and therefore small, fast, lightweight,
and easy tohandle.

e The Scorpio Broker Generic Enabler [21] is an alternative NGSI-LD Broker
which can also be used in federated environments. Two interaction stylesare
supported, a synchronous query-response, and an asynchronous
subscribe/notify, where notifications can be based on a change in property
or relationship, or on a fixed time interval. In addition to the regular context
interface that provides the most current properties and relationships for
each entity, Scorpio implements NGSI-LD's optional temporal interface for
requesting historic information, e.g., the property values measured within a
specified timeinterval.

e The Stellio Context Broker Generic Enabler [22] is another alternative NGSI-
LD Broker. Itis built around aKafka message broker for improved extensibility,
scalability, and decoupling of services. These services embed a graph
database (Neo4J) for context management as well as a timeseries

https://www. etsi.org/committee/cim
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(TimescaleDB) and geospatial (PostGIS) database to manage temporal and
geospatial properties.

Besides, the NGSIJS library provides a series of JavaScript functions allowing
developers to connect and push context data to any NGSI compliant context broker.

A detailed comparison, based on functional and performance evaluation, between
Orion-LD, Scorpio and Stellio can be found in deliverable D3.1 and in FIWARE
Catalogue GitHub README’. In this spreadsheet there are several sections to show
how the different brokers implement the API, the entity operations, the
subscriptions, the temporal API, the registry API, and the JSON-LD context. Itis also
included in what version of the NGSI-LD specification every feature is defined.

In the context of the ENERSHARE project, the Context Broker in the Digital Enabler
[23], which is an “Ecosystem’” platform developed by Engineering, has been
upgraded to Orion-LD that supports Linked Data capabilities.

4.6 DataMashup Editor

4.6.1 Description

The Data Mashup Editor (DME) is a versatile tool that can be used in a variety of use
cases, including data harmonization and data transformation. Data harmonization
involves the process of bringing together data from various sources and making it
consistent, accurate, and usable. Data transformation, on the other hand, involves
the process of converting data from one format to another, or from one system to
another. The Data Mashup Editor can be used at runtime e.qg., by connectors, to
create data transformation workflows that can convert data stored in the provider’'s
systems into the NGSI-LD format defined according to the OpenAPls (from T3.2)
before sending the data to the consumer.

Please refer to deliverable D3.1 for a more detailed description of the existing
implementation offered by the Digital Enabler.

7 https://bit.ly/context_broker_comparison
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4.6.2 Developments within ENERSHARE

In the ENERSHARE project, the Data Mashup Editor has been provided in version 2.3
as runtime for data transformation and harmonization. Thanks to the provided
functionalities it is possible to connect data from heterogeneous sources and
compose complex business logics in a graphical way simply connecting existing
atomic operators. The graphical representation of the Mashup process allows us to
easily understand and monitor our data processing in real-time, making it an ideal
choice for the runtime aspect of our project.

An important aspect of the Data Mashup Editor features is the support to the
common semantic data model defined in ENERSHARE. In the ICT architecture, the
Vocabulary Hub acts as a registry of data models for the Energy domain and its
wizard facilitates the creation, at design time, of the Open APIs specifications.

The Data Mashup Editor is also used to trigger the created flow through the IDS
Connector. In particular, the DME has been already integrated with the True
Connector. According to ENERSHARE project requirements, the Data Mashup Editor
is evolving with the possibility to add custom operators (defined by the user through
aJSON Schema) tointegrate data models coming from the Vocabulary Hub and make
them available to the pilots.

4.6.3 Next steps for final version

Our upcoming focus includes finalizing the Custom Data Mapper for seamless
integration with the NGSI-LD standard. Additionally, we're working on a redesigned
drawing area to enhance user interaction and improve the overall usability of the
tool.

The Data Mashup Editor will be validated in at least one pilot developing data-driven
Cross-sector services. These services are:

e Multi-energy flexibility potential assessment

e Cross-operators’ portal (COP)

e Emissions and ecological footprint

e EVcharging monitoring and remote management

e ML-based models for assessing renovation actions in residential buildings
e Healthinsurance alarms for senior living alone
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e Appliances maintenance or retrofit.
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H Conclusions and future work for
the final version of the document

Data exchange interoperability occurs at two levels: technical interoperability and
semantic interoperability. At technical level, interoperability among connectors will
be guaranteed by the Dataspace Protocol Specification. At semantic level, a
common data model isneeded. However, inpractice, itisnot realistic to assume that
there will be a unique semantic model that will cover all the concepts and
relationships in a domain. For this reason, we support the idea of a data
transformation service, that given a data schema and some mapping rules allows
transforming any data model into the data model expected by the data space to
ensure interoperability between data providers and consumers. This approach is
also suitable for cross-domain interoperability, for services deployed in production
and for low latency or big volume data exchange.

