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Foreword
How to read the document?

This document describes the Al NSPI RE dat a s pnergyi Resotiraes ii oTechnicah
Gu i d e lvérsioa 3.Mas developed by the Thematic Working Group (TWG) Energy Resources using
both natural and a conceptual schema language.

The data specification is based on a common template1 used for all data specifications, which has
been harmonised using the experience from the development of the Annex I, Il and Il data
specifications.

This document provides guidelines for the implementation of the provisions laid down in the
Implementing Rule for spatial data sets and services of the INSPIRE Directive. It also includes
additional requirements and recommendations that, although not included in the Implementing Rule,
are relevant to guarantee or to increase data interoperability.

Two executive summaries provide a quick overview of the INSPIRE data specification process in
general, and the content of the data specification on Energy Resources in particular. We highly
recommend that managers, decision makers, and all those new to the INSPIRE process and/or
information modelling should read these executive summaries first.

The UML diagrams (in Chapter 5) offer a rapid way to see the main elements of the specifications and
their relationships. The definition of the spatial object types, attributes, and relationships are included
in the Feature Catalogue (also in Chapter 5). People having thematic expertise but not familiar with
UML can fully understand the content of the data model focusing on the Feature Catalogue. Users
might also find the Feature Catalogue especially useful to check if it contains the data necessary for
the applications that they run. The technical details are expected to be of prime interest to those
organisations that are responsible for implementing INSPIRE within the field of Energy Resources, but
also to other stakeholders and users of the spatial data infrastructure.

The technical provisions and the underlying concepts are often illustrated by examples. Smaller
examples are within the text of the specification, while longer explanatory examples and descriptions
of selected use cases are attached in the annexes.

In order to distinguish the INSPIRE spatial data themes from the spatial object types, the INSPIRE
spatial data themes are written in italics.

The document will be piplalpiealdoy duvaidloels!l enoas raep
the European Commission, and as such cannot be invoked in the context of legal procedures.

Legal Notice

Neither the European Commission nor any person acting on behalf of the Commission is responsible
for the use which might be made of this publication.

'The common document template is available in
specifications web page at http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2
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Interoperability of Spatial Data Sets and Services 1
General Executive Summary

The challenges regarding the lack of availability, quality, organisation, accessibility, and sharing of
spatial information are common to a large number of policies and activities and are experienced
across the various levels of public authority in Europe. In order to solve these problems it is necessary
to take measures of coordination between the users and providers of spatial information. The Directive
2007/2/EC of the European Parliament and of the Council adopted on 14 March 2007 aims at
establishing an Infrastructure for Spatial Information in the European Community (INSPIRE) for
environmental policies, or policies and activities that have an impact on the environment.

INSPIRE is based on the infrastructures for spatial information that are created and maintained by the
Member States. To support the establishment of a European infrastructure, Implementing Rules
addressing the following components of the infrastructure have been specified: metadata,
interoperability of spatial data sets (as described in Annexes |, Il, Il of the Directive) and spatial data
services, network services, data and service sharing, and monitoring and reporting procedures.

INSPIRE does not require collection of new data. However, after the period specified in the Directive?
Member States have to make their data available according to the Implementing Rules.

Interoperability in INSPIRE means the possibility to combine spatial data and services from different
sources across the European Community in a consistent way without involving specific efforts of
humans or machin e s . It is I mportant to note that Aint
spatial data sets through network services, typically via Internet. Interoperability may be achieved by
either changing (harmonising) and storing existing data sets or transforming them via services for
publication in the INSPIRE infrastructure. It is expected that users will spend less time and efforts on
understanding and integrating data when they build their applications based on data delivered in
accordance with INSPIRE.

In order to benefit from the endeavours of international standardisation bodies and organisations
established under international law their standards and technical means have been utilised and
referenced, whenever possible.

To facilitate the implementation of INSPIRE, it is important that all stakeholders have the opportunity
to participate in specification and development. For this reason, the Commission has put in place a
consensus building process involving data users, and providers together with representatives of
industry, research and government. These stakeholders, organised through Spatial Data Interest
Communities (SDIC) and Legally Mandated Organisations (LMO)®, have provided reference materials,
participated in the user requirement and technical® surveys, proposed experts for the Data
Specification Drafting Team®, the Thematic Working Groups® and other ad-hoc cross-thematic
technical groups and participated in the public stakeholder consultations on draft versions of the data

% For all 34 Annex I, and Ill data themes: within two years of the adoption of the corresponding
Implementing Rules for newly collected and extensively restructured data and within 5 years for other
data in electronic format still in use

% The current status of registered SDICs/LMOs is available via INSPIRE website:
http://inspire.jrc.ec.europa.eu/index.cfm/pageid/42

* Surveys on unique identifiers and usage of the elements of the spatial and temporal schema,

® The Data Specification Drafting Team has been composed of experts from Austria, Belgium, Czech
Republic, France, Germany, Greece, lItaly, Netherlands, Norway, Poland, Switzerland, UK, and the
European Environment Agency

® The Thematic Working Groups have been composed of experts from Austria, Australia, Belgium,
Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Latvia,
Netherlands, Norway, Poland, Romania, Slovakia, Spain, Slovenia, Sweden, Switzerland, Turkey, UK,
the European Environment Agency and the European Commission.

eroper a
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specifications. These consultations covered expert reviews as well as feasibility and fitness-for-
purpose testing of the data specifications7.

This open and participatory approach was successfully used during the development of the data
specifications on Annex |, Il and Ill data themes as well as during the preparation of the Implementing
Rule on Interoperability of Spatial Data Sets and Services® for Annex | spatial data themes and of its
amendment regarding the themes of Annex Il and .

The development framework elaborated by the Data Specification Drafting Team aims at keeping the
data specifications of the different themes coherent. It summarises the methodology to be used for the
development of the data specifications, providing a coherent set of requirements and
recommendations to achieve interoperability. The pillars of the framework are the following technical
documents®:

1 The Definition of Annex Themes and Scope describes in greater detail the spatial data
themes defined in the Directive, and thus provides a sound starting point for the thematic
aspects of the data specification development.

I The Generic Conceptual Model defines the elements necessary for interoperability and
data harmonisation including cross-theme issues. It specifies requirements and
recommendations with regard to data specification elements of common use, like the
spatial and temporal schema, unique identifier management, object referencing, some
common code lists, etc. Those requirements of the Generic Conceptual Model that are
directly implementable are included in the Implementing Rule on Interoperability of Spatial
Data Sets and Services.

1 The Methodology for the Development of Data Specifications defines a repeatable
methodology. It describes how to arrive from user requirements to a data specification
through a number of steps including use-case development, initial specification
development and analysis of analogies and gaps for further specification refinement.

1 The Guidelines for the Encoding of Spatial Data defines how geographic information can
be encoded to enable transfer processes between the systems of the data providers in
the Member States. Even though it does not specify a mandatory encoding rule it sets
GML (ISO 19136) as the default encoding for INSPIRE.

1 The Guidelines for the use of Observations & Measurements and Sensor Web
Enablement-related standards in INSPIRE Annex Il and Il data specification development

provides guidelines on howthe i Ob s er vat i ons a nstanddred S0uUl®186he nt s O

is to be used within INSPIRE.

i The Common data models are a set of documents that specify data models that are
referenced by a number of different data specifications. These documents include generic
data models for networks, coverages and activity complexes.

The structure of the data specifications is based onthe il SO 19131 Geogr aDatad
product specificationso standar d. Th e pplicatiorcscherdag
the spatial object types with their properties, and other specifics of the spatial data themes using
natural language as well as a formal conceptual schema Ianguagelo.

" For Annex lI+l1l, the consultation and testing phase lasted from 20 June to 21 October 2011.

8 Commission Regulation (EU) No 1089/2010 implementing Directive 2007/2/EC of the European
Parliament and of the Council as regards interoEerabiIity of spatial data sets and services, published in
the Official Journal of the European Union on 8" of December 2010.

® The framework documents are available in the i Fr ame wor k document so
sg)ecifications web page at http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2

YUMLT Unified Modelling Language

c
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A consolidated model repository, feature concept dictionary, and glossary are being maintained to
support the consistent specification development and potential further reuse of specification elements.
The consolidated model consists of the harmonised models of the relevant standards from the 1SO
19100 series, the INSPIRE Generic Conceptual Model, and the application schemas'* developed for
each spatial data theme. The multilingual INSPIRE Feature Concept Dictionary contains the definition
and description of the INSPIRE themes together with the definition of the spatial object types present
in the specification. The INSPIRE Glossary defines all the terms (beyond the spatial object types)
necessary for understanding the INSPIRE documentation including the terminology of other
components (metadata, network services, data sharing, and monitoring).

By listing a number of requirements and making the necessary recommendations, the data
specifications enable full system interoperability across the Member States, within the scope of the
application areas targeted by the Directive. The data specifications (in their version 3.0) are published
as technical guidelines and provide the basis for the content of the Implementing Rule on
Interoperability of Spatial Data Sets and Services'®. The content of the Implementing Rule is extracted
from the data specifications, considering short- and medium-term feasibility as well as cost-benefit
considerations. The requirements included in the Implementing Rule are legally binding for the
Member States according to the timeline specified in the INSPIRE Directive.

In addition to providing a basis for the interoperability of spatial data in INSPIRE, the data specification
development framework and the thematic data specifications can be reused in other environments at
local, regional, national and global level contributing to improvements in the coherence and
interoperability of data in spatial data infrastructures.

1 Conceptual models related to specific areas (e.g. INSPIRE themes)
2 |n the case of the Annex II+I data specifications, the extracted requirements are used to formulate
an amendment to the existing Implementing Rule.
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Energy Resources T Executive Summary

Purpose

The INSPIRE Directive (2007/2/EC) defines the spatial data theme Energy Resourcesa s t BHnergy i
Resources including hydrocarbons, hydropower, bio-energy, solar, wind, etc., where relevant
including depth/height information on the extent of the resource.0Energy Resources are included

in Annex Il with the aim of providing an essential thematic frame, allowing for the exchange of Energy
Resources related spatial information across Europe in an interoperable way.

The effective planning and utilisation of energy resources is essential given that the availability of non-
renewable energy resources is in decline and there is, as yet, limited utilisation of renewable energy
resources. Also, given the growing global energy consumption increasing the dependency of society
on energy as a whole, the sharing of data, both nationally and internationally, within a harmonised
structure is critical.

The Energy Resources theme covers the mapping of historic, current and future energy resources
covering the entire lifecycle of Energy Resources, irrespective of its viability in terms of economic,
social and technological aspects. It takes into account resources that are depleted due to exploitation
in the past and resources currently not viable but may become so in the future. Information about
location and the potential of Energy Resources have a significant impact on the environment. This
impact can have both positive and negative implications; therefore appropriate knowledge about the
extent, distribution and volumes of the resources is of great value.

The main purpose therefore of this specification is to allow identification of geographical locations of
each type of Energy Resource, providing information about their extent, distribution and volume
(where possible and relevant) of the resource and also in providing relevant links to the other related
domains.

The provision and implementation of this harmonised data specification should significantly contribute
to the main priorities, targets and flagship initiatives of Europe 2020 strategy13 within the mechanisms
of establishing a European spatial data infrastructure.

Assumptions

The data specification scope is delineated by the theme definition and further elaborated, taking into
consideration reference material and use cases provided by the stakeholders as well as identified by
the members of the INSPIRE Thematic Working Group for Energy Resources (TWG ER). In addition,
the document also reflects the contribution from public consultation and testing of the Data
Specification of Energy Resources.

Detailed interpretation and description of the Energy Resources theme is transposed to the core of the
data specification with possible extensions for specific sub-domain or national needs. The entire
concept of the data specification is based on modelling needs to cover existing and potential Energy
Resources. With this, a distinction between non-renewable (fossil fuels), renewable and waste Energy
Resources had to be taken into consideration. Since in the real world certain types of Energy
Resources occur as discrete features whilst other types are present everywhere, the need arises to
model both feature as well as coverage spatial data representations.

A significant part of the detailed information under the domain covered by this theme falls within the
private sector therefore aggregations and overview data are a focus of this data specification.
Nevertheless, where possible, this data specification retains the possibility to exchange detailed
information at a local level.

'3 Europe 2020 Strategy (http://ec.europa.eu/europe2020/priorities/sustainable-growth/index_en.htm)
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Finally, in some cases a single feature can represent both an Energy Resource as a spatial object
defined in another INSPIRE theme. This data specification provides information how to ensure
consistency and reduce multiplicities where cross-theme interrelationships exist.

Future

The main value of the INSPIRE Energy Resources data specification is in providing the framework for
Energy Resources related spatial data exchange. In addition this framework is characterised by its
versatile yet flexible structure. Data providers are thus able to publish their existing data in the most
convenient way and users can easily discover, evaluate and use appropriate data for their specific
needs. As soon as new generic or theme specific needs and requirements are identified, appropriate
activities within the framework of INSPIRE implementation and maintenance™ will have to take place.

4 Proposal for INSPIRE Maintenance and Implementation (http:/bit.ly/Jj4gQT)
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1 Scope

This document specifies a harmonised data specification for the spatial data theme Energy Resources as
defined in Annex Ill of the INSPIRE Directive.

This data specification provides the basis for the drafting of Implementing Rules according to Article 7 (1)
of the INSPIRE Directive [Directive 2007/2/EC]. The entire data specification is published as
implementation guidelines accompanying these Implementing Rules.

2 Overview

2.1 Name

INSPIRE data specification for the theme Energy Resources.

2.2 Informal description

Definition:
Energy resources including hydrocarbons, hydropower, bio-energy, solar, wind, etc., where relevant
including depth/height information on the extent of the resource. [Directive 2007/2/EC]

Description:
At a high level, and within the INSPIRE context, Energy Resources are features defining an inferred or

observable spatial extent of a resource that can be, or has been, used as a source of energy [DER 2011].

The central concept of this theme is to provide a means for distributing and exchanging information on the
spatial extent and type or classification of previous, current or potential sources of energy. Knowing the
spatial representation and location of energy resources will allow data providers to provide information
about the resource type, the quantification of the resource, the level of resource utilisation and a unified
approach for units of measurement to data users.

There are different approaches to describe spatial features representing various types of Energy
Resources. On the one hand the occurrence of Energy Resources can be considered as discrete, well-
defined features, on the other hand properties of Energy Resources, and in particular renewable energy,
can be assessed in a continuous way within a domain of interest. As a consequence of these two
different approaches this specification covers both feature as well as coverage spatial data
representations.