Besides, tools like the Vocabulary Hub facilitate the work needed to define, at design
time, the data transformation rules and the definition of the Open APIs taking as
input already existing data models, whereas tools like the Data Mashup Editor
facilitate the work needed at run-time to transform the data before being published.

In addition, compliance services allow to easily validate that connectors inputs and
outputs are compliant with the Open APIs specification.

The next version of this document will provide the final version of the ENERSHARE
ontology, the Open APIs specification in a variety of data schemas (JSON, JSON-LD
and NGSI-LD), the mapping rules for the transformations and the shapesfiles for the
validation of the data models.
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/ Appendix: Diagrams from step 3

Thisannex presents the result of the work realised for each pilot during the step 3 of
the methodology for the ENERSHARE data model.

7.1 Pilot 1: Wind farm integrated predictive maintenance and
supply chain optimization [Spain] - TECN, ENGIE, ACE, HINE
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Figure 25: Pilot 1 - Rotor Properties
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Figure 26: Pilot 1 - Weather - sensor
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Figure 27: Pilot 1 - KP!
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Figure 30: Pilot 1: Modeling of Overheating example
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Figure 31: Pilot 2 - building consumption & mobility
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Figure 32: Pilot 2 - Price & Market
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Figure 33: Pilot 2 - Grid & Solar Panel Properties
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Figure 34: Pilot 2 -Prosumer Context
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Figure 39: Pilot 3 - Meter Context
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Figure 41: Pilot 3 - System Context
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Figure 52: Pilot 4 -Natural Gas deliveries
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Figure 55: Pilot 5 - Systems Elements
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Figure 57: Pilot 5 - Grid Topology & System
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Figure 58: Pilot 5 - Grid Event
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Figure 63: Pilot 6 - Grid Context

(some) ener-sys:contrals

_ - - (some) seas:isMemberOf B
|

‘______
‘_._._

1
i
*
ener-sys: HeatPumpPoaol

* Kk
*

*
*og K

* A

-

(some) saref:hasState

‘ pit:HeatPump }( _______

(some) ener-sys:controls

i
(some) saref: hasFunction-—-—

{some) saref:haqummand

h 4

saref:Command ‘

P (some) ener-sys:controls __ +

h 4
saref:State }( —————————— (some) saref:actsUpon

. |

seas: hitps:/fw3id.org/seas/
saref: hittps:/iw3id.org/saref#
plt: https fw3id.org/platoon/
sch: https:/’schema.org/
ener-sys: hitps:/fw3id.org/enershare/system
base: https:/fw3id.org/enershare/core

N

—{ saref:0nCommand ‘
saref:0ffCommand ‘

ener-sys:PowerReducingCommand +
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8 Appendix: Examples of data
transformation and compliance

This appendix contains data models, mapping rules and shapes files that can be
used as input and output to test the data transformation service and the data
compliance service.

8.1 Datatransformation example

Example to transform the JSON file in Table 12 given the mapping rules in Table 13.
The output, which is compliant with ENERSHARE's ontology is shown in Turtle
serializationin Table 14 and in JSON-LD compact serialization in Table 15.

The process time for this transformation takes around 3 to 4 seconds in an Intel (R)
Core(TM) i7-8850H CPU. Hence, for real-time constraints these transformations are
not recommended and, if necessary, a GPU should be used.

curl -X 'POST"' \

"http://XXX.XX.XX.XX:XXXX/transformationService/convertFile?json_file_url=https%3A%2F
%2Fgit.code.tecnalia.com%2Fopen%2Fenershare%2F -
%2Fraw%2Fmain%2Fmappings%2Fpilotl_windturbine_simplejson.json&mapping_file_url=https%

3A%2F%2Fgit.code.tecnalia.com%2Fopen%2Fenershare%2F -
%2Fraw%2Fmain%2Fmappings%2Fpilot1l-windturbine-mapping-
json.ttl&serialize format=turtle' \

-H "accept: application/json' \

-d "

Table 12: Simple JSON file with the data structure of a wind turbine

{
"windturbine": {

"timestamp": "2019-08-24T00:00:002",
"windfarm id": "FRBRT",
"windturbine id": "91840",
"nacelle temperature": "27.54 Cel",
"blade pitch angle": "450 deg",
"windspeed": "9.32 m/s",
"generator active power": "495.7 kW",
"generator current": "417.18 A",
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"generator torque": "3370.42 N.m",
"stator winding temperature": "27.54 Cel"

Table 13: Mapping rules to transform the JSON into a semantic model compliant with
ENERSHARE's ontology

@prefix rr: <http://www.w3.org/ns/r2rml#>

@prefix rml: <http://semweb.mmlab.be/ns/rml#>

@prefix gl: <http://semweb.mmlab.be/ns/gl#>

@prefix brick: <https://brickschema.org/schema/1.1/Brick#>
@prefix cdt: <http://w3id.org/lindt/custom datatypes#>
@prefix plt: <https://w3id.org/platoon/>

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
@prefix seas: <https://w3id.org/seas/>

@prefix time: <http://www.w3.0rg/2006/time#>

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>

<#WindFarm> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
idy";

rr:class plt:WindFarm

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [
rml:reference "windturbine.windfarm id"
]
1.