2.2.1 Theimportance of the Energy Resources Theme

Despite the occurrence of economic recessions, growing global energy consumption increases the
dependency of society on energy as a whole. Whilst seeking solutions as to where and how to explore for
alternative energy resources, it is important to keep in mind the need to deal with this increasing
dependency now and in the future by using energy resources efficiently and by creating new or
implementing existing initiatives. Moreover, the effective utilisation of energy resources is essential given
that the availability of non-renewable energy resources is in decline and there is, as yet, limited utilisation
of renewable energy resources.

The data specification for Energy Resources provides the mechanism to exchange and compare energy
resources related information defined within a spatial context. By creating a standards based data-sharing
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model, wider and more complex dependencies placed upon energy resources and their related activities
in different countries will be able to be identified. It will also provide an overview of the state of play of
energy resources within the wider European context.

2.2.2 Scope of the Energy Resources Theme

The Energy Resources theme covers the mapping of historic, current and future energy resources
alongside their primary characteristics. The concept of this theme is to provide focus to the resource
aspect and the extent and distribution of the resources whilst also addressing aggregate information on
energy statistics.

This theme covers the entire lifecycle of Energy Resources, irrespective of its viability in terms of
economic, social and technological aspects. It takes into account resources that are depleted due to
exploitation in the past and resources currently not viable but may become so in the future.

Energy resources are commonly divided into two main types: Primary and Secondary Energy. Primary
energy is either extracted or captured directly from natural resources (such as coal, crude oil, wind or
solar radiation) whereas Secondary energy (Energy Carriers) is the result of a conversion of primary or
secondary energy types (see Figure 1). Electricity is one of the most common secondary energy types,
being transformed from various primary energy sources such as coal, oil, natural gas, and wind. Although
within the INSPIRE context only Primary Energy Resources are considered, links to the secondary
energy form are allowed for through the connection via statistics.

Nuclear etc.

Primary energy Secondary energy
Crude oil, Hard Petroleum _4| I".I
Coal, NGLs, products, \
Natural Gas, ey |-¥| manufactured solid I |
fuels and gases etc.  E—

T To \
- Electricity and heat e . |
: consumption |

Waste >

Transformation

Biomass, wind, | - A Bio fuels etc.
hydro, tide etc. ‘

.

Figure 11 Transformation from Primary to Secondary Energy (Statistics Norway, 2008)

Considering the INSPIRE definition as well as the scope of the remaining INSPIRE themes, this theme
addresses each of the subcategories of primary energy resources: non-renewable resources, renewable
resources and waste.

1 Non-renewables: Natural resources which, due to long-term formation, cannot be produced,
grown, generated, or used on a scale which can sustain its consumption rate. These resources,
also known as fossil fuels (crude oil, coal, natural gas) and nuclear fuels, exist in a fixed amount,
or are consumed much faster than nature can replenish them.

1 Renewables: Naturally occurring and theoretically inexhaustible source of energy that is not
derived from fossil or nuclear fuel. Renewable resources are widely abundant all over the Earth,
but their energy intensity per unit area is typically smaller compared to hon-renewable resources.


http://en.wikipedia.org/wiki/Natural_resource
http://en.wikipedia.org/wiki/Sustainable
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These resources comprise for instance wind, solar, hydropower and geothermal resources that
may produce heat, (non-thermal) electricity and biofuels.

1 Waste is a fuel that may consist of many different materials coming from combustible industrial,
institutional, hospital and household wastes such as rubber, plastics, waste fossil oils and other
similar commodities. It is either solid or liquid in form, renewable or non-renewable,
biodegradable or non-biodegradable.

Given that Nuclear fuels (Uranium and Thorium) are excluded from the energy resource types (see 2.2.3)
and are modelled within the Mineral Resources data specification, this data specification addresses only
the fossil fuel element of the non-renewable resources.

1 Fossil Fuels are a form of non-renewable primary energy formed by natural processes such as

the anaerobic decomposition of buried dead organisms. Fossil fuels contain high percentages of
carbon and include coal, crude oil, and natural gas.

fe—— primary ——»|
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T = Coals
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Figure 2 - Scope delineation of the theme (Energy Statistics Manual, OECD/IEA, 2004)

2.2.3 Limits to the scope of the theme

Considering the INSPIRE definition of this theme scope the following exclusions have been made:

1 Secondary Energy Types e.g. electricity, are not included within this theme.

1 Energy use e.g. petrol consumption is not included within this theme.

9 Smart grids have been assessed but regarded as not relevant for this theme.

9 Storage of energy resources based on natural constructions (lakes for hydro, or empty natural
reservoirs) have been assessed but regarded as not relevant for this theme.

1 Underground Coal Gasification (UCG) has not been explicitly defined within this theme since all
coal resource areas are potentially UCG sites.

The Energy Resources theme definition is broad reaching and as such has correlations with other
INSPIRE themes. Each correlation was assessed for inclusion within this theme on the basis of whether
another theme had more significant relevance for the feature concerned and where duplication would be
the least. Following discussions with the relevant Thematic Working Groups, it was concluded that the
following features would not be covered within the Energy Resource theme. More information can be

obtained within Chapter 5.


http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Coal
http://en.wikipedia.org/wiki/Petroleum
http://en.wikipedia.org/wiki/Natural_gas
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1 Uranium and Thorium as energy resource types are modelled within the Mineral Resources data
specification. These elements are exploited together with other minerals and therefore more
relevant to the Mineral Resources Data Specification.

1 The technical constructions for abstraction, transport and treatment, these are largely covered by
Production and Industrial Facilities.

1 Basic data for wind and temperature distributions are modelled within the Atmospheric Conditions
data specification.

1 Hydro-power plants are a candidate type inherited from the Annex | Hydrography specification. It
was decided that this feature is not within the scope of this theme.

1 Aerothermal energy resource is covered by the Atmospheric Conditions theme.

1 Although an energy resource type of biogas can be derived from a landfill feature type (currently
modelled within Production and Industrial Facilities), biogas is retained within the Energy
Resources code lists in order that it is possible to define a future area of interest with an estimation
of the energy production value.

2.2.4 Data specification process

This Data Specification is defined following the requirements of the INSPIRE Directive and the
Commission Regulation implementing Directive 2007/2/EC of the European Parliament and of the Council
with regards to the interoperability of spatial data sets and services. The INSPIRE data specification on
Energy Resources was prepared following the participatory process of consensus building. The
stakeholders, based on their registration as Spatial Data Interest Communities (SDICs) or Legally
Mandated Organisations (LMOs)l had the opportunity to bring forward user requirements and reference
materials. They also proposed experts for the Thematic Working Groups (TWGS) responsible for the
specification development and participated in the consultation (review) and testing of the data
specifications. TWG ER was composed of experts from Belgium, Hungary, Netherlands, Norway, Spain,
Slovakia, the United Kingdom and the European Commission.

The specification process took place according to the methodology detailed for INSPIRE respecting the
requirements and the recommendations of the INSPIRE Generic Conceptual Model, which is one of the
elements that ensures a coherent approach and a cross theme consistency.

In order to delineate the scope of the energy resources theme, relevant legislative framework was
reviewed. This approach to reuse established information exchange agreements was chosen in order to
reduce any additional burden on the related communities. The most relevant guiding reference with
regard to Energy Resources in Europe is the Energy Statistics Regulation EC 1099/2008 which provides
generic domain coverage and a basis for the extent of the scope for the energy resources theme. Energy
statistics are often used to communicate energy resources related information to the various
communities.

Definition:
Energy resources including hydrocarbons, hydropower, bio-energy, solar, wind, etc., where relevant
including depth/height information on the extent of the resource.

Description:
Energy Resources in INSPRE covers historic, current and future energy resources and the entire lifecycle

of energy resources, irrespective of its viability in terms of economic, social and technological aspects. It
takes into account resources that are depleted due to exploitation in the past and resources currently not
viable but may become so in the future. Information about location and the potential of energy resources
have a significant impact on the environment. This impact can have both positive and negative
implications, therefore appropriate knowledge about the extent, distribution and volumes of the resources
is of great value.

There is a main distinction between fossil fuels and renewable energy resources. The concept of energy
resources provides focus to the resource aspect and the extent/distribution of the resources. Energy use,

'* INSPIRE Stakeholders (http://inspire.jrc.ec.europa.eu/index.cfm/pageid/42)
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e.g. petrol consumption, is not covered by this theme. Fossil fuel resources include oil accumulation,
natural gas accumulations, coal, lignite or peat deposits and Uranium ore deposits.

Renewable energy resources include Hydropower in which water resources mapped according to energy
potential.

Bio-energy resources contains forest resources, cereals or agricultural residues which can be used for
energy purposes, Wind energy - estimated by wind measurement together with topographical information.
Geothermal energy the natural heat flow is of high interest as a renewable and clean energy source.

Entry in the INSPIRE registry: http://inspire.ec.europa.eu/theme/ef/

2.3 Normative References

[Directive 2007/2/EC] Directive 2007/2/EC of the European Parliament and of the Council of 14 March
2007 establishing an Infrastructure for Spatial Information in the European
Community (INSPIRE)

[ISO 19107] EN ISO 19107:2005, Geographic Information i Spatial Schema

[ISO 19108] EN ISO 19108:2005, Geographic Information i Temporal Schema

[1ISO 19108-c] ISO 19108:2002/Cor 1:2006, Geographic Information i Temporal Schema, Technical
Corrigendum 1

[ISO 19111] EN ISO 19111:2007 Geographic information - Spatial referencing by coordinates (ISO
19111:2007)

[ISO 19113] EN ISO 19113:2005, Geographic Information i Quality principles
[ISO 19115] EN ISO 19115:2005, Geographic information i Metadata (ISO 19115:2003)
[ISO 19118] EN ISO 19118:2006, Geographic information i Encoding (ISO 19118:2005)

[ISO 19123] EN ISO 19123:2007, Geographic Information i Schema for coverage geometry and
functions

[ISO 19125-1]EN ISO 19125-1:2004, Geographic Information i Simple feature access i Part 1: Common
architecture

[ISO 19135] EN ISO 19135:2007 Geographic information i Procedures for item registration (ISO
19135:2005)

[ISO 19138] ISO/TS 19138:2006, Geographic Information i Data quality measures
[ISO 19139] ISO/TS 19139:2007, Geographic information i Metadata i XML schema implementation
[ISO 19157] ISO/DIS 19157, Geographic information i Data quality

[OGC 06-103r4] Implementation Specification for Geographic Information - Simple feature access i
Part 1: Common Architecture v1.2.1

NOTE This is an updated version of "EN ISO 19125-1:2004, Geographic information
i Simple feature access i Part 1: Common architecture".

[Regulation 1205/2008/EC] Regulation 1205/2008/EC implementing Directive 2007/2/EC of the
European Parliament and of the Council as regards metadata
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[Regulation 976/2009/EC] Commission Regulation (EC) No 976/2009 of 19 October 2009 implementing
Directive 2007/2/EC of the European Parliament and of the Council as
regards the Network Services

[Regulation 1089/2010/EC] Commission Regulation (EU) No 1089/2010 of 23 November 2010
implementing Directive 2007/2/EC of the European Parliament and of the
Council as regards interoperability of spatial data sets and services

[Regulation 1099/2008/EC] Commission Regulation (EC) No 1099/2008 of the European Parliament and
of the Council of 22 October 2008 on energy statistics of 22 October 2008

2.4 Terms and definitions

General terms and definitions helpful for understanding the INSPIRE data specification documents are
defined in the INSPIRE Glossary'®.

Specifically, for the theme Energy Resources, the following terms are defined:

(1) Energy resource
means a concentration or occurrence of an energy source which may have been present, is present or
may be present in the future.

(2) Fossil fuels

means a form of non-renewable primary energy formed by natural processes such as the anaerobic
decomposition of buried dead organisms, which contains high percentages of carbon and includes coal,
crude oil, and natural gas.

(3) Primary energy
means energy that has not been subjected to any conversion or transformation process.

(4) Non-renewable energy
means natural resources which, due to long-term formation, cannot be produced, grown, generated, or
used on a scale which can sustain its consumption rate.

(5) Energy from renewable sources

means energy from renewable non-fossil sources, namely wind, solar, aerothermal, geothermal,
hydrothermal and ocean energy, hydropower, biomass, landfill gas, sewage treatment plant gas and
biogasels7, in accordance with Article 2 of Directive 2009/28/EC of the European Parliament and of the
Council™".

(6) Waste as energy resources

means a fuel that may consist of many different materials coming from combustible industrial,
institutional, hospital and household waste such as rubber, plastics, waste fossil oils and other similar
commodities. It is either solid or liquid in form, renewable or non-renewable, biodegradable or non-
biodegradable.

2.5 Symbols and abbreviations

AAPG American Association of Petroleum Geologists
AONB Areas of Outstanding Natural Beauty
ATS Abstract Test Suite

'® The INSPIRE Glossary is available from http://inspire-registry.jrc.ec.europa.eu/registers/GLOSSARY
7 0J L 140, 5.6.2009, p. 16.
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CDP Couwnty Development Plan
CPV Concentrated Photovoltaics
CSP Concentrated Solar Power
DNI Direct Normal Irradiation / Direct Normal Irradiance
EC European Commission
EC European Commission
EEA European Energy Agency
EEA European Environmental Agency
EFG European Federation of Geologists
ER Energy Resources
ETRS European Terrestrial Reference System
ETRS89 European Terrestrial Reference System 1989
ETRS8RQAEA  Lambert Azimuthal Equal Area
EVRS European Vertical Reference System
GCM Generad Conceptual Model
GHI Global Horizontal Irradiance
GML Geography Markup Language
GSL Geological Society of London
IEA International Energy Agency
IGI Institute of Geologists of Ireland
INSPIRE Infrastructure for Spatial Information in the Eean Community
loM3 Institute of Materials, Minerals and Mining
IPCC Intergovernmental Panel on Climate Change
IR Implementing Rules
IR Implementing Rule
ISDSS Interoperability of Spatial Data Sets and Services
ISO International Organization fd8tandardization
ITRS International Terrestrial Reference System
JRC Joint Research Centre
LAT Lowest Astronomical Tide
LMO Legally Mandated Organisation
NPD Norwegian Petroleum Directorate
OECD Organisation for Economic @peration and Developnrd

PanEuropean Code for Reporting of Exploration Results, Mineral Resources a
PERC Reserves

PV Photovoltaic

PVGIS Photovoltaic Geographic Information System
SAC Special Area of Conservation

SDIC Spatial Data Interest Community

SPA Special Praction Areas

SPE Society of Petroleum Engineers

TG Technical Guidelines

TG Technical Guidance

TWG Thematic Working Group

UCG Underground Coal Gasification

UML Unified Modeling Language

UNFC United Nations Framework Classification

USGS United Sates Geological Survey
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uTC Coordinated Universal Time
WHO World Health Organization
WMO World Meteorological Organization
WPC World Petroleum Council
XML EXtensible Markup Language

2.6 How the Technical Guidelines map to the Implementing Rules

The schematic diagram in Figure 3 gives an overview of the relationships between the INSPIRE legal
acts (the INSPIRE Directive and Implementing Rules) and the INSPIRE Technical Guidelines. The
INSPIRE Directive and Implementing Rules include legally binding requirements that describe, usually on
an abstract level, what Member States must implement.

In contrast, the Technical Guidelines define how Member States might implement the requirements
included in the INSPIRE Implementing Rules. As such, they may include non-binding technical
requirements that must be satisfied if a Member State data provider chooses to conform to the Technical
Guidelines. Implementing these Technical Guidelines will maximise the interoperability of INSPIRE spatial
data sets.

INSPIRE
. Implementin,
Implementing [';irective 8
Directive
2007/2/EC
“What Member States v
must implement” \ DSEIRE
Implementing Rules
o for Metadata,
Regulation Network Services
Interoperability
Spatial data sets and abstract
legally binding services specification
not legally binding N [ implementation
) - INSPIRE specification
Technical Guidance . .
; Technical Guidance
Technical e for the e
Guidance 8 Implementation of ata Specification

on Addresses

“How Member States o !
Iscovery Services

might implement it” .
2 > Implementation Lo =

Requirements &
Recommendations

Requirements &
Recommendations

Figure 3 - Relationship between INSPIRE Implementing Rules and Technical Guidelines

2.6.1 Requirements

The purpose of these Technical Guidelines (Data specifications on Energy Resources) is to provide
practical guidance for implementation that is guided by, and satisfies, the (legally binding) requirements
included for the spatial data theme Energy Resources in the Regulation (Implementing Rules) on
interoperability of spatial data sets and services. These requirements are highlighted in this document as
follows:

IR Requirement
Article / Annex / Section no.
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Title / Heading

This style is used for requirements contained in the Implementing Rules on interoperability of spatial
data sets and services (Commission Regulation (EU) No 1089/2010).

For each of these IR requirements, these Technical Guidelines contain additional explanations and
examples.

NOTE The Abstract Test Suite (ATS) in Annex A contains conformance tests that directly check
conformance with these IR requirements.

Furthermore, these Technical Guidelines may propose a specific technical implementation for satisfying
an IR requirement. In such cases, these Technical Guidelines may contain additional technical
requirements that need to be met in order to be conformant with the corresponding IR requirement when
using this proposed implementation. These technical requirements are highlighted as follows:

This style is used for requirements for a specific technical solution proposed in
these Technical Guidelines for an IR requirement.

NOTE 1 Conformance of a data set with the TG requirement(s) included in the ATS implies conformance
with the corresponding IR requirement(s).

NOTE 2 In addition to the requirements included in the Implementing Rules on interoperability of spatial
data sets and services, the INSPIRE Directive includes further legally binding obligations that put
additional requirements on data providers. For example, Art. 10(2) requires that Member States shall,
where appropriate, decide by mutual consent on the depiction and position of geographical features
whose location spans the frontier between two or more Member States. General guidance for how to
meet these obligations is provided in the INSPIRE framework documents.

2.6.2 Recommendations

In addition to IR and TG requirements, these Technical Guidelines may also include a number of
recommendations for facilitating implementation or for further and coherent development of an
interoperable infrastructure.

: Recommendation X Recommendations are shown using this style. ]

NOTE The implementation of recommendations is not mandatory. Compliance with these Technical
Guidelines or the legal obligation does not depend on the fulfilment of the recommendations.

2.6.3 Conformance

Annex A includes the abstract test suite for checking conformance with the requirements included in
these Technical Guidelines and the corresponding parts of the Implementing Rules (Commission
Regulation (EU) No 1089/2010).
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3 Specification scopes

This data specification does not distinguish different specification scopes, but just considers one general
scope.

NOTE For more information on specification scopes, see [ISO 19131:2007], clause 8 and Annex D.

4 |dentification information

These Technical Guidelines are identified by the following URI:
http://inspire.ec.europa.eu/tg/er/3.0

NOTE 1SO 19131 suggests further identification information to be included in this section, e.g. the title,
abstract or spatial representation type. The proposed items are already described in the document
metadata, executive summary, overview description (section 2) and descriptions of the application
schemas (section 5). In order to avoid redundancy, they are not repeated here.
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5 Data content and structure

5.1 Application schemas i Overview

5.1.1 Application schemas included in the IRs

Articles 3, 4 and 5 of the Implementing Rules lay down the requirements for the content and structure of
the data sets related to the INSPIRE Annex themes.

IR Requirement
Article 4
Types for the Exchange and Classification of Spatial Objects

1. For the exchange and classification of spatial objects from data sets meeting the conditions laid
down in Article 4 of Directive 2007/2/EC, Member States shall use the spatial object types and
associated data types, enumerations and code lists that are defined in Annexes II, Ill and IV for the
themes the data sets relate to.

2. Spatial object types and data types shall comply with the definitions and constraints and include the
attributes and association roles set out in the Annexes.

3. The enumerations and code lists used in attributes or association roles of spatial object types or data
types shall comply with the definitions and include the values set out in Annex Il. The enumeration and code
list values are uniquely identified by language-neutral mnemonic codes for computers. The values may also
include a language-specific name to be used for human interaction.

The types to be used for the exchange and classification of spatial objects from data sets related to the
spatial data theme Energy Resources are defined in the following application schemas (see sections 5.4;
5.5; 5.6):

- The Energy Resources Base application schema provides a base set of common Energy Resource
classes including coded values for the classification of Energy Resources that fall within the scope
of this theme.

- The Energy Resources Vector application schema provides the means for modelling discrete

spatial features representing fossil fuels and renewables.

- The Energy Resources Coverage application schema provides a simple scheme for assessing the
variation of energy potential of renewable resources including waste.

The application schemas specify requirements on the properties of each spatial object including its
multiplicity, domain of valid values, constraints, etc.

NOTE The application schemas presented in this section contain some additional information that is
not included in the Implementing Rules, in particular multiplicities of attributes and association roles.

Spatial object types and data types shall comply with the multiplicities defined for
the attributes and association roles in this section.
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An application schema may include references (e.g. in attributes or inheritance relationships) to common

types or types defined in other spatial data themes. These types can be found in a sub-section called

il mported Typeso at the end of each application sche
application schemas included in the IRs are addressed in Article 3.

IR Requirement
Article 3
Common Types

Types that are common to several of the themes listed in Annexes I, Il and Ill to Directive 2007/2/EC
shall conform to the definitions and constraints and include the attributes and association roles set out

in Annex |.

NOTE Since the IRs contain the types for all INSPIRE spatial data themes in one document, Article 3
does not explicitly refer to types defined in other spatial data themes, but only to types defined in external
data models.

Common types are described in detail in the Generic Conceptual Model [DS-D2.7], in the relevant
international standards (e.g. of the ISO 19100 series) or in the documents on the common INSPIRE
models [DS-D2.10.x]. For detailed descriptions of types defined in other spatial data themes, see the
corresponding Data Specification TG document [DS-D2.8.x].

5.1.2 Additional recommended application schemas

In addition to the application schemas listed above, the following additional application schemas have
been defined for the theme Energy Resources (see section 5.7):

- The Energy Statistics application schema targets the exchange of aggregated data (statistical
information) on the quantification of energy resources. It is expected that detailed information on
the amount of resources is to a large extent private commercial information. For this reason this
application scheme should be considered as a guideline.

These additional application schemas are not included in the IRs. They typically address requirements
from specific (groups of) use cases and/or may be used to provide additional information. They are
included in this specification in order to improve interoperability also for these additional aspects and to
illustrate the extensibility of the application schemas included in the IRs.

Recommendation 1  Additional and/or use case-specific information related to the theme Energy
Resources should be made available using the spatial object types and data
types specified in the following application schema(s): Energy Statistics

These spatial object types and data types should comply with the definitions
and constraints and include the attributes and association roles defined in this
section.

The enumerations and code lists used in attributes or association roles of
spatial object types or data types should comply with the definitions and
include the values defined in this section.
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5.2 Basic notions

This section explains some of the basic notions used in the INSPIRE application schemas. These
explanations are based on the GCM [DS-D2.5].

5.2.1 Notation

5.2.1.1. Unified Modeling Language (UML)

The application schemas included in this section are specified in UML, version 2.1. The spatial object
types, their properties and associated types are shown in UML class diagrams.

NOTE For an overview of the UML notation, see Annex D in [ISO 19103].
The use of a common conceptual schema language (i.e. UML) allows for an automated processing of
application schemas and the encoding, querying and updating of data based on the application schema i

across different themes and different levels of detail.

The following important rules related to class inheritance and abstract classes are included in the IRs.

IR Requirement

Article 5

Types
(é)
2. Typesthatareasub-t ype of another type shall al s osodiationo [fud e
roles.

3. Abstract types shall not be instantiated.

The use of UML conforms to ISO 19109 8.3 and ISO/TS 19103 with the exception that UML 2.1 instead
of ISO/IEC 19501 is being used. The use of UML also conforms to ISO 19136 E.2.1.1.1-E.2.1.1.4.

NOTE ISO/TS 19103 and ISO 19109 specify a profile of UML to be used in conjunction with the ISO
19100 series. This includes in particular a list of stereotypes and basic types to be used in application
schemas. ISO 19136 specifies a more restricted UML profile that allows for a direct encoding in XML
Schema for data transfer purposes.

To model constraints on the spatial object types and their properties, in particular to express data/data set
consistency rules, OCL (Object Constraint Language) is used as described in ISO/TS 19103, whenever
possible. In addition, all constraints are described in the feature catalogue in English, too.

NOTE Since fivoidd is not a concept supported by OCL,
test whether a value is a void value. Such constraints may only be expressed in natural language.

5.2.1.2. Stereotypes

In the application schemas in this section several stereotypes are used that have been defined as part of
a UML profile for use in INSPIRE [DS-D2.5]. These are explained in Table 1 below.

Table 11 Stereotypes (adapted from [DS-D2.5])

Model
element

Stereotype Description
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applicationSchema | Package An INSPIRE application schema according to ISO 19109 and
the Generic Conceptual Model.
leaf Package A package that is not an application schema and contains no
packages.
featureType Class A spatial object type.
type Class A type that is not directly instantiable, but is used as an abstract
collection of operation, attribute and relation signatures. This
stereotype should usually not be used in INSPIRE application
schemas as these are on a different conceptual level than
classifiers with this stereotype.
dataType Class A structured data type without identity.
union Class A structured data type without identity where exactly one of the
properties of the type is present in any instance.
enumeration Class An enumeration.
codelList Class A code list.
import Dependency | The model elements of the supplier package are imported.
voidable Attribute, A voidable attribute or association role (see section 5.2.2).
association
role
lifeCyclelnfo Attribute, If in an application schema a property is considered to be part
association | of the life-cycle information of a spatial object type, the property
role shall receive this stereotype.
version Association | If in an application schema an association role ends at a spatial
role object type, this stereotype denotes that the value of the
property is meant to be a specific version of the spatial object,
not the spatial object in general.

5.2.2 Voidable characteristics

The «voidable» stereotype is used to characterise those properties of a spatial object that may not be
present in some spatial data sets, even though they may be present or applicable in the real world. This
does not mean that it is optional to provide a value for those properties.

For all properties defined for a spatial object, a value has to be provided i either the corresponding value
(if available in the data set maintained by the data provider) or the value of void. A void value shall imply
that no corresponding value is contained in the source spatial data set maintained by the data provider or
no corresponding value can be derived from existing values at reasonable costs.

: Recommendation 2

The reason for a void value should be provided where possible using a listed
value from the VoidReasonValue code list to indicate the reason for the

missing value.

The VoidReasonValue type is a code list, which includes the following pre-defined values:
- Unpopulated: The property is not part of the dataset maintained by the data provider. However, the

character.i

t he

for a void value of thispr oper ty
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may exist in the real worl d. For ex
has not been i ncl ubject, themtheacasdrat as et
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spatial objects in the spatial data set.
- Unknown: The correct value for the specific spatial object is not known to, and not computable by

the data provider. However, a correct value ma y
a b o v ef a tehadn lakeehas not beere heasured, then the reason for a
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where the property in question is not known.
- Withheld: The characteristic may exist, but is confidential and not divulged by the data provider.

NOTE

It is possible that additional reasons will be identified in the future, in particular to support

reasons / special values in coverage ranges.
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The «voidable» stereotype does not give any information on whether or not a characteristic exists in the
real world. This is expressed using the multiplicity:
- If a characteristic may or may not exist in the real world, its minimum cardinality shall be defined as
0. For example, if an Address may or may not have a house number, the multiplicity of the
corresponding property shall be 0..1.
- If at least one value for a certain characteristic exists in the real world, the minimum cardinality
shall be defined as 1. For example, if an Administrative Unit always has at least one name, the
multiplicity of the corresponding property shall be 1..*.

In both cases, the «voidable» stereotype can be applied. In cases where the minimum multiplicity is O, the
absence of a value indicates that it is known that no value exists, whereas a value of void indicates that it
is not known whether a value exists or not.

EXAMPLE If an address does not have a house number, the corresponding Address object should not
have any value for the «voidable» attribute house number. If the house number is simply not known or not
populated in the data set, the Address object should receive a value of void (with the corresponding void
reason) for the house number attribute.

5.2.3 Enumerations

Enumerations are modelled as classes in the application schemas. Their values are modelled as
attributes of the enumeration class using the following modelling style:
- No initial value, but only the attribute name part, is used.
- The attribute name conforms to the rules for attributes names, i.e. is a lowerCamelCase name.
Exceptions are words that consist of all uppercase letters (acronyms).