<#Time> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [
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rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
pi";

rr:class time:Instant

17

rr:predicateObjectMap [
rr:predicate time:inXSDDateTime ;
rr:objectMap [
rml:reference "windturbine.timestamp";
rr:datatype xsd:dateTime

1.

<#OnshoreWindTurbine> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class plt:OnshoreWindTurbine;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [
rml:reference "windturbine.windturbine id"
]
1:

rr:predicateObjectMap [
rr:predicate brick:hasLocation ;
rr:objectMap [
rr:termType rr:IRI;
rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}"
]
1:

rr:predicateObjectMap [

rr:predicate plt:hasAverageWindSpeed ;

rr:objectMap [

rr:termType rr:IRI;

rr:template

"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/windspeed/aver
age "
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17

rr:predicateObjectMap [

rr:predicate seas:isMemberOf ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
idy"

]
].

<#WindSpeedProperty> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class seas:WindSpeedProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/windspeed/aver
age"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "wind speed average" ]

17

rr:predicateObjectMap [

rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/windspeed/aver
age/evaluation/{windturbine.timestamp}"

]
]

<#WindSpeedEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [
rr:class seas:AverageEvaluation;
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rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/windspeed/aver
age/evaluation/{windturbine.timestamp}"

17

rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.windspeed";
rr:datatype cdt:speed

17

rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
pH"

]
].

<#fStatorWinding> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class plt:StatorWinding;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/generator/stato
r/statorwinding"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "StatorWinding" ]

17

rr:predicateObjectMap [

rr:predicate plt:hasAverageTemperature ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/stator/statorwinding/pr
operty/temperature/average"

]
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17

rr:predicateObjectMap [

rr:predicate seas:subSystemOf ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/generator/stato
r"

]
].

<#Blade> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class plt:Blade;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/blade/1"
1:

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "Blade Axis 1" ]

17

rr:predicateObjectMap [

rr:predicate plt:hasAveragePitchAngle ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/blade/1l/property/pitcha
ngle/average"

]
1:

rr:predicateObjectMap [

rr:predicate seas:subSystemOf ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}"

]
1.
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<#PitchAngleProperty> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "s$"

17

rr:subjectMap [

rr:class seas:PitchAngleProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/blade/1l/property/pitcha
ngle/average"
17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "Pitch Angle average" ]

17

rr:predicateObjectMap [

rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/blade/1l/property/pitcha
ngle/average/evaluation/{windturbine.timestamp}"

]
]

<#PitchAngleEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "S$"

17

rr:subjectMap [

rr:class seas:AverageEvaluation;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/blade/1l/property/pitcha
ngle/average/evaluation/{windturbine.timestamp}"

17

rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.blade pitch angle";
rr:datatype cdt:angle
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rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
pr"

]
].

<#Nacelle> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "s$"

17

rr:subjectMap [

rr:class plt:Nacelle;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "Nacelle" ]

17

rr:predicateObjectMap [

rr:predicate plt:hasAverageTemperature ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/property/temper
ature/average"

]
1:

rr:predicateObjectMap [

rr:predicate seas:subSystemOf ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}"

]
1.

<#Generator> a rr:TriplesMap;
rml:logicalSource [
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rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "S$"

17

rr:subjectMap [

rr:class plt:Generator;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/generator"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "Generator" ]

17

rr:predicateObjectMap [

rr:predicate plt:hasAverageActivePower ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/activepower/av
erage"

]
1:

rr:predicateObjectMap [

rr:predicate plt:hasAverageCurrent ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/current/averag
e"

]
1:

rr:predicateObjectMap [

rr:predicate plt:hasAverageTorque ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/torque/average
"

]
1:
rr:predicateObjectMap [

rr:predicate seas:subSystemOf ;

rr:objectMap [

rr:termType rr:IRI;
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rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle"

]
1.

<#Stator> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

1:

rr:subjectMap [

rr:class plt:Stator;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/generator/stato
r"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "Stator" ]

17

rr:predicateObjectMap [

rr:predicate seas:subSystemOf ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/generator"

]
1.

<#NacelleTemperatureProperty> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "S$"

17

rr:subjectMap [

rr:class seas:TemperatureProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/property/temper
ature/average"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
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rr:objectMap [ rr:constant "nacelle temperature average" ]
17

rr:predicateObjectMap [

rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/property/temper
ature/average/evaluation/{windturbine.timestamp}"

]
]

<#NacelleTemperatureEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class seas:AverageEvaluation;

rr:class seas:TemperatureEvaluation;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/nacelle/property/temper
ature/average/evaluation/{windturbine.timestamp}"

17

rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.nacelle temperature";
rr:datatype cdt:temperature

rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
pH"

]
1.

<#ElectricPowerProperty> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"
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17

rr:subjectMap [

rr:class seas:ElectricPowerProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/activepower/av
erage"
17

rr:predicateObjectMap [

rr:predicate rdfs:label ;

rr:objectMap [ rr:constant "windTurbine active power average" ]
17

rr:predicateObjectMap [

rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/activepower/av
erage/evaluation/{windturbine.timestamp}"

]
]

<#ElectricPowerEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "s$"

17

rr:subjectMap [

rr:class seas:ElectricPowerEvaluation;

rr:class seas:AverageEvaluation;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/activepower/av
erage/evaluation/{windturbine.timestamp}"

17

rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.generator active power";
rr:datatype cdt:power

1;
rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;
rr:objectMap [
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rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
p}"

]
1.

<#CurrentProperty> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class seas:CurrentProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/current/averag
e"

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "windTurbine current average" ]

17

rr:predicateObjectMap [

rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/current/averag
e/evaluation/{windturbine.timestamp}"

]
]

<#CurrentEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class seas:AverageEvaluation;

rr:class seas:CurrentEvaluation;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/current/averag
e/evaluation/{windturbine.timestamp}"

17
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rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.generator current";
rr:datatype cdt:electricCurrent

17

rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
pH"

]
1.

<#TorqueProperty> a rr:TriplesMap;

rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class plt:TorqueProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/torque/average

17

rr:predicateObjectMap [
rr:predicate rdfs:label ;
rr:objectMap [ rr:constant "windTurbine torque average" ]

17

rr:predicateObjectMap [

rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/torque/average
/evaluation/{windturbine.timestamp}"

]
]

<#TorqueEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
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rml:referenceFormulation gl:JSONPath;
rml:iterator "S$"

17

rr:subjectMap [

rr:class seas:AverageEvaluation;

rr:class plt:TorqueEvaluation;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/property/torque/average
/evaluation/{windturbine.timestamp}"
17

rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.generator torque";
rr:datatype cdt:energy

17

rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
p"

]
1.

<#StatorWindingTemperatureProperty> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "S$"

17

rr:subjectMap [

rr:class seas:TemperatureProperty;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/stator/statorwinding/pr
operty/temperature/average"

17

rr:predicateObjectMap [

rr:predicate rdfs:label ;

rr:objectMap [ rr:constant "stator winding temperature average"
]
1:

rr:predicateObjectMap [
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rr:predicate seas:evaluation ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/stator/statorwinding/pr
operty/temperature/average/evaluation/{windturbine.timestamp}"

]
]

<#StatorWindingTemperatureEvaluation> a rr:TriplesMap;
rml:logicalSource [
rml:source "pilotl windturbine simplejson.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17

rr:subjectMap [

rr:class seas:AverageEvaluation;

rr:class seas:TemperatureEvaluation;

rr:template
"http://engie.com/enershare/resource/windfarm/{windturbine.windfarm
id}/windturbine/{windturbine.windturbine id}/stator/statorwinding/pr
operty/temperature/average/evaluation/{windturbine.timestamp}"

17

rr:predicateObjectMap [
rr:predicate seas:evaluatedSimpleValue ;
rr:objectMap [
rml:reference "windturbine.stator winding temperature";
rr:datatype cdt:temperature

17

rr:predicateObjectMap [

rr:predicate seas:hasTemporalContext ;

rr:objectMap [

rr:termType rr:IRI;

rr:template
"http://engie.com/enershare/resource/timestamp/{windturbine.timestam
pH"

]
1.

Table 14: Output model (compliant with ENERSHARE's ontology) in Turtle

@prefix nsl: <https://w3id.org/seas/>

@prefix ns2: <https://w3id.org/platoon/>

@prefix ns3: <https://brickschema.org/schema/1.1/Brick#>
@prefix nsd: <http://www.w3.0rg/2006/time#>
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@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1> a ns2:Blade ;

rdfs:label "Blade Axis 1"

ns2:hasAveragePitchAngle
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/blade/1l/property/pitchangle/average> ;

nsl:subSystemOf
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator/stator/statorwinding> a ns2:StatorWinding ;

rdfs:label "StatorWinding" ;

ns2:hasAverageTemperature
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average> ;

nsl:subSystemOf
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator/stator>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1/property/pitchangle/average> a nsl:PitchAngleProperty ;
rdfs:label "Pitch Angle average"
nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/l/property/pitchangle/average/evaluation/2019 08 24t00:00:00
z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1/property/pitchangle/average/evaluation/2019 08 24t00:00:00
z> a nsl:AverageEvaluation ;
nsl:evaluatedSimpleValue "450
deg"""<http://w3id.org/lindt/custom datatypes#angle> ;
nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle> a ns2:Nacelle ;

rdfs:label "Nacelle"

ns2:hasAverageTemperature
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/property/temperature/average> ;