IR Requirement
Article 6
Code Lists and Enumerations

(é)

5) Attributes or association roles of spatial object types or data types that have an enumeration type
may only take values from the lists specified forthe enumer ati on type. 0

5.2.4 Code lists

Code lists are modelled as classes in the application schemas. Their values, however, are managed
outside of the application schema.

5.2.4.1. Code list types

The IRs distinguish the following types of code lists.



INSPIRE Reference: D2.8.111.20_v3.0

TWG-ER Data Specification on Energy Resources 2013-12-10 Page 16

IR Requirement
Article 6
Code Lists and Enumerations

1) Code lists shall be of one of the following types, as specified in the Annexes:
a) code lists whose allowed values comprise only the values specified in this Regulation;
b) code lists whose allowed values comprise the values specified in this Regulation and narrower
values defined by data providers;
c) code lists whose allowed values comprise the values specified in this Regulation and additional
values at any level defined by data providers;
d) code lists, whose allowed values comprise any values defined by data providers.

For the purposes of points (b), (c) and (d), in addition to the allowed values, data providers may use
the values specified in the relevant INSPIRE Technical Guidance document available on the
INSPIRE web site of the Joint Research Centre.

The type of code list is represented in the UML model through the tagged value extensibility, which can
take the following values:
- none, representing code lists whose allowed values comprise only the values specified in the IRs
(type a);
- narrower, representing code lists whose allowed values comprise the values specified in the IRs
and narrower values defined by data providers (type b);
- open, representing code lists whose allowed values comprise the values specified in the IRs and
additional values at any level defined by data providers (type c); and
- any, representing code lists, for which the IRs do not specify any allowed values, i.e. whose
allowed values comprise any values defined by data providers (type d).

Recommendation 3  Additional values defined by data providers should not replace or redefine any
value already specified in the IRs. ]

NOTEThis data specification may specify recommended values for some of the code lists of type (b), (c)
and (d) (see section 5.2.4.3). These recommended values are specified in a dedicated Annex.

In addition, code lists can be hierarchical, as explained in Article 6(2) of the IRs.

IR Requirement
Article 6
Code Lists and Enumerations

(€e)

2) Code lists may be hierarchical. Values of hierarchical code lists may have a more generic parent
value. Where the valid values of a hierarchical code list are specified in a table in this Regulation,
the parent values are listed in the last column.

The type of code list and whether it is hierarchical or not is also indicated in the feature catalogues.
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5.2.4.2. Obligations on data providers

IR Requirement
Article 6
Code Lists and Enumerations

(e.)

3) Where, for an attribute whose type is a code list as referred to in points (b), (c) or (d) of paragraph
1, a data provider provides a value that is not specified in this Regulation, that value and its
definition shall be made available in a register.

4) Attributes or association roles of spatial object types or data types whose type is a code list may
only take values that are allowed according to the specification of the code list.

Article 6(4) obliges data providers to use only values that are allowed according to the specification of the

code list. T h ewedi\aluds according to the specification of the code listo ar e t he ¥yl ues
defined in the IRs plus (in the case of code lists of type (b), (c) and (d)) additional values defined by data
providers.

For attributes whose type is a code list of type (b), (c) or (d) data providers may use additional values that
are not defined in the IRs. Article 6(3) requires that such additional values and their definition be made
available in a register. This enables users of the data to look up the meaning of the additional values used
in a data set, and also facilitates the re-use of additional values by other data providers (potentially across
Member States).

NOTEGuidelines for setting up registers for additional values and how to register additional values in
these registers is still an open discussion point between Member States and the Commission.

5.2.4.3. Recommended code list values

For code lists of type (b), (c) and (d), this data specification may propose additional values as a
recommendation (in a dedicated Annex). These values will be included in the INSPIRE code list register.
This will facilitate and encourage the usage of the recommended values by data providers since the
obligation to make additional values defined by data providers available in a register (see section 5.2.4.2)
is already met.

: Recommendation 4 Where these Technical Guidelines recommend values for a code list in
] addition to those specified in the IRs, these values should be used. ]

NOTE For some code lists of type (d), no values may be specified in these Technical Guidelines. In
these cases, any additional value defined by data providers may be used.

5.2.4.4. Governance

The following two types of code lists are distinguished in INSPIRE:

- Code lists that are governed by INSPIRE (INSPIRE-governed code lists). These code lists will be
managed centrally in the INSPIRE code list register. Change requests to these code lists (e.g. to
add, deprecate or supersede values) are processed and decided upon using the INSPIRE code list
register6 s mai nt enance wor kfl ows.

INSPIRE-governed code lists will be made available in the INSPIRE code list register at
http://inspire.ec.europa.eu/codelist/<CodeListName>. They will be available in SKOS/RDF, XML
and HTML. The maintenance will follow the procedures defined in ISO 19135. This means that the
only allowed changes to a code list are the addition, deprecation or supersession of values, i.e. no
value will ever be deleted, but only receive different statuses (valid, deprecated, superseded).
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Identifiers for values of INSPIRE-governed code lists are constructed using the pattern
http://inspire.ec.europa.eu/codelist/<CodeListName>/<value>.

- Code lists that are governed by an organisation outside of INSPIRE (externally governed code
lists). These code lists are managed by an organisation outside of INSPIRE, e.g. the World
Meteorological Organization (WMO) or the World Health Organization (WHO). Change requests to
these code lists follow the maintenance workflows defined by the maintaining organisations. Note
that in some cases, no such workflows may be formally defined.

Since the updates of externally governed code lists is outside the control of INSPIRE, the IRs and
these Technical Guidelines reference a specific version for such code lists.

The tables describing externally governed code lists in this section contain the following columns:

- The Governance column describes the external organisation that is responsible for
maintaining the code list.

- The Source column specifies a citation for the authoritative source for the values of the code
list. For code lists, whose values are mandated in the IRs, this citation should include the
version of the code list used in INSPIRE. The version can be specified using a version
number or the publication date. For code list values recommended in these Technical
Guidel i nes, the citation may refer to the Al atest

- In some cases, for INSPIRE only a subset of an externally governed code list is relevant.
The subset is specified using the Subset column.

- The Availability column specifies from where (e.g. URL) the values of the externally
governed code list are available, and in which formats. Formats can include machine-
readable (e.g. SKOS/RDF, XML) or human-readable (e.g. HTML, PDF) ones.

Code list values are encoded using http URIs and labels. Rules for generating these URIs and
labels are specified in a separate table.

Recommendation 5 The http URIs and labels used for encoding code list values should be taken
from the INSPIRE code list registry for INSPIRE-governed code lists and
generated according to the relevant rules specified for externally governed
code lists.

NOTE Where practicable, the INSPIRE code list register could also provide http URIs and labels for
externally governed code lists.

5.2.45. Vocabulary

For each code |ist, a tagged value called fAvioesafbul ary
the code list. For INSPIRE-governed code lists and externally governed code lists that do not have a
persistent identifier, the URI is constructed following the pattern

http://inspire.ec.europa.eu/codelist/<UpperCamelCaseName>.

If the value is missing or empty, this indicates an empty code list. If no sub-classes are defined for this
empty code list, this means that any code list may be used that meets the given definition.

An empty code list may also be used as a super-class for a number of specific code lists whose values
may be used to specify the attribute value. If the sub-classes specified in the model represent all valid
extensions to the empty code list, the subtyping relationship is qualified with the standard UML constraint
"{complete,disjoint}".

5.2.5 Identifier management
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IR Requirement
Article 9
Identifier Management

1. The data type Identifier defined in Section 2.1 of Annex | shall be used as a type for the external
object identifier of a spatial object.

2. The external object identifier for the unique identification of spatial objects shall not be changed
during the life-cycle of a spatial object.

NOTE 1 An external object identifier is a unique object identifier which is published by the responsible
body, which may be used by external applications to reference the spatial object. [DS-D2.5]

NOTE 2 Article 9(1) is implemented in each application schema by including the attribute inspireld of
type Identifier.

NOTE 3 Article 9(2) is ensured if the namespace and localld attributes of the Identifier remains the same
for different versions of a spatial object; the version attribute can of course change.

5.2.6 Geometry representation

IR Requirement
Article 12
Other Requirements & Rules

1. The value domain of spatial properties defined in this Regulation shall be restricted to the Simple
Feature spatial schema as defined in Herring, John R. (ed.), OpenGIS® Implementation Standard
for Geographic information i Simple feature access i Part 1: Common architecture, version 1.2.1,
Open Geospatial Consortium, 2011, unless specified otherwise for a specific spatial data theme or

type.

NOTE 1 The specification restricts the spatial schema to 0-, 1-, 2-, and 2.5-dimensional geometries
where all curve interpolations are linear and surface interpolations are performed by triangles.

NOTE 2 The topological relations of two spatial objects based on their specific geometry and topology
properties can in principle be investigated by invoking the operations of the types defined in 1ISO 19107
(or the methods specified in EN ISO 19125-1).

5.2.7 Temporality representation

The application schema(s) wuse(s) the derived attributes "beginLifespanVersion" and
"endLifespanVersion" to record the lifespan of a spatial object.

The attributes "beginLifespanVersion" specifies the date and time at which this version of the spatial
object was inserted or changed in the spatial data set. The attribute "endLifespanVersion" specifies the
date and time at which this version of the spatial object was superseded or retired in the spatial data set.

NOTE 1 The attributes specify the beginning of the lifespan of the version in the spatial data set itself,
which is different from the temporal characteristics of the real-world phenomenon described by the spatial
object. This lifespan information, if available, supports mainly two requirements: First, knowledge about
the spatial data set content at a specific time; second, knowledge about changes to a data set in a
specific time frame. The lifespan information should be as detailed as in the data set (i.e., if the lifespan
information in the data set includes seconds, the seconds should be represented in data published in
INSPIRE) and include time zone information.
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NOTE 2 Changes to the attribute "endLifespanVersion" does not trigger a change in the attribute
"beginLifespanVersion".

IR Requirement
Article 10
Life-cycle of Spatial Objects

(€)

3. Where the attributes beginLifespanVersion and endLifespanVersion are used, the value of
endLifespanVersion shall not be before the value of beginLifespanVersion.

NOTE The requirement expressed in the IR Requirement above will be included as constraints in the
UML data models of all themes.

: Recommendation 6 If life-cycle information is not maintained as part of the spatial data set, all
] spatial objects belonging to this data set should provide a void value with a
g reason of "unpopulated".

5.2.7.1. Validity of the real-world phenomena

The application schema(s) use(s) the attributes "validFrom" and "validTo" to record the validity of the real-
world phenomenon represented by a spatial object.

The attributes "validFrom" specifies the date and time at which the real-world phenomenon became valid
in the real world. The attribute "validTo" specifies the date and time at which the real-world phenomenon
is no longer valid in the real world.

Specific application schemas may give exampiwerk
phenomenon represented by a spatial object.

IR Requirement
Article 12
Other Requirements & Rules

(é)

3. Where the attributes validFrom and validTo are used, the value of validTo shall not be before the
value of validFrom.

NOTE The requirement expressed in the IR Requirement above will be included as constraints in the
UML data models of all themes.

5.2.8 Coverages

Coverage functions are used to describe characteristics of real-world phenomena that vary over space
and/or time. Typical examples are temperature, elevation, precipitation, imagery. A coverage contains a
set of such values, each associated with one of the elements in a spatial, temporal or spatio-temporal
domain. Typical spatial domains are point sets (e.g. sensor locations), curve sets (e.g. isolines), grids
(e.g. orthoimages, elevation models), etc.

what
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In INSPIRE application schemas, coverage functions are defined as properties of spatial object types
where the type of the property value is a realisation of one of the types specified in ISO 19123.

To improve alignment with coverage standards on the implementation level (e.g. ISO 19136 and the OGC
Web Coverage Service) and to improve the cross-theme harmonisation on the use of coverages in
INSPIRE, an application schema for coverage types is included in the Generic Conceptual Model in 9.9.4.
This application schema contains the following coverage types:

- RectifiedGridCoverage: coverage whose domain consists of a rectified grid i a grid for which there
is an affine transformation between the grid coordinates and the coordinates of a coordinate
reference system (see Figure 4, left).

- ReferenceableGridCoverage: coverage whose domain consists of a referenceable grid i a grid
associated with a transformation that can be used to convert grid coordinate values to values of
coordinates referenced to a coordinate reference system (see Figure 4, right).

In addition, some themes make reference to the types TimeValuePair and Timeseries defined in Taylor,
Peter (ed.), OGC® WaterML 2.0: Part 1 i Timeseries, v2.0.0, Open Geospatial Consortium, 2012. These
provide a representation of the time instant/value pairs, i.e. time series (see Figure 5).

Where possible, only these coverage types (or a subtype thereof) are used in INSPIRE application
schemas.
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5.3 Application schema Energy Resources

5.3.1 Description

In this section a brief overview is given of the composition of the Energy Resources model, which is
based on four application schema packages.

5.3.1.1. Narrative description

The Energy Resources UML model is structured as four separate application schemas which are created
to represent the different approaches to model Energy Resources. The Energy Resources Vector, Energy
Resources Coverage and the Energy Statistics application schemas depend on the Energy Resources
Base application schema, which provides a base set of common Energy Resource classes including
coded values for the classification of fossil fuel, renewable and waste Energy Resources. The
dependencies between the application schemas are illustrated in Figure 6.

Figure 6 also illustrates the dependencies between the different Energy Resources application schemas
and other packages:
1 The Base Types application schema from the Generic Conceptual Model, and the Annex | theme
06Geographi caltypdbeemnsed. 6 dat a
1 The Energy Resources Coverage application schema is based on the Generic Coverage (Domain
and Range) model defined in the INSPIRE Generic Conceptual Model.

The four Energy Resources application schemas together define a general model that supports the

identification and description of a wide range of spatial objects that represent various energy resources or
derived aggregated statistical information.

5.3.1.2. UML Overview
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Figure 6 1 Package structure of the Energy Resources application schemas

5.4 Application schema Energy Resources Base

5.4.1 Description

5.4.1.1. Narrative description

The Energy Resources Base application schema provides a core set of Energy Resource types that

define common classes and characteristics used in other application schemas of the Energy Resources
theme.