nsl:subSystemOf
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator> a ns2:Generator ;
rdfs:label "Generator"
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ns2:hasAverageActivePower
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/activepower/average> ;

ns2:hasAverageCurrent
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/current/average> ;

ns2:hasAverageTorque
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/torque/average> ;

nsl:subSystemOf
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator/stator> a ns2:Stator ;

rdfs:label "Stator" ;

nsl:subSystemOf
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/property/temperature/average> a nsl:TemperatureProperty ;
rdfs:label "nacelle temperature average" ;
nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/nacelle/property/temperature/average/evaluation/2019 08 24t00:00:0
0z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/nacelle/property/temperature/average/evaluation/2019 08 24t00:00:0
0z> a nsl:AverageEvaluation,
nsl:TemperatureEvaluation ;

nsl:evaluatedSimpleValue "27.54
Cel"""<http://w3id.org/lindt/custom datatypes#temperature> ;

nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/activepower/average> a nsl:ElectricPowerProperty ;
rdfs:label "windTurbine active power average"
nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/activepower/average/evaluation/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/activepower/average/evaluation/2019 08 24t00:00:00z> a
nsl:AverageEvaluation,
nsl:ElectricPowerEvaluation ;
nsl:evaluatedSimpleValue "495.7
kW"~~<http://w3id.org/lindt/custom datatypes#power> ;
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nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/current/average> a nsl:CurrentProperty ;

rdfs:label "windTurbine current average"

nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/current/average/evaluation/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/current/average/evaluation/2019 08 24t00:00:00z> a
nsl:AverageEvaluation,
nsl:CurrentEvaluation ;

nsl:evaluatedSimpleValue "417.18
A"~~<http://w3id.org/lindt/custom datatypes#electricCurrent> ;

nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/torque/average> a ns2:TorqueProperty ;

rdfs:label "windTurbine torque average" ;

nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/torque/average/evaluation/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/torque/average/evaluation/2019 08 24t00:00:00z> a
ns2:TorqueEvaluation,
nsl:AverageEvaluation ;

nsl:evaluatedSimpleValue "3370.42
N.m"~*<http://w3id.org/lindt/custom datatypes#energy> ;

nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/windspeed/average> a nsl:WindSpeedProperty ;

rdfs:label "wind speed average"

nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/windspeed/average/evaluation/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/windspeed/average/evaluation/2019 08 24t00:00:00z> a
nsl:AverageEvaluation ;
nsl:evaluatedSimpleValue "9.32
m/s"""<http://w3id.org/lindt/custom datatypes#speed> ;
nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>
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<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average> a
nsl:TemperatureProperty ;

rdfs:label "stator winding temperature average" ;

nsl:evaluation
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average/evaluation/2019
08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average/evaluation/2019
08 24t00:00:00z> a nsl:AverageEvaluation,
nsl:TemperatureEvaluation ;

nsl:evaluatedSimplevValue "27.54
Cel"""<http://w3id.org/lindt/custom datatypes#temperature> ;

nsl:hasTemporalContext
<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>

<http://engie.com/enershare/resource/windfarm/frbrt> a ns2:WindFarm

rdfs:label "FRBRT"

<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0> a ns2:0nshoreWindTurbine ;

rdfs:label "91840" ;

ns3:hasLocation
<http://engie.com/enershare/resource/windfarm/frbrt> ;

ns2:hasAverageWindSpeed
<http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/windspeed/average> ;

nsl:isMemberOf
<http://engie.com/enershare/resource/windfarm/frbrt>

<http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z>
a ns4:Instant ;
ns4:inXSDDateTime "2019-08-24T00:00:00+00:00"""xsd:dateTime

Table 15: Output model (compliant with ENERSHARE's ontology) in JSON-LD

"@context": {
"owl": "http://www.w3.0rg/2002/07/owl#",
"rdf": "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#",
"rdfs": "http://www.w3.0rg/2000/01/rdf-schema#",
"xsd": "http://www.w3.0rg/2001/XMLSchema#"

br

"@graph": [
{
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"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator/stator/statorwinding",

"@type": "https://w3id.org/platoon/StatorWinding",
"https://w3id.org/platoon/hasAverageTemperature": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average"

br

"https://w3id.org/seas/subSystemOf": {

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator/stator"

br
"rdfs:label": "StatorWinding"
by
{
"@id": "http://engie.com/enershare/resource/windfarm/frbrt",
"Qtype": "https://w3id.org/platoon/WindFarm",
"rdfs:label": "FRBRT"
by
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle",

"Qtype": "https://w3id.org/platoon/Nacelle",
"https://w3id.org/platoon/hasAverageTemperature": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/property/temperature/average"

by

"https://w3id.org/seas/subSystemOf": {

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O"

b,
"rdfs:label": "Nacelle"
}y
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1/property/pitchangle/average",

"Qtype": "https://w3id.org/seas/PitchAngleProperty",
"https://w3id.org/seas/evaluation™: {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1/property/pitchangle/average/evaluation/2019 08 24t00:00:00

Z"

}y

"rdfs:label": "Pitch Angle average"
by
{
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"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/current/average",

"@type": "https://w3id.org/seas/CurrentProperty",
"https://w3id.org/seas/evaluation": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/current/average/evaluation/2019 08 24t00:00:00z"
br
"rdfs:label": "windTurbine current average"
by
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1",

"Qtype": "https://w3id.org/platoon/Blade",
"https://w3id.org/platoon/hasAveragePitchAngle": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1/property/pitchangle/average"

by

"https://w3id.org/seas/subSystemOf": {

"eid":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O"

by
"rdfs:label": "Blade Axis 1"
}y
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/property/temperature/average",

"Qtype": "https://w3id.org/seas/TemperatureProperty",
"https://w3id.org/seas/evaluation™: {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/nacelle/property/temperature/average/evaluation/2019 08 24t00:00:0
OZ"

br

"rdfs:label": "nacelle temperature average"

b,
{

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/activepower/average/evaluation/2019 08 24t00:00:00z",

"Qtype": [

"https://w3id.org/seas/AverageEvaluation",
"https://w3id.org/seas/ElectricPowerEvaluation"

1,

"https://w3id.org/seas/evaluatedSimplevValue": {

"@type": "http://w3id.org/lindt/custom datatypes#power",
"@value": "495.7 kwW"
}y
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"https://w3id.org/seas/hasTemporalContext": {
"@id":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
}
by
{

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/stator/statorwinding/property/temperature/average/evaluation/2019
08 24t00:00:00z",

"Qtype": [

"https://w3id.org/seas/AverageEvaluation",

"https://w3id.org/seas/TemperatureEvaluation"
I
"https://w3id.org/seas/evaluatedSimpleValue": {

"Qtype":
"http://w3id.org/lindt/custom datatypes#temperature",
"@value": "27.54 Cel"

}y
"https://w3id.org/seas/hasTemporalContext": {
"@id":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
}
}y
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/torque/average",

"@type": "https://w3id.org/platoon/TorqueProperty",
"https://w3id.org/seas/evaluation": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/torque/average/evaluation/2019 08 24t00:00:00z"

br

"rdfs:label": "windTurbine torque average"

br
{

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/nacelle/property/temperature/average/evaluation/2019 08 24t00:00:0
OZ",

"@type": [

"https://w3id.org/seas/TemperatureEvaluation",
"https://w3id.org/seas/AverageEvaluation"

I

"https://w3id.org/seas/evaluatedSimplevValue": {

"@type":
"http://w3id.org/lindt/custom datatypes#temperature",
"@value": "27.54 Cel"

br
"https://w3id.org/seas/hasTemporalContext": {
"@id":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
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}
b
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average",

"@type": "https://w3id.org/seas/TemperatureProperty",
"https://w3id.org/seas/evaluation™: {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/stator/statorwinding/property/temperature/average/evaluation/2019
08 24t00:00:00z"
br
"rdfs:label": "stator winding temperature average"
by
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/activepower/average",

"Qtype": "https://w3id.org/seas/ElectricPowerProperty",
"https://w3id.org/seas/evaluation": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O/property/activepower/average/evaluation/2019 08 24t00:00:00z"
by
"rdfs:label": "windTurbine active power average"
}y
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
o",

"Qtype": "https://w3id.org/platoon/OnshoreWindTurbine",
"https://brickschema.org/schema/1l.1/Brick#hasLocation": {
"@id": "http://engie.com/enershare/resource/windfarm/frbrt"

b,
"https://w3id.org/platoon/hasAverageWindSpeed": {

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/windspeed/average"

b,
"https://w3id.org/seas/isMemberOf": {

"@id": "http://engie.com/enershare/resource/windfarm/frbrt"
br
"rdfs:label": "91840"
br
{
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/blade/1/property/pitchangle/average/evaluation/2019 08 24t00:00:00
Z",
"@type": "https://w3id.org/seas/AverageEvaluation",
"https://w3id.org/seas/evaluatedSimpleValue": {
"@type": "http://w3id.org/lindt/custom datatypes#angle",
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"@value": "450 deg"
br
"https://w3id.org/seas/hasTemporalContext": {
"@id":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
}
br
{

"@id":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
4

"Qtype": "http://www.w3.0rg/2006/time#Instant",

"http://www.w3.0rg/2006/time#inXSDDateTime": ({

"Qtype": "xsd:dateTime",
"@value": "2019-08-24T00:00:00+00:00"

}

br
{

"eid":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/windspeed/average/evaluation/2019 08 24t00:00:00z",

"Qtype": "https://w3id.org/seas/AverageEvaluation",

"https://w3id.org/seas/evaluatedSimplevValue": {

"@type": "http://w3id.org/lindt/custom datatypes#speed",
"@value": "9.32 m/s"
by
"https://w3id.org/seas/hasTemporalContext": {
"eid":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
}
by
{