The use of a pre-existing classification system for Energy Resources is not feasible as there is little
consistency across member states for how energy from different sources is classified. For example, coal
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types are often based upon the calorific range, the rank, moisture content, use or indeed a mixture of
these characteristics. The widest disparity across Member States is that of the sub-bituminous class of
coal and whether it is reported within the hard coal category or within the brown or low rank coal
categories. Within this specification the type values for fossil fuels are purposefully broad and of the
highest level in order to enable the sharing of this data. With respect to coal specifically, the classification
has been taken from the World Coal Association (see Figure 7) and the definitions enhanced with calorific
values to clearly define the bounds and contents of each sub type.

Low Rank Coals Hard Coal

47% 53%
Lignite Sub-Bituminous Bituminous Anthracite
7% 1% b -1%
Thermal Metallurgical
Steam Coal Coking Coal
A 4 lv ‘:' 1' é’

Lar gely power Power generaticn Power generation Manufacture of Demestic/
generation Cement manufacture Cement manufac ture iron and steel industrial
Industrial uses Industrial uses including
smokeless

fuel

Figure 71 Types and uses of coal (World Coal Association, 2012).

The base application schema includes coded values for the identification, classification and quantification
of Energy Resources that fall within the scope of this theme. As there is no unique reference classification
for all types of Energy Resources, the coded values are split into two distinct code lists corresponding
with the most widely used classifications incorporating also the Regulation (EC) No 1099/2008 of the
European Parliament and of the Council of 22 October 2008 on Energy Statistics.

5.4.1.2. UML Overview
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class EnergyResourcesBase: Overvi... /

¢ccodeli ste

gcodeliste FossilFuelValue

ClassificationAndQuantificationFramew orkValue

tags
tags asDictionary = true

asDictionary = true extensibility = none

extensbﬂny_:han)_/ . is/Classificati Wal vocabulary = http://inspire.ec.europa.eu/codeList/FossilFuelValue
vocabulary = http://inspire.ec.europa.eu/codelList/ClassificationFrameworkValue xsdEncodingRule = iso19136_2007_INSPIRE_Extensions

xsdEncodingRule = is019136_2007_INSPIRE_Extensions

gcodeli sté

~ccodeliste Renew ableAndWasteValue
VerticalReferenceValue

tags
N tags asDictionary = true
asDICIIQp?W = true extensibility = none
extensibility = none vocabulary = http://inspire.ec.europa.eu/codeList/RenewableAndWasteValug
vocabulary = http:/inspire.ec.europa.eu/codeList/VerticalReferenceValue xsdEncodingRule = is019136_2007_INSPIRE_Extensions
xsdEncodingRule = is019136_2007_INSPIRE_Extensions i a -

ccodelLi ste
FossilFuelClassValue

cdataTypee
VerticalExtentRangeType

+ upperBound: Length N tags

asDictionary = true

extensibility = none

vocabulary = http://inspire.ec.europa.eu/codelList/FossilFuelClassValue

’ ' xsdEncodingRule = is019136_2007_INSPIRE_Extensions

cvoidabl ee
+ lowerBound: Length
7 T

cdataTypee
VerticalExtentType

mpgrersoundlobishal LowerBoundUoMShall
BeMeter
/* Value of =Ll + verticalExtent: VerticalExtentValue

/* Value of lowerBound
shall be expressed in
meters. */

inv:
self.lowerbound.uom.u
omSymbol="m"

+ verticalReference: VerticalReferenceValue

upperBound shall be
expressed in meters. */
inv:
self.upperBound.uom.
omSymbol="m"

ScalarUoMShallBeMeter
/* Value of scalar shall be
expressed in meters. */ | ----

inv: + range: VerticalExtentRangeType
self.scalar.uom.uomSymbol="m" + scalar: Length

¢guni one
VerticalExtentValue

Figure 817 UML class diagram: Overview of the Energy Resources Base application schema

The base application schema as illustrated in Figure 8 defines 8 basic classes common to all application
schemas.

The main categories of Energy Resources are described by 2 distinct code lists: FossilFuelValue, and
RenewableAndWasteValue. Both code list classes contain a list with the main values of Energy Resource
types in a specific subdomain. The use of these code lists will be further explained in section 5.5, 5.6 and
5.7.

The ClassificationAndQuantificationFrameworkValue class lists the most widely used classification
frameworks that are applied to classify and/or quantify Energy Resources, in particular to fossil fuels. At
the time of the development of the data specification an initial list  of
ClassificationAndQuantificationFrameworkValues has been defined. However, if another classification
framework is used besides the listed ones, this code list can be extended by Member States and thematic
communities with any other value than those explicitly listed.

The FossilFuelClassValue code list defines the different sublevels within a resource for distinguishing real
from potential or expected amount of fossil fuels. These sublevels shall be clarified in detail in section
5.5.1.2.
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Furthermore, the Energy Resources Base application schema contains four classes
(VerticalReferenceValue, VerticalExtentRangeType, VerticalExtentType, VerticalExtentValue) for

providing information on the third dimension of the resource or resource potential.

54.1.3.

Consistency between spatial data sets

The Energy Resources Base application schema does not require consistency rules.

54.1.4.

Modelling of object references

The Energy Resources Base application schema does not require modelling of object references.

5.4.2

Feature catalogue

Feature catalogue metadata

Application Schema

Version number

INSPIRE Application Schema Energy Resources Base
3.0

Types defined in the feature catalogue

Type

ClassificationAndQuantificationFrameworkValue
FossilFuelClassValue

FossilFuelValue

RenewableAndWasteValue
VerticalExtentRangeType

VerticalExtentType

VerticalExtentValue
VerticalReferenceValue

54.2.1.
54.2.1.1.

Package

Energy Resources Base
Energy Resources Base
Energy Resources Base
Energy Resources Base

Stereotypes
«codeList»
«codeList»
«codeList»
«codeList»

Energy Resources Base «dataType»
Energy Resources Base «dataType»
Energy Resources Base «union»

Energy Resources Base «codeList»

Data types
VerticalExtentRangeType

VerticalExtentRangeType

Name:
Definition:
Description:

Stereotypes:

Attribute: lowerBound

Name:
Value type:
Definition:
Description:

Multiplicity:
Stereotypes:

Attribute: upperBound
Name:

Vertical extent range type
Value indicating the upper and lower bounds of the height/depth range.

In the case of depth, the range between the deepest (lower bound) and most
shallow (upper bound) aspect of the deposit body, where the depth is true vertical
depth below a chosen vertical reference level.

«dataType»

Lower bound

Length

Value indicating the lower bound of the height/depth range.

In the case of subsurface resources, true vertical depth below a chosen vertical
reference level to the deepest vertex of the deposit body.

1

«voidable»

Upper bound
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VerticalExtentRangeType

Value type: Length
Definition: Value indicating the upper bound of the height/depth range.
Description: In the case of subsurface resources, depth is the true vertical depth below a chosen

vertical reference level to the shallowest vertex of the deposit body.
Multiplicity: 1

Constraint: LowerBoundUoMShallBeMeter

Natural Value of lowerBound shall be expressed in meters.
language:
OCL: inv: self.lowerbound.uom.uomSymbol="m'

Constraint: UpperBoundUoMShallBeMeter

Natural Value of upperBound shall be expressed in meters.
language:
OCL: inv: self.upperBound.uom.uomSymbol="m'

5.4.2.1.2. VerticalExtentType
VerticalExtentType

Name: Vertical extent type

Definition: Vertical dimensional property consisting of an absolute measure or range of
measures referenced to a well-defined vertical reference level which is commonly

taken as origin (ground level, mean sea level, etc.).
Stereotypes: «dataType»

Attribute: vertical Extent
Name: Vertical extent
Value type: VerticalExtentValue
Definition: Extent of the vertical dimension represented by a scalar or by a range of values.
Multiplicity: 1
Attribute: verticalReference
Name: Vertical Reference
Value type: VerticalReferenceValue
Definition: Reference level that was chosen to determine the vertical height/depth.
Multiplicity: 1

5.4.2.1.3. VerticalExtentValue
VerticalExtentValue

Name: Vertical extent value

Definition: Either a single number or a range of height/depth values to describe the

height/depth position of an Energy Resource.
Stereotypes: «union»

Attribute: range

Name: Range
Value type: VerticalExtentRangeType
Definition: Range of numbers representing the height or depth range of an Energy Resource.
Description: NOTE depth values are represented by negative numbers.
Multiplicity: 1
Attribute: scalar
Name: Scalar
Value type: Length

Definition: Number representing the height or depth of an Energy Resource.



INSPIRE Reference: D2.8.111.20_v3.0

TWG-ER Data Specification on Energy Resources 2013-12-10 Page 28

VerticalExtentValue

Description: NOTE depth values are represented by negative numbers.
Multiplicity: 1
Constraint: ScalarUoMShallBeMeter
Natural Value of scalar shall be expressed in meters.
language:
OCL: inv: self.scalar.uom.uomSymbol="m'

5.4.2.2. Code lists

5.4.2.2.1. ClassificationAndQuantificationFrameworkValue
ClassificationAndQuantificationFrameworkValue

Name: Classification and quantification framework value

Definition: Values for the most widely used classification schemes to classify and quantify
energy resources.

Description: NOTE Most of the listed classification frameworks only focus on fossil fuels.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/ClassificationFrameworkValue

Values: The allowed values for this code list comprise the values specified in Annex C and

additional values at any level defined by data providers.

5.4.2.2.2. FossilFuelClassValue
FossilFuelClassValue

Name: Fossil fuel class value

Definition: Different sublevels within a resource for distinguishing real from potential or
expected amount of fossil fuel resources.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/FossilFuelClassValue

Values: The allowed values for this code list comprise the values specified in Annex C and
additional values at any level defined by data providers.

5.4.2.2.3. FossilFuelvValue
FossilFuelValue

Name: Fossil fuel value

Definition: Types of fossil fuels.

Extensibility: none

Identifier: http://inspire.ec.europa.eu/codelist/FossilFuelValue

Values: The allowed values for this code list comprise only the values specified in Annex C .

5.4.2.2.4. RenewableAndWasteValue
RenewableAndWasteValue

Name: Renewable and waste value
Definition: Types of renewable and waste resources.
Description: NOTE Waste values have been included in this code list to simplify the code lists

rather than to imply that only renewable waste is included.
Extensibility: none
Identifier: http://inspire.ec.europa.eu/codelist/RenewableAndWasteValue
Values: The allowed values for this code list comprise only the values specified in Annex C .

5.4.2.2.5. VerticalReferenceValue

VerticalReferenceValue
Name: Vertical reference value
Definition: Values indicating the reference level of the vertical extent.
Extensibility: open
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VerticalReferenceValue

Identifier: http://inspire.ec.europa.eu/codelist/VerticalReferenceValue
Values: The allowed values for this code list comprise the values specified in Annex C and
additional values at any level defined by data providers.

5.4.2.3. Imported types (informative)

This section lists definitions for feat ure types, data types and enumerations and code lists that are defined in other
application schemas. The section is purely informative and should help the reader understand the feature catalogue
presented in the previous sections. For the normative documen tation of these types, see the given references.

5.4.2.3.1. Length

Length
Package: Units of Measure
Reference: Geographic information -- Conceptual schema language [ISO/TS 19103:2005]

5.4.3 Externally governed code lists

The Energy Resources Base application schema does not contain externally governed code lists.

5.5 Application schema Energy Resources Vector

5.5.1 Description

5.5.1.1. Narrative description

There are different approaches for representing Energy Resources since they can be modelled as
discrete or continuous phenomena depending on the conceptualization of the universe of discourse (i.e.
real world). The Energy Resources Vector application schema enables in general the representation of
fossil fuels and renewables as 1-, 2-, and 2.5-dimensional vector objects i.e. points, lines and polygons.
This scheme does not exclude 3D volumetric data; however the primary objective is to support the
exchange of planar data on Energy Resources.

The presence of fossil fuels depends on geological characteristics. Since geological characteristics are
continuous in nature it is not always possible to define their exact boundaries. Consequently boundaries
delimiting subsurface fossil fuels are subject to human interaction, and rely on the interpretation of a
series of scientific and eventually social-economic criteria in order to define the extent and type of the
resource. Furthermore, detailed information on the type and classification of fossil fuels can only be
gathered through exploration and exploitation projects, the conditions (including the spatial extent of the
activity) of which are defined by legally managed or regulated areas.

Renewable and waste resources are modelled using a similar approach as for fossil fuels. On the one

hand some resources are clearly discrete in nature (for example industrial waste), on the other hand there

is a variety of resources that are continuous in nature (for example wind, solarradiance, €é) and t her
also require human interaction to define favourable areas for energy production.

When applying this application schema it should be realized that strong links exist between the Energy
Resourcesdat a specificati ons adAred Mandgemend Restiction lard IRegtldtienme 6
ZonesH . Geometri c ob jEeengy Resoureep may partialty orrfufly overlap with geometric

o bj ect sArem Managereent0Restriction and Regulation Zones6 Annex | | | t heme ment
nevertheless an independent geometry is needed since the delimitation and properties of a feature in the

scope of one theme may change while it remains unchanged in the scope of another theme.
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5.5.1.2. UML Overview

An overview of the Energy Resources Vector application schema is shown in Figure 9 and is further
described below.

class EnergyResourcesVector: Overvi... /

cfeatureTypee
VectorEnergyResource

+ ClassificationAndQuantificationFramework: ClassificationAndQuantificationFrameworkValue [0..1]
+ geometry: GM_Object
inspireld: Identifier

o

lifeCyclelnfo, voidabl ee
beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]

voi dabl eeée

exploitationPeriod: ExploitationPeriodType [0..*]
reportingAuthority: RelatedParty [0..*]
resourceName: GeographicalName [0..*]

vertical Extent: VerticalExtentType [0..1]

+ 4+ ++0 + +0

cfeatureTypee

FossilFuelResource ¢cfeatureTypeeé

RenewableAndWasteResource

+ resource: FossilFuelResourceType [1..*
ype [1.7] + typeOfResource: RenewableAndWasteValue

cvoidabl ee

+ dateOfDiscovery: TM_Position AR N MO

+ Capacity: Measure [0..1]
+ dateOfDetermination: TM_Position

cdataTypeeée cdataTypeeée
FossilFuelResourceType FossilFuelMeasure
typeOfResource: FossilFuelValue + amount: Measure

+ dateOfDetermination: TM_Position
+ resourceClass: FossilFuelClassValue

voi dabl ee
calorificvalue: CalorificvValueType
quantity: FossilFuelMeasure [0..*]

+ 4+ o+

cdataTypee cuni oneé ¢cdataTypee
ExploitationPeriodType CalorificValueType CalorificRangeType
+ beginTime: TM_Position + calorificRange: CalorificRangeType + lowerBound: Measure
+ endTime: TM_Position [0..1] + calorificScalar: Measure + upperBound: Measure

Figure 97 UML class diagram: Overview of the components of the Energy Resources Vector
application schema

The abstract feature type VectorEnergyResource is the key spatial object type in this application schema
and defines discrete spatial features, representing either fossil fuels, renewables or waste. It carries
common properties such as the Inspire identifier and lifecycle.