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/windspeed/average",

"Qtype": "https://w3id.org/seas/WindSpeedProperty",
"https://w3id.org/seas/evaluation™: {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/windspeed/average/evaluation/2019 08 24t00:00:00z"
b
"rdfs:label": "wind speed average"
b
{

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/current/average/evaluation/2019 08 24t00:00:00z",

"Qtype": [

"https://w3id.org/seas/AverageEvaluation",
"https://w3id.org/seas/CurrentEvaluation"

1,

"https://w3id.org/seas/evaluatedSimpleValue": {
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"Qtype":
"http://w3id.org/lindt/custom datatypes#electricCurrent”,
"@value": "417.18 A"

br
"https://w3id.org/seas/hasTemporalContext": {
"@id":
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"
}
br
{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator",

"@type": "https://w3id.org/platoon/Generator",
"https://w3id.org/platoon/hasAverageActivePower": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/activepower/average"

br

"https://w3id.org/platoon/hasAverageCurrent": {

"@id" :
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/current/average"

br

"https://w3id.org/platoon/hasAverageTorque": {

"@id" :
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/property/torque/average"

br

"https://w3id.org/seas/subSystemOf": {

"@id" :
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle"

br

"rdfs:label": "Generator"

b,
{

"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
O0/property/torque/average/evaluation/2019 08 24t00:00:00z",

"Qtype": [

"https://w3id.org/seas/AverageEvaluation",

"https://w3id.org/platoon/TorqueEvaluation"

1,

"https://w3id.org/seas/evaluatedSimplevValue": {

"@type": "http://w3id.org/lindt/custom datatypes#energy",

"@value": "3370.42 N.m"

br

"https://w3id.org/seas/hasTemporalContext": {

"@id" :
"http://engie.com/enershare/resource/timestamp/2019 08 24t00:00:00z"

}

},
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{
"@id":
"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator/stator",

"Qtype": "https://w3id.org/platoon/Stator",
"https://w3id.org/seas/subSystemOf": {
"@id":

"http://engie.com/enershare/resource/windfarm/frbrt/windturbine/9184
0/nacelle/generator"

b
"rdfs:label": "Stator"

]
}

End process

Process finished with exit code 0

8.2 Datacompliance example

Example to check the compliance of the generated model (Table 15) with
ENERSHARE's ontology using the Shapes file in Table 16.

curl -X 'POST' \
"http://XXX.XX.XX.XX:XXXX/complianceService/validateFile?jsonld_file_url=https%3A%2F%
2Fgit.code.tecnalia.com%2Fopen%2Fenershare%2F-
%2Fraw%2Fmain%2Fmappings%2Fpilotl_windturbine_generated.jsonld&shacl_file_url=https%3

A%2F%2Fgit.code.tecnalia.com%2Fopen%2Fenershare%2F-
%2Fraw%2Fmain%2Fshacl%2Fpilotl_anomaly_detection_input.shacl.ttl"' \
-H "accept: application/json' \
d

Table 16: Shapes file (in SHACL language) to check the compliance of the data mode

@prefix sh: <http://www.w3.org/ns/shacl#>

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
@prefix plt: <https://w3id.org/platoon/>

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>

@prefix ontowind:
<http://www.semanticweb.org/ontologies/2011/9/0Ontologyl1318785573683.
owl#>

@prefix seas: <https://w3id.org/seas/>

@prefix brick: <https://brickschema.org/schema/1.1/Brick#>

@prefix cdt: <http://w3id.org/lindt/custom datatypes#>

@prefix time: <http://www.w3.0rg/2006/time#>

@prefix ener: <https://enershare.eu/shapes/pl#>
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ener:WindFarmShape
a sh:NodeShape ;
sh:property [
sh:path rdfs:label ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;
1
sh:targetClass plt:WindFarm, ontowind:WindPowerPlant

ener:WindFarmCountShape
a sh:NodeShape ;
sh:targetNode plt:WindFarm ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;

]

ener:WindTurbineShape
a sh:NodeShape ;
sh:property [
sh:path rdfs:1label ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;
1
sh:property [
sh:path seas:isMemberOf ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:property [
sh:path brick:hasLocation ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:property [
sh:path plt:hasAverageWindSpeed ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:targetClass plt:0OnshoreWindTurbine

ener:BladeShape
a sh:NodeShape ;
sh:property [
sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
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]

]

]

]

]

]

]

]

sh:datatype xsd:string ;

’

sh:property [

sh:path seas:subSystemOf ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

’

sh:property [

sh:path plt:hasAveragePitchAngle ;
sh:minCount 1 ;

sh:maxCount 1 ;

sh:nodeKind sh:IRI ;

’

sh:targetClass plt:Blade

ener:NacelleShape
a sh:NodeShape ;
sh:property [

sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

’

sh:property [

sh:path seas:subSystemOf ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

’

sh:property [

sh:path plt:hasAverageTemperature ;
sh:minCount 1 ;

sh:maxCount 1 ;

sh:nodeKind sh:IRI ;

’

sh:targetClass plt:Nacelle

ener:GeneratorShape
a sh:NodeShape ;
sh:property [

sh:path rdfs:1label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

’

sh:property [

sh:path seas:subSystemOf ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

’

sh:property [

* Kk
*

*
*og K

Enershare has received funding from European Union's Horizon Europe
Research and Innovation programme under the Grant Agreement No 101069831

144


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en

Enershare os:-enersiare interoperability building blocks - Beta version

sh:path plt:hasAverageActivePower ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:property [
sh:path plt:hasAverageCurrent ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:property [
sh:path plt:hasAverageTorque ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:targetClass plt:Generator

ener:StatorShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:1label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:subSystemOf ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass plt:Stator

ener:StatorWindingShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:1label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:subSystemOf ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:property [
sh:path plt:hasAverageTemperature ;
sh:minCount 1 ;
sh:maxCount 1 ;
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sh:nodeKind sh:IRI ;
1
sh:targetClass plt:StatorWinding

ener:WindSpeedPropertyShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:evaluation ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass seas:WindSpeedProperty

ener:WindSpeedEvaluationShape

a sh:NodeShape ;

sh:property [
sh:path seas:evaluatedSimpleValue ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype cdt:speed ;

1

sh:property [
sh:path seas:hasTemporalContext ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass seas:WindSpeedEvaluation

ener:WindSpeedPropertyCountShape
a sh:NodeShape ;
sh:targetNode seas:WindSpeedProperty ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;

]

ener:TemporalContextShape
a sh:NodeShape ;
sh:property [
sh:path time:inXSDDateTime ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype xsd:dateTime ;
1

sh:targetClass time:Instant
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ener:ElectricPowerPropertyShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:evaluation ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass seas:ElectricPowerProperty

ener:ElectricPowerEvaluationShape

a sh:NodeShape ;

sh:property [
sh:path seas:evaluatedSimpleValue ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype cdt:power ;

1

sh:property [
sh:path seas:hasTemporalContext ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass seas:ElectricPowerEvaluation

ener:ElectricPowerPropertyCountShape
a sh:NodeShape ;
sh:targetNode seas:ElectricPowerProperty ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;

]

ener:CurrentPropertyShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:evaluation ;
sh:minCount 1 ;
sh:maxCount 1 ;
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sh:nodeKind sh:IRI ;
1
sh:targetClass seas:CurrentProperty

ener:CurrentEvaluationShape
a sh:NodeShape ;
sh:property [
sh:path seas:evaluatedSimpleValue ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype cdt:electricCurrent ;
1
sh:property [
sh:path seas:hasTemporalContext ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1

sh:targetClass seas:CurrentEvaluation

ener:CurrentPropertyCountShape
a sh:NodeShape ;
sh:targetNode seas:CurrentProperty ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;

]

ener:TorquePropertyShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:1label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:evaluation ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass plt:TorqueProperty

ener:TorqueEvaluationShape

a sh:NodeShape ;

sh:property [
sh:path seas:evaluatedSimpleValue ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype cdt:energy ;

1

sh:property [
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sh:path seas:hasTemporalContext ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;
1
sh:targetClass plt:TorqueEvaluation

ener:TorquePropertyCountShape
a sh:NodeShape ;
sh:targetNode plt:TorqueProperty ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;

]

ener:PitchAnglePropertyShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

1

sh:property [
sh:path seas:evaluation ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass plt:PitchAngleProperty

ener:PitchAngleEvaluationShape

a sh:NodeShape ;

sh:property [
sh:path seas:evaluatedSimpleValue ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype cdt:angle ;

1

sh:property [
sh:path seas:hasTemporalContext ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass plt:PitchAngleEvaluation

ener:PitchAnglePropertyCountShape
a sh:NodeShape ;
sh:targetNode seas:PitchAngleProperty ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;
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]

ener:TemperaturePropertyShape

a sh:NodeShape ;

sh:property [
sh:path rdfs:label ;
sh:minCount 0 ;
sh:maxCount 1 ;
sh:datatype xsd:string ;

17

sh:property [
sh:path seas:evaluation ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

17

sh:targetClass seas:TemperatureProperty

ener:TemperatureEvaluationShape

a sh:NodeShape ;

sh:property [
sh:path seas:evaluatedSimpleValue ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype cdt:temperature ;

1

sh:property [
sh:path seas:hasTemporalContext ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:nodeKind sh:IRI ;

1

sh:targetClass seas:TemperatureEvaluation

ener:TemperatureEvaluationPropertyShape
a sh:NodeShape ;
sh:targetNode seas:TemperatureEvaluation ;
sh:property [
sh:path [ sh:inversePath rdf:type ] ;
sh:minCount 1 ;
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