The geographical representation of the resources (objects) may be different in spatial dimension and
scale, therefore their geometric representation is expressed by the GM_Object type. For harmonisation
and interoperability reasons the aim of this schema is the provision of 2D and 2.5D data. A coverage
representation of Energy Resources is described in a separate and independent application schema (see
section 5.6).

The VectorEnergyResource spatial object type also contains common attributes to provide a geographical
name of the energy resource concerned and to specify the time period of exploitation (ExploitationPeriod)
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of the Energy Resource. It also comprises attributes to identify the reporting authority and to describe the
vertical dimension of a resource, if applicable.

The spatial object type is further specialized into two main categories of Energy Resources: on the one
hand fossil fuels which are represented by the FossilFuelResource featuretype, on the other hand
renewables (including waste resources) that are represented by the RenewablesAndWasteResource
class. The FossilFuelResource featuretype covers the various types of coal resources (solid fossil fuels)
in the broadest sense and the different types of natural gas and petroleum resources.

Please note that for each Energy Resource spatial object in the EnergyResourcesVector application
schema, information regarding the type of Energy Resource shall be provided.

Both spatial object types (FossilFuelResource and RenewablesAndWasteResource) contain complex
attributes defining the subtype and, if data are available, documenting the calorific value (as a scalar or
range) and quantification of the Energy Resource in terms of volume, mass or capacity.

The different methods and approaches for quantifying resources are the main reason for defining two
distinct vector spatial object types. Whereas renewable resources can only be quantified by expressing
the capacity of the facility extracting the energy resource, the present amount of fossil fuel is subject to a
domain-specific approach. The datatype FossilFuelMeasure defines the properties that are needed for
identifying the resource class (resources initially in place, proven reserves, contingent resources) and
estimating the amount of the fossil fuels. With regard to Fossil Fuels, an additional datatype
FossilFuelResourceType has been introduced to support the fact that different types of fossil fuels might
occur together in a single deposit or reservoir, e.g. many oil fields have gas caps.

Usually, information on the resource classification and quantification of Energy Resources are dependent
on the type of resource classification framework that is applied within the subdomain. Certainly, within the
domain of fossil fuels, the quantification of resources as illustrated by the petroleum example in Figure 10
is dependent on different stages within an exploration project or an exploitation activity. For example,
resource assessments estimate total quantities in known and yet-to-be discovered accumulations
whereas resources evaluations are focused on those quantities that can potentially be recovered and
marketed by commercial projects. A resources management system such as a petroleum resources
management system provides a consistent approach to estimating petroleum quantities, evaluating
development projects, and presenting results within a comprehensive classification framework. The
classification framework foresees different sublevels within a resource that provide a clear overview of the
real and potential amount of resources.
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As there are numerous classification frameworks there is no singular framework proposed within the
scope of this theme. Instead only the highest level of resource classes have been incorporated enabling
the mapping of all classification frameworks to these high-level classes. At the time of the development of
the data specification an initial list of ClassificationAndQuantificationFrameworkValues has been defined.
However, if another classification framework is used besides the listed ones, this code list can be

extended by Member States and thematic communities with any other value than those explicitly listed.

Recommendation 7

Quantitative resource information for fossil fuels should be mapped to the

Recommendation 8

5.5.1.8.

In a few cases Energy Resources features derive their geometry from another existing spatial object,

The standardisation and harmonisation of classification of resources has been
In order to achieve a greater degree of
interoperability, the use of the UNFC 2009 classification is recommended

considered

in great detail.

where its use is possible and feasible.

proposed high-level resource classes.

Consistency between spatial data sets

when the boundaries of the natural resource are unknown or undefined. A typical example is a mining
area or permission zone that might represent an Energy Resource at the same time. In this rare case the
geometries of both spatial objects shall be consistent.

IR Requirement 1

Where the geometry of the spatial object is derived from another spatial object
the geometries of the two objects shall be consistent.
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5.5.1.4. Identifier management

All spatial objects in the Energy Resources Vector application schema shall be assigned an inspireld in
accordance with the rules for Identifier Management defined in D2.5 Generic Conceptual Model. This
identifier shall be maintained by the national or regional authority.

5.5.1.5. Modelling of object references

The Energy Resources Vector application schema does not require modelling of object references.

5.5.1.6. Geometry representation

Art. 12(1) of Regulation 1089/2010 restricts the value domain of spatial properties to the Simple Feature
spatial schema as defined by EN ISO 19125-1, unless specified otherwise for a specific spatial data
theme or type. ISO 19125-1:2004 restricts the spatial schema to 0-, 1- and 2-dimensional geometric
objects that exist in 2-dimensional coordinate space. Hence, it is not applicable in the case of the Energy
Resources theme, since the third coordinate is not supported. Therefore, the requirement is relaxed to the
Simple Feature v1.2.1 spatial schema, which also allows geometries in 3- or 4-dimensional coordinate
space.

IR Requirement 1 The value domain of spatial properties used in this specification shall be
restricted to the Simple Feature v1.2.1 spatial schema as defined by OGC
document 06-103r4.

NOTE 1 The specification restricts the spatial schema to 0-, 1-, 2-, and 2.5-dimensional geometries
where all curve interpolations are linear and surface interpolations are performed by triangles.

NOTE 2 The topological relations of two spatial objects based on their specific geometry and topology
properties can in principle be investigated by invoking the operations of the types defined in ISO 19107
(or the methods specified in EN ISO 19125-1).

5.5.2 Feature catalogue

Feature catalogue metadata

Application Schema INSPIRE Application Schema Energy Resources Vector
Version number 3.0

Types defined in the feature catalogue

Type Package Stereotypes
CalorificRangeType Energy Resources Vector «dataType»
CalorificvValueType Energy Resources Vector «union»
ExploitationPeriodType Energy Resources Vector «dataType»
FossilFuelMeasure Energy Resources Vector «dataType»
FossilFuelResource Energy Resources Vector «featureType»
FossilFuelResourceType Energy Resources Vector «dataType»
RenewableAndWasteResource Energy Resources Vector «featureType»
VectorEnergyResource Energy Resources Vector «featureType»

5.5.2.1. Spatial object types

5.5.2.1.1. FossilFuelResource
FossilFuelResource

Name: Fossil fuel resource
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FossilFuelResource

Attribute:

5.5.2.1.2.

Subtype of:
Definition:

Description:

Stereotypes:

Attribute: dateOfDiscovery

Name:
Value type:
Definition:
Multiplicity:
Stereotypes:

resource

Name:
Value type:
Definition:
Multiplicity:

Name:
Subtype of:
Definition:

Description:

Stereotypes:

Attribute: Capacity

Name:
Value type:
Definition:
Description:

Multiplicity:
Stereotypes:

Name:
Value type:
Definition:
Multiplicity:
Stereotypes:

Name:
Value type:

VectorEnergyResource

A spatial object defining an inferred or observable spatial extent of a resource that
can be, or has been used as a source of fossil fuel energy. The most common fossil
fuel types are coal, natural gas and crude oil.

<font color="#222226">Solid fossil fuels are those non-renewable hydrocarbon
energy resources that are naturally found in the solid state i.e. coals and peat.
Hydrocarbons cover various types of natural gas and petroleum resources.

«featureType»

Date of discovery

TM_Position

The date the energy source was discovered.
1

«voidable»

Resource

FossilFuelResourceType

Type and amount of fossil fuel resources in a single spatial object.
1.*x

RenewableAndWasteResource
RenewableAndWasteResource

Renewable and waste resource

VectorEnergyResource

A spatial object defining an inferred or observable spatial extent of a resource that
can be, or has been used as a source of renewable energy or waste.

<font color="#222226">Renewable energy is energy that is naturally occurring and
theoretically inexhausatable that is not derived from fossil or nuclear fuel. Waste is a
fuel that may consist of many materials coming from combustible industrial,
institutional, hospital and household wastes such as rubber, plastics, waste fossil
oils and other similar commodities. It is either solid or liquid in form, renewable or
non-renewable, biodegradable or non-biodegradable.

«featureType»

Capacity

Measure

Energy capacity of a renewable energy resource within the spatial object.

NOTE the unit of measure to be used is MWe for electrical generation capacity and
MWs1 for heat generation capacity.

0.1

«voidable»

Attribute: dateOfDetermination

Date of determination

TM_Position

Date on which the capacity of the resource has been determined.
1

«voidable»

At tribute: typeOfResource

Type of resource
RenewableAndWasteValue
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RenewableAndWasteResource

Definition: The type of renewable energy or waste resource.
Multiplicity: 1

5.5.2.1.3. VectorEnergyResource
VectorEnergyResource (abstract)
Name: Vector Energy Resource

Definition: A vector spatial object defining an inferred or observable spatial extent of a resource
that can be or has been used as a source of energy.

Stereotypes: «featureType»

Attribute: beginLifespanVersion

Value type: DateTime

Definition: Date and time at which this version of the spatial object was inserted or changed in
the spatial data set.

Multiplicity: 1

Stereotypes: «lifeCyclelnfo,voidable»

Attribute: ClassificationAndQuantificationFramework

Name: Classification and quantification framework
Value type: ClassificationAndQuantificationFrameworkValue
Definition: A reference classification scheme to classify and quantify energy resources.
Description: NOTE in most cases, only applicable to fossil fuels.
Multiplicity: 0.1
Attribute: endLifespanVersion
Value type: DateTime
Definition: Date and time at which this version of the spatial object was superseded or retired in
the spatial data set.
Multiplicity: 0.1

Stereotypes: «lifeCyclelnfo,voidable»

Attribute: exploitationPeriod

Name: Exploitation period

Value type: ExploitationPeriodType

Definition: The exploitationPeriod defines the start and, if applicable, the end date of the
application.

Description: NOTE For several reasons there might be more than 1 exploitation period

Multiplicity: 0.*

Stereotypes: «voidable»

Attribute: geometry

Name: Geometry
Value type: GM_Object
Definition: Geometric representation of spatial extent covered by this energy resource.
Multiplicity: 1
Attribute: inspireld
Value type: Identifier
Definition: External object identifier of the spatial object.
Description: NOTE An external object identifier is a unique object identifier published by the

responsible body, which may be used by external applications to reference the
spatial object. The identifier is an identifier of the spatial object, not an identifier of
the real-world phenomenon.

Multiplicity: 1
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VectorEnergyResource (abstract)

Attribute: reportingAuthority

Name:
Value type:
Definition:

Multiplicity:
Stereotypes:

Attribute: resourceName

Name:
Value type:
Definition:
Description:

Multiplicity:
Stereotypes:

Attribute: verticalExtent

Reporting authority

RelatedParty

Organisation responsible for reporting on the estimated and produced energy
resources.

0.*

«voidable»

Resource name
GeographicalName
The name of the energy resource

NOTE For fossil fuels this name is t
register governed by geological survey or other national authority in charge.

0..*
«voidable»

h e

Name: Vertical extent

Value type: VerticalExtentType

Definition: Vertical dimensional property consisting of an absolute measure or range of
measures referenced to a well-defined vertical reference level which is commonly
taken as origin (ground level, mean sea level, etc.).

Description: In the case of subsurface resources the depth or depth range between the deepest
(lower bound) and most shallow (upper bound) aspect of the deposit body, where
the depth is true vertical depth below a chosen vertical reference level.

Multiplicity: 0.1

Stereotypes: «voidable»

5.5.2.2. Data types
5.5.2.2.1. CalorificRangeType
CalorificRangeType

Name: Calorific range type

Definition: Value indicating the upper and lower bounds of the calorific range of the energy
resource.

Stereotypes: «dataType»

Attribute: lowerBound

Name: Lower bound

Value type: Measure

Definition: Value indicating the lower bound of the calorific range.
Description: NOTE the unit of measure to be used is the Sl unit kJ/kg.
Multiplicity: 1

Attribute: upperBound

Name: Upper bound
Value type: Measure
Definition: Value indicating the upper bound of the calorific range.
Description: NOTE the unit of measure to be used is the Sl unit kJ/kg.
Multiplicity: 1

5.5.2.2.2.  CalorificValueType

CalorificvValueType
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CalorificValueType

Name:
Definition:
Stereotypes:

Attribute: calorificRange

Name:
Value type:
Definition:
Multiplicity:

Attribute: calorificScalar

Name:
Value type:
Definition:
Description:
Multiplicity:

Calorific value type.
Value or range of values describing the calorific value of an Energy Resource.
«union»

Calorific range

CalorificRangeType

A range of calorific values describing the calorific value of an Energy Resource.
1

Calorific scalar

Measure

Measure quantifying the calorific property of an Energy Resource.
NOTE the unit of measure to be used is the Sl unit kJ/kg.

1

5.5.2.2.3.  ExploitationPeriodType
ExploitationPeriodType

Name:
Definition:

Stereotypes:

Attribute: beginTime

Name:
Value type:
Definition:
Description:

Multiplicity:
Attribute: endTime

Name:
Value type:
Definition:
Description:

Multiplicity:

Exploitation period type

The exploitationPeriod defines the start and, if applicable, the end date of the
exploitation or application.

«dataType»

Begin time

TM_Position

The time when the exploitation started.

This is both for renewable and non-renewable energy sources. For non-renewable
energy resources exploitation starts with certain mining activities. In the case of
renewable energy resources, it starts with the extraction of energy using specific
equipment.

1

End time

TM_Position

The time when the exploitation ended.

This is both for renewable and non-renewable energy sources. For non-renewable
energy resources exploitation ends with stopping the mining activities. In the case of
renewable energy resources, it ends when specific equipment is no longer used for
extraction of renewable and waste energy.

0.1

5.5.2.2.4. FossilFuelMeasure

FossilFuelMeasure
Name:
Definition:
Stereotypes:

Attribute: amount

Name:
Value type:
Definition:

Fossil fuel measure
Amount of resources according to the specific categorisation.
«dataType»

Amount
Measure
Amount of resource present in the spatial object.
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FossilFuelMeasure
Description:

Multiplicity:

NOTE the unit of measure to be used is standard m? for natural gas assuming
reference gas conditions (15° C; 101,325 kPa) and 103 tonnes for solid fossil fuels
and oil.

1

Attribute: dateOfDetermination

Name:
Value type:
Definition:
Multiplicity:

Attribute: resourceClass

Name:
Value type:
Definition:

Description:
Multiplicity:

Date of determination

TM_Position

Date on which the resource was quantified.
1

Resource class

FossilFuelClassValue

Category indicating the different confidence levels of fossil fuel resources for
distinguishing real from potential or expected amount of fossil fuels.

A particular class within the classification framework.

1

55.2.25. FossilFuelResourceType
FossilFuelResourceType

Name:
Definition:
Stereotypes:

Attribute: calorificValue

Name:
Value type:
Definition:

Description:

Multiplicity:
Stereotypes:

Attribute: quantity

Name:
Value type:
Definition:
Multiplicity:
Stereotypes:

Attribute: typeOfResource

Name:
Value type:
Definition:
Multiplicity:

5.5.2.3. Imported

Resource type
Type and amount of resource according to specific categorisation.
«dataType»

-- Calorific value

CalorificvValueType

<font color="#222226">Each fossil fuel resource is characterised by its own calorific
value, i.e. the quantity of energy available in a unit of mass. <font color="#222226">
<font color="#222226">

<font color="#222226">NOTE the unit of measure to be used is MJ/tonne for solid
fossil fuels, MJ/tonne for oil and KJ/m3 for natural gas assuming reference gas
conditions (15°C; 101,325 kPa)

1

«voidable»

Quantity

FossilFuelMeasure

Amount of resource according to the specific categorisation.
0..*

«voidable»

Type of resource
FossilFuelValue
Type of fossil fuel.
1

types (informative)

This section lists definitions for feature types, data types and enumerations and code lists that are defined in other

application schemas. The

section is purely informative and should help the reader understand the feature catalogue

presented in the previous sections. For the normative documentation of these types, see the given references.
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5.5.2.3.1. ClassificationAndQuantificationFrameworkValue
ClassificationAndQuantificationFrameworkValue

Package: Energy Resources Base

Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]

Definition: Values for the most widely used classification schemes to classify and quantify
energy resources.

Description: NOTE Most of the listed classification frameworks only focus on fossil fuels.

5.5.2.3.2. DateTime

DateTime
Package: Date and Time
Reference: Geographic information -- Conceptual schema language [ISO/TS 19103:2005]

5.5.2.3.3. FossilFuelClassValue
FossilFuelClassValue

Package: Energy Resources Base
Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]
Definition: Different sublevels within a resource for distinguishing real from potential or

expected amount of fossil fuel resources.

5.5.2.3.4. FossilFuelvalue
FossilFuelValue

Package: Energy Resources Base
Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]
Definition: Types of fossil fuels.

5.5.2.3.5. GM_Object
GM_Object (abstract)

Package: Geometry root
Reference: Geographic information -- Spatial schema [ISO 19107:2003]

5.5.2.3.6. GeographicalName
GeographicalName

Package: Geographical Names
Reference: INSPIRE Data specification on Geographical Names [DS-D2.8.1.3]
Definition: Proper noun applied to a real world entity.

5.5.2.3.7. ldentifier

Identifier
Package: Base Types
Reference: INSPIRE Generic Conceptual Model, version 3.4 [DS-D2.5]
Definition: External unique object identifier published by the responsible body, which may be
used by external applications to reference the spatial object.
Description: NOTE1 External object identifiers are distinct from thematic object identifiers.

NOTE 2 The voidable version identifier attribute is not part of the unique identifier of
a spatial object and may be used to distinguish two versions of the same spatial
object.

NOTE 3 The unique identifier will not change during the life-time of a spatial object.

5.5.2.3.8. Measure
Measure

Package: ProductionAndIndustrialFacilitiesExtension
Reference: INSPIRE Data specification on Production and Industrial Facilities [DS-D2.8.111.8]
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Measure
Definition: Declared or measured quantity of any kind of physical entity.

5.5.2.3.9. RelatedParty
RelatedParty

Package: Base Types 2

Reference: INSPIRE Generic Conceptual Model, version 3.4 [DS-D2.5]

Definition: An organisation or a person with a role related to a resource.

Description: NOTE 1 A party, typically an individual person, acting as a general point of contact

for a resource can be specified without providing any particular role.

5.5.2.3.10. RenewableAndWasteValue
RenewableAndWasteValue

Package: Energy Resources Base

Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]

Definition: Types of renewable and waste resources.

Description: NOTE Waste values have been included in this code list to simplify the code lists

rather than to imply that only renewable waste is included.

5.5.2.3.11. TM_Position

TM_Position
Package: Temporal Reference System
Reference: Geographic information -- Temporal schema [ISO 19108:2002/Cor 1:2006]

5.5.2.3.12. VerticalExtentType
VerticalExtentType

Package: Energy Resources Base
Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]
Definition: Vertical dimensional property consisting of an absolute measure or range of

measures referenced to a well-defined vertical reference level which is commonly
taken as origin (ground level, mean sea level, etc.).

5.5.3 Externally governed code lists

The Energy Resources Vector application schema does not contain externally governed code lists.

5.6 Application schema Energy Resources Coverage

5.6.1 Description

5.6.1.1.  Narrative description

In addition to the previously described Energy Resources Vector application schema a second approach
to spatially describe Energy Resources is to assess the continuous variation of an Energy Resource

property within a domain of interest (wind speed, solar radiation, geothermal gradie nt etcé).

approach is particularly applied for the representation of the energy potential of renewable resources, and
relies to a large extent on the energy potential of a natural resource only and not on any legal or socio-
economic criteria.

The Energy Resources Coverage application schema should not be used as an alternative representation
of discrete objects like coal deposits, oil fields, or any other delineation of spatial features, nor to

T h
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represent properties of subsurface non-renewable energy sources. Therefore, the use of this application
schema is restricted to those renewable resources, the potential of which can vary over time and space.

The Energy Resources Coverage application schema has been developed according to the Rules for
application schemas defined in ISO 19109 and depends on the common model for Coverages included in
the Generic Conceptual model. The coverage representation should be applied in order to present the

variation of energy-related properties based on a gridded domain.

5.6.1.2. UML Overview

The Energy Resources Coverage application schema is presented in Figure 11 and described below.

class EnergyResourcesCoverage: Overvi... /

¢cfeatureTypee
Renew ableAndWastePotentialCov erage

domainExtent: EX_Extent [1..*]

inspireld: Identifier

potential Type: PotentialTypeValue
typeOfResource: RenewableAndWasteValue

+ o+ o+ +

voi dabl ee

assessmentMethod: DocumentCitation
name: CharacterString [0..1]
validTime: TM_Period

vertical Extent: VerticalExtentType [0..1]

+ + + + .0

voi dabl e, |l i feCyclelnfoe
beginLifespanVersion: DateTime

+ + .0

endLifespanVersion: DateTime [0..1]
7

' .
, \
’ \

domainlsRectifiedGrid
/* the domain shall be
a rectified grid.*/

inv:
domainSet.oclIsKindOf]
(CV_RectifiedGrid)

rangeSetValuesAreOfT
ypeMeasure

/* the rangeSet values
shall be of type
Measure. */

inv: rangeSet.forAll

GCM Coverages (Domain and Range)

cfeatureTypee
Coverages (Domain and Range)::
CoverageByDomainAndRange

+ coverageFunction: CoverageFunction [0..1]
+ domainSet: Any
+ rangeSet: Any [0..*] {ordered}

constraints
{gridFunctionRequiresGridDomain}

!

cfeatureTypee
Coverages (Base)::Coverage

+ metadata: Any [0..*]
+ rangeType: RecordType

(oclIsKindOf(Measure))

Figure 1117 UML class diagram: Overview of the key components of the Energy Resources

Coverage application schema
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class EnergyResourcesCov erage: code li... /
ccodeliste ccodeli ste
WindPotentialValue GeothermalPotentialValue
tags tags

asDictionary = true asDictionary = true

extensibility = any extensibility = any

vocabulary = httpJ//inspire.ec.europa.eu/codeList/WindPotential Value vocabulary = http://inspire.ec.europa.eu/codeList/GeothermalPotential Value|
xsdEncodingRule = is019136_2007_INSPIRE_Extensions xsdEncodingRule = is019136_2007_INSPIRE_Extensions

ccodelLi ste

ccodelListe
TidalPotentialValue

Potential TypeValue

tags <F— tags

asDictionary = true

extensibility = any

vocabulary = http://inspire.ec.europa.eu/codeList/TidalPotential Value
xsdEncodingRule = is019136_2007_INSPIRE_Extensions

asDictionary = true

extensibility = any

vocabulary =

xsdEncodingRule =is019136_2007_INSPIRE_Extensions

gcodelLi ste gcodelLi ste
SolarPotentialValue HydroPotentialValue
tags tags
asDictionary = true asDictionary = true
extensibility = any extensibility = any
vocabulary = http://inspire.ec.europa.eu/codeList/SolarPotential Value vocabulary = http:/finspire.ec.europa.eu/codeList/HydroPotential Value
xsdEncodingRule = is019136_2007_INSPIRE_Extensions xsdEncodingRule =is019136_2007_INSPIRE_Extensions

Figure 127 UML class diagram: Overview of the code lists of the Energy Resources Coverage
application schema

The Energy Resources Coverage application schema defines a model for gridded coverage types based
on ISO 19123.

The feature type RenewableAndWastePotentialCoverage is the single spatial object type in this
application schema for modelling a gridded coverage that represents the potential of a renewable energy
resource. It contains common properties such as the Inspire identifier and lifecycle information.

At the same time other properties are inherited from the abstract CoverageByDomainAndRange
featuretype (GCM) and correspond to the basic properties of coverages as defined in ISO 19123. Besides
the inherited properties additional attributes are defined:

1 for indicating the main type of energy resource (attribute typeOfResource)

1 for providing a coverage name (attribute name),

1 for describing the extent of the spatial domain (attribute domainExtent),

1 for documenting the method used to assess the energy potential (attribute assessmentMethod),
1 for defining the time period during which the data is usable (attribute validTime).

In cases like the modelling of wind and geothermal energy it is important to know at which height or depth
the wind speed and Earthés crust temper at uatien. Thimv e
information can be provided by using the VerticalExtent attribute allowing for describing either the height

or depth as appropriate.

be
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: Recommendation 9 It is recommended to describe at least EX_GeographicExtent information :
. through the DomainExtent attribute. .

Recommendation 10 Height or depth information should be provided through the VerticalExtent
attribute when the coverage represents a range set of values at a certain
depth or height (for example potential of geothermal energy, of wind
ener gy, é)

Detailed information on the type of potential energy (PotentialType attribute) needs to be provided by
selecting a coded value from the PotentialTypeValue code list. This code list is abstract and has been left
empty on purpose, and the values should be taken from subtyped code lists. The reason for this
approach is twofold:

9 To allow the definition of defining Range Values via domain-specific code lists: What are the
domain-specific values to be represented: wind power density, direct normal solar irradiation,
potenti al Bi omass etcé

9 To propose common units of energy measures: In order to achieve a greater interoperability among
European data sets with regard to energy potential, the definition of common units of measures
would be beneficial for each subtype of renewable energy or energy extracted from waste
resources.

Hence, the subtyped code lists contain an initial set of code values for a number of energy types (wind,
geot her mal , etce), however the code lists can be ex
proposed for other renewable energy types (e.g. bio-energy).

The range set of the coverage needs to correspond with the type of potential energy defined (e.g. diffuse
sol ar irradiance, wind speedé.) and is composed of a
Measure (e.g. 1000 Wh/m?2).

It should be noted that the enhancement of the application schema is not a theme-independent process.

Some natural phenomena such as wind properties, temperature properties, and wave properties can be

model |l ed within application schemaébés of ot hethese Annex
natural phenomena are within the scope of these themes.

The domain of the coverage shall be limited to rectified grids, which means it can be spatially referenced
through a coordinate reference system. Each grid cell that is part of the domain shall correspond with a
value representing the amount of potential energy modelled or calculated for a specific renewable Energy
Resource type.

When providing data according to the specified application schema, it is of paramount importance that the
type of resource, the type of energy potential and the methodology (i.e. assessmentMethod) followed for

modelling and generating the coverage is documented. This type of information is essential to interpret
the provided information correctly.

5.6.1.3. Consistency between spatial data sets

The Energy Resources Coverage application schema does not require consistency rules.

5.6.1.4. Identifier management
All spatial objects in the Energy Resources Coverage application schema shall be assigned an inspireld

in accordance with the rules for Identifier Management defined in D2.5 Generic Conceptual Model. This
identifier shall be maintained by the national or regional authority.

5.6.1.5. Modelling of object references
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The Energy Resources Coverage application schema does not require modelling of object references.

5.6.1.6. Geometry representation

The geometry representation for Energy Resources coverages is identified by the data structures defined
for rectified grids in this specification.

5.6.2 Feature catalogue

Feature catalogue metadata

Application Schema INSPIRE Application Schema Energy Resources Coverage
Version number 3.0

Types defined in the feature catalogue

Type Package Stereotypes
GeothermalPotentialValue Energy Resources Coverage «codeList»
HydroPotentialValue Energy Resources Coverage «codeList»
PotentialTypeValue Energy Resources Coverage «codeList»
RenewableAndWastePotentialCoverage Energy Resources Coverage «featureType»
SolarPotentialValue Energy Resources Coverage «codeList»
TidalPotentialValue Energy Resources Coverage «codeList»
WindPotentialValue Energy Resources Coverage «codeList»

5.6.2.1. Spatial object types

5.6.2.1.1. RenewableAndWastePotentialCoverage
RenewableAndWastePotentialCoverage

Name: Renewable and waste potential coverage
Subtype of: CoverageByDomainAndRange
Definition: Function that returns an energy potential value from its range for any direct position

within its spatial, temporal or spatio-temporal domain.
Description: SOURCE Adapted from "Coverage" [ISO 19123:2005].
Stereotypes: «featureType»

Attribute: assessmentMethod

Name: Assessment method

Value type: DocumentCitation

Definition: A reference to the method used to assess the energy resource potential.
Multiplicity: 1

Stereotypes: «voidable»

Attribute: beginLifespanVersion

Value type: DateTime

Definition: Date and time at which this version of the spatial object was inserted or changed in
the spatial data set.

Multiplicity: 1

Stereotypes: «voidable,lifeCyclelnfo»

Attribute: domainExtent

Name: Domain extent
Value type: EX_Extent
Definition: The attribute domainExtent shall contain the extent of the spatio-temporal domain of

the coverage. Extents may be specified in both space and time.
Description: NOTE 1 The domain extent shall be specified at least in space by using
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RenewableAndWastePotentialCoverage
EX_BoundingPolygon, EX_GeographicBoundingBox or EX_GeographicDescription.

NOTE 2 In specific cases information is needed on the vertical extent e.g. wind

power potential.
SOURCE Adapted from [ISO 19123:2005].

Multiplicity: 1.

Attribute: endLifespanVersion

Value type: DateTime

Definition: Date and time at which this version of the spatial object was superseded or retired in
the spatial data set.

Multiplicity: 0.1

Stereotypes: «voidable,lifeCyclelnfo»

Attribute: inspireld

Value type: Identifier
Definition: External object identifier of the spatial object.
Description: NOTE An external object identifier is a unique object identifier published by the

responsible body, which may be used by external applications to reference the
spatial object. The identifier is an identifier of the spatial object, not an identifier of
the real-world phenomenon.

Multiplicity: 1
Attribute: name
Value type: CharacterString
Definition: Name of the coverage.
Description: EXAMPLE The name of the catchment area for which a coverage has been
extracted to represent Hydroelectric potential.
Multiplicity: 0.1

Stereotypes: «voidable»

Attribute: potentialType

Name: Potential type
Value type: PotentialTypeValue
Definition: There are various types of potential energy, each associated with a particular type
of power.
Description: NOTE Most detailed classification must be provided.
Multiplicity: 1
Attribute: typeOfResource
Name: Type of resource
Value type: RenewableAndWasteValue
Definition: Type of renewable and waste resource to which the measured phenomenon is
applicable.
Description: NOTE Most detailed classification must be provided.
Multiplicity: 1
Attribute: validTime
Name: Valid time
Value type: TM_Period
Definition: The time period for which this coverage is representative.
Multiplicity: 1
Stereotypes: «voidable»

Attribute: verticalExtent
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RenewableAndWastePotentialCoverage

Name: Vertical extent
Value type: VerticalExtentType
Definition: A number or a range of height/depth values to describe the height/depth for which

the range set values are valid. EXAMPLE wind power map represents wind power
at a height of 80m above groundlevel.

Multiplicity: 0..1

Stereotypes: «voidable»

Constraint: domainisRectifiedGrid

Natural the domain shall be a rectified grid.

language:

OCL: inv: domainSet.oclisKindOf(CV_RectifiedGrid)
Constraint: rangeSetValuesAreOfTypeMeasure

Natural the rangeSet values shall be of type Measure.

language:

OCL: inv: rangeSet.forAll(ocllsKindOf(Measure))

5.6.2.2. Code lists

5.6.2.2.1. GeothermalPotentialValue
GeothermalPotentialValue

Name: Geothermal potential value

Definition: Types of potential geothermal energy.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/GeothermalPotentialValue

Values: The allowed values for this code list comprise the values specified in Annex C and

additional values at any level defined by data providers. Annex C includes
recommended values that may be used by data providers.

5.6.2.2.2. HydroPotentialValue
HydroPotentialValue

Name: Hydro potential value

Definition: Types of potential hydro energy.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/HydroPotentialValue

Values: The allowed values for this code list comprise the values specified in Annex C and

additional values at any level defined by data providers. Annex C includes
recommended values that may be used by data providers.

5.6.2.2.3. PotentialTypeValue
Potential TypeValue

Name: Potential type value

Definition: Types of potential energy from renewable and waste resources.

Extensibility: any

Identifier: http://inspire.ec.europa.eu/codelist/Potential TypeValue

Values: The allowed values for this code list comprise any values defined by data providers.

5.6.2.2.4. SolarPotentialValue
SolarPotentialValue

Name: Solar potential value

Definition: Types of potential solar energy.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/SolarPotentialValue

Values: The allowed values for this code list comprise the values specified in Annex C and
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SolarPotentialValue
additional values at any level defined by data providers. Annex C includes
recommended values that may be used by data providers.

5.6.2.2.5. TidalPotentialValue
TidalPotentialValue

Name: Tidal potential value

Definition: Types of potential tidal energy.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/TidalPotentialValue

Values: The allowed values for this code list comprise the values specified in Annex C and

additional values at any level defined by data providers. Annex C includes
recommended values that may be used by data providers.

5.6.2.2.6. WindPotentialValue
WindPotentialValue

Name: Wind potential value

Definition: Types of potential wind energy.

Extensibility: open

Identifier: http://inspire.ec.europa.eu/codelist/WindPotentialValue

Values: The allowed values for this code list comprise the values specified in Annex C and

additional values at any level defined by data providers. Annex C includes
recommended values that may be used by data providers.
5.6.2.3. Imported types (informative)

This section lists definitions for feature types, data types and enumerations and code lists that are defined in other
application schemas. The section is purely informative and should help the reader understand the feature catalogue
presented in the previous sections. For the normative documentati on of these types, see the given references.

5.6.2.3.1. CharacterString
CharacterString

Package: Text
Reference: Geographic information -- Conceptual schema language [ISO/TS 19103:2005]

5.6.2.3.2. CoverageByDomainAndRange
CoverageByDomainAndRange (abstract)

Package: Coverages (Domain and Range)

Reference: INSPIRE Data Specifications i Base Models i Coverage Types, version 1.0 [DS-
D2.10.2]

Definition: Coverage which provide the domain and range as separate properties.

5.6.2.3.3. DateTime

DateTime
Package: Date and Time
Reference: Geographic information -- Conceptual schema language [ISO/TS 19103:2005]

5.6.2.3.4. DocumentCitation
DocumentCitation

Package: Base Types 2
Reference: INSPIRE Generic Conceptual Model, version 3.4 [DS-D2.5]
Definition: Citation for the purposes of unambiguously referencing a document.

5.6.2.3.5. EX_Extent
EX_Extent

Package: Extent information
Reference: Geographic information -- Metadata [ISO 19115:2003/Cor 1:2006]
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5.6.2.3.6. ldentifier

Identifier
Package: Base Types
Reference: INSPIRE Generic Conceptual Model, version 3.4 [DS-D2.5]
Definition: External unique object identifier published by the responsible body, which may be
used by external applications to reference the spatial object.
Description: NOTE1 External object identifiers are distinct from thematic object identifiers.

NOTE 2 The voidable version identifier attribute is not part of the unique identifier of
a spatial object and may be used to distinguish two versions of the same spatial
object.

NOTE 3 The unique identifier will not change during the life-time of a spatial object.

5.6.2.3.7. RenewableAndWasteValue
RenewableAndWasteValue

Package: Energy Resources Base

Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]

Definition: Types of renewable and waste resources.

Description: NOTE Waste values have been included in this code list to simplify the code lists

rather than to imply that only renewable waste is included.

5.6.2.3.8. TM_Period

TM_Period
Package: Temporal Objects
Reference: Geographic information -- Temporal schema [ISO 19108:2002/Cor 1:2006]

5.6.2.3.9.  VerticalExtentType
VerticalExtentType

Package: Energy Resources Base
Reference: INSPIRE Data specification on Energy Resources [DS-D2.8.111.20]
Definition: Vertical dimensional property consisting of an absolute measure or range of

measures referenced to a well-defined vertical reference level which is commonly
taken as origin (ground level, mean sea level, etc.).

5.6.3 Externally governed code lists

The Energy Resources Vector application schema does not contain externally governed code lists.

5.7 Application schema Energy Statistics

5.7.1 Description

5.7.1.1. Narrative description

Detailed, complete, timely and reliable statistics are essential to monitor the energy resources and
security at a country level as well as at an international level. This application schema supports the
provision of aggregated data on Energy Resources and Energy statistics (i.e. all types of energy products
and flows). It is expected that detailed information on the amount of resources is to a large extent private
commercial information, nevertheless statistics at a particular aggregated level may be available. Hence,
since aggregated information is not directly linked to a single spatial object representing an Energy
Resource this application scheme is not part of the Implementing Rule and should be considered as a
guideline.
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Whenever data are not available at the resource level, aggregation of data is an alternative to document
the status of resources within a statistical unit, for instance aggregated to the national level. Moreover,
this application schema also enables the collection and representation of statistical information on the
supply, trade, stocks, transformation and demand of energy products in the production and consumption
chain.

As such the scope of the Energy Statistics application schema is much wider than the scope defined in
this data specification. Nevertheless, there is a need to support the exchange of aggregated and
statistical information since a lot of spatial data about Energy Resources are privately held and not
available within the context of INSPIRE.

The Energy Statistics application schema provides a generic pattern for exchanging aggregated data
based on statistical units. The original objective of this application schema is to enable the representation
of aggregated data dealing with the quantification of primary energy resources in terms of available in-
place resources. Furthermore the objective has been extended to enable the representation of balance
statistics of energy products in line with the European Energy Statistics Regulation, for example monthly
production values.

With regard to the abovementioned type of data the Energy Statistics application schema has been
restricted to vector geometries as no user requirements were identified to support statistical grids.
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5.7.1.2. UML Overview

class EnergyStatistics /

SU: Statistical Units

cfeatureTypee
EnergyStatisticalUnit

|

|

| ¢cfeatureTypeeé
: Vector::VectorStatisticalUnit

|
|
|
|
|
|
BN :
! |
' |
! |
| 1 |
! |
' |
. :
|
+statisticalValues 0..’fatisticaIMeawre£: | |
[ cvoidabrl ee | !
cdataTypeée | I
AggregatedEnergy | :
| ¢featur |
+ aggregationPeriod: TM_Period | +statisticalUni Base:: |
+ measureValue: Measure ‘6\* 1 StatisticalUnit |
cvoidabl ee - !
+ label: CharacterString [0..1] | :
|
____________________________ J

cdataTypeé

¢dataTypee AggregatedResource

EnergyStatistic

+ energyProduct: EnergyProductValue ML EERIRCSce RRe sourceType

+ energyStatisticsAggregate: EnergyStatisticsAggregateValue ¢voidabl eeé
+ resourceClass: FossilFuelClassvValue [0..1]

¢uni oné
ResourceType

+ fossilFuelType: FossilFuelValue
+ renewableAndWasteType: RenewableAndWasteValue

ccodelLi ste ccodelListe
EnergyStatisticsAggregateValue EnergyProductValue
tags tags
asDictionary = true asDictionary = true
extensibility = any extensibility = any
vocabulary = http://inspire.ec.europa.eu/codeList/EnergyStatisticsAggregate| | vocabulary = http://inspire.ec.europa.eu/codeList/EnergyProductValug
xsdEncodingRule = is019136_2007_INSPIRE_Extensions xsdEncodingRule = is019136_2007_INSPIRE_Extensions

Figure 137 UML class diagram: Overview of the Energy Statistics application schema

The feature type EnergyStatisticalUnit is the key spatial object in this application schema and inherits all
properties of the VectorStatisticalUnit that has been defined in the INSPIRE theme Statistical Units.
EnergyStatisticalUnit is associated to the AggregatedEnergy datatype, which defines the statistical values
composing the energy statistic. In other words, EnergyStatisticalUnit provides the spatial reference
whereas AggregatedEnergy describes the statistical values that are valid for a specific Statistical Unit.

The datatype AggregatedEnergy has been subdivided in two subtypes: AggregatedResource and
EnergyStatistic. The AggregatedResource represents aggregated data on primary Energy Resources, in
the format of a statistical measure. The EnergyStatistic datatype is a class for exchanging statistical data
on any kind of energy product or flow.

In order to geographically locate aggregated data both subtypes are associated through their parent class
AggregatedEnergy to the spatial object type EnergyStatisticalUnit defining the spatial unit for
disseminating or using statistical information. Figure 13 above shows the EnergyStatistics application
schema structure and visualizes how energy-related statistics are linked, through an association, to the
EnergyStatisticalUnit class, a subtype from VectorStatisticalUnit as it has been defined in the Statistical
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Unit i Core application schema. The Vector application schema of Statistical Units allows to further
specialize the type of statistical unit (urban

audi

Contrar y t o the abovement i on e d EnargyBtatisticalUniti featuretype doesmmatd s ,

need to define common properties such as the Inspire identifier and lifecycle information because the
identifier and lifecycle information are already inherited from the VectorStatisticalUnit.

Aggregated data are characterized by 3 common properties:

1 aggregationPeriod: A time period over which a statistic is calculated (e.g. a year)
1 measureValue: the actual statistical value (e.g. 10 GWh)
1 label: a voidable property for providing a human-readable title for the statistic.

The inherited AggregatedResource datatype has 2 specific attributes: The typeOfResource attribute
allows for defining the subdomain of Energy Resources to which the statistic applies, whereas the
voidable resourceClass is meant for describing the type of the resource class (e.g. resources initially in
pl ace, reserveseé), in particular for aggregated

In addition the EnergyStatistic featuretype is characterized by 2 specific properties: energyProduct refers
to a code list of energy product values as they are listed within the EU regulation on Energy Statistics.
The attribute energyStatisticsAggregate explains what the statistic represents i.e. production, trade, stock,

etc...Both code lists have been left empty on purpose, and the values should be extracted from the EC
regulation on Energy Statistics.

5.7.1.3. Consistency between spatial data sets

The Energy Statistics application schema does not require consistency rules.

5.7.1.4. Identifier management

The Energy Statistics application schema inherits the identifier management that is defined in the Vector
application schema of the Statistical Units theme.

5.7.1.5.  Modelling of object references

The Energy Statistics application schema does not require modelling of object references.

5.7.1.6. Geometry representation

The geometry representation for Energy Statistics support different geometrical representations and is
described by the geometry descriptor in the Statistical Units application schema.

5.7.2 Feature catalogue

Feature catalogue metadata

Application Schema INSPIRE Application Schema Energy Statistics
Version number 3.0

Types defined in the feature catalogue

Type Package Stereotypes
AggregatedEnergy Energy Statistics «dataType»
AggregatedResource Energy Statistics «dataType»
EnergyProductValue Energy Statistics «codeList»
EnergyStatistic Energy Statistics «dataType»

EnergyStatisticalUnit Energy Statistics «featureType»
